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Abstract

Much work over the last twenty years has identified factors associated with the devel opment
of occupationa overuse syndrome (OOS). Although management strategies have been
developed to assist workers and supervisors to control such factors, recent data indicate that
the problem still persists. Further, it is acknowledged that OOS is an international problem,
with many sufferers hoping for some “magic cure”. A variety of companies produce a myriad
of products for usersto help alleviate the risk of OOS.

This paper reviews the recent literature on OOS with a particular focus on the impact of new

technology for addressing this problem in the office environment.
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I ntroduction

Occupational overuse syndrome (OOS) may also be called repetitive strain injury, repetitive
motion disorders and cumulative trauma disorders. Thisterminology has variously been
applied to different soft tissue and inflammatory joint conditions, including tendonitis,
tenosynovitis, nerve entrapment syndromes (e.g. radial, ulnar, etc.), epicondylitis, muscular
sprain and strains, carpal and radial tunnel syndrome, bursitis and rheumatoid and arthritic
conditions, particularly when associated with some occupational exposures. The aetiology is
usually unclear i.e. symptoms appear gradually and do not relate to a specific causative

event®™?,

All of these conditions have similar symptoms — pain (often diffuse and burning in nature),
tingling, numbness and swelling in the joints and muscles (generally of the hand, arm and
forearm). Tenderness and autonomic dysfunction are sometimes present ©. Other symptoms
include lack of movement and pain in the shoulder and neck regions. Static muscle loading
(maintaining the same posture and position of ajoint) has been shown to be a contributing

factor, aswell as repetitive movements, and exposure to vibration and cold temperatures ©©.

Fernstrom and Ericson®” reported that important contributing risk factors for the devel opment
of musculoskeletal diseases associated with office work include working hours, work
distribution and pace, repetitive and monotonous tasks and stressful postures such as wrist
flexion, extension and/or deviation, and upper arm elevation. Research® has shown it is
better for workers to have frequent short breaks rather than fewer longer breaks during their
working day. Lawrence et a (1995)® found that workers who completed repetitive manual
tasks were particularly at risk of suffering radial tunnel syndrome.

Work duties within many industries involve repetitive movements. Hand and wrist tasks can
be considered repetitive if the basic action is repeated within 30 seconds®. So, for example,
computer mouse usage qualifies as arepetitive task. Many software programs are “ mouse

driven”, particularly those involving data entry and text or graphics editing tasks.



Erdil, Maurer and Dickerson® stated that metabolic, hypertrophic, contractile, and fibre
content changes result from an increase in physiological demands in muscles and tendons.
Thus, if agroup of muscles are worked at alevel which does not allow adequate time for
tissue recovery (athough the task demand is below the threshold level which would result in
actual tissue damage), submaximal and cumulative tissue damage may result. The symptoms
experienced by aworker in such a situation may be consistent with CTD. If the changes are
in an anatomical structure with limited adaptive capabilities (such as the “tight” carpal tunnel
compartment), mechanical compression and/or microvascular insufficiency can lead to further

injury, for example, to the neural tissues®”.

The amount of time spent completing repetitive tasks over the working day is significant® but
the body can recover from stressful work tasksif there is enough variation in the tasks and/or
“rest” time. Muscle and joint recovery is dependent on blood supply reaching tissues. If
blood supply to agroup of muscles or ajoint is reduced or restricted, for example, due to an
increase in the external or internal pressure at the carpal tunnel of the wrist, OOS symptoms
may result®. Workers who are exposed to vibration and use power grips associated with their
work are also at risk of developing OOS®. Muscles repair and recover faster than ligaments,
tendons and nerves following stress and injury; however, the amount of time for each person

to recover from physical “stress’ varies.

The repetitive use of amouse can result in OOS symptoms, especially if the work is mainly
computer and mouse based. Thisis particularly relevant for editing tasks when the user
“scrolls’ through screens of data to effect changes, or “drags’ and “clicks’ the mouse buttons
repeatedly. In this case, the small muscles of the hands and fingers complete most of the
work, whilst the wrist, elbow, shoulder and neck are held in virtually the same position. This
resultsin “static’ muscle loading and may lead to pain, strain and stiffnessin the muscles and

joints.

More elements of working life are becoming computerised and more people are using VDT
and related equipment to complete their work” . Thus, many more workers are exposed to

the potential problems associated with working with this equipment.



The scope of the problem

The “NOHSC Compendium of Workers Compensation Statistics, Australia’ “**? does not
list OOS as a separate condition. However, the data for neck, shoulder and hand, fingers and
thumb injuries and diseases may be used as an indication of the problem of OOS. Datain the
Compendia are prepared from workers' compensation claim statistics under the various
jurisdictions workers' compensation Acts. The threshold for datato be included in the
“NOHSC Compendium of Workers Compensation Statistics, Australia” “**? is that any
reported work-related injury or disability resultsin an absence from work of five or more
days. Itisdifficult to compare data prior to 1993 with that analysed after 1993 due to changes
in various jurisdictions legislation, data collection criteria and data presentation in the
Compendia. However, a steady increase in the cost of workers' compensation injuriesis
revealed.

Datain 1992-93? did not include ACT or Victorian figures (unavailable for inclusion) and
did not present average costs of theinjuries. Data were not combined for upper limb

diseases/injuries in this report.

Workers compensation “**? claims associated with neck injuries/diseases represented 2.4%
of new Australian casesin 1995-96 (compared with 3% in 1992-93 and 2.5% in 1994-95) and
upper limb injuries/diseases represented 28.7% of new Australian cases in 1995-96 (compared
with 23.3% in 1992-93 and 28.5% in 1994-95). Statistics for the state of Victoriaare not
included because the threshold for claims changed from five days lost from work to ten days
lost from work in 1993. Datafor the ACT were not available at the time of preparation of the
Compendium, and data from Victoriawere not available for inclusion in 1992-93. The data
for upper limb injuries/diseases in 1992-93 were derived by combining values for wrist (4%),
shoulder (5%) and hand, fingers and thumb (14.3%) injuries/diseases.

In 1992-93"° the average absence from work ranged from 4.8 working weeks for hands,
fingers and thumb injuries/diseases to 9.7 working weeks for shoulder injuries/diseases. In
1994-95™ the range for the average absence from work was 5.0 working weeks for hands,
fingers and thumb injury/disease to 9.6 working weeks for shoulders. In 1995-96"2 this

increased to an average absence of 5.4 working weeks for hands, fingers and thumb



injury/disease and 10.6 working weeks for shoulder injuries/disease. All these data exclude
Victoriaand ACT.

The average direct cost per claimfor hand, fingers and thumb injuries increased from $A3,258
in 1992-93"7 to $A 3,351 in 1994-95™ and to $A3,536 in 1995-96". Average direct costs
per claim for shoulder injuries increased from $A6,564in 1992-93"% and decreased dlightly to
$A6,488 in 1994-95™ and increased to $A6,911 in 1995-96."? These figures exclude data
for Victoria, ACT and WA.

The above data do not include injuries resulting in less than 5 days absence from work,
journey injuries, nor those workers covered by workers' compensation outside State, Territory
or Commonwealth legislation. Datafor self-employed are also not recorded in the NDS.

The available statistics consider only the treatment and time lost from work costs — the direct
costs - associated with these claims. However, the indirect costs associated with aclaim,
including staff replacement and training, loss of production, loss of quality whilst new staff
learn the required skills and abilities, and claims-related costs, such as administration and
legal costs (if the claim is litigated) are difficult to estimate.”

The recently released “The 1995 Australian Workplace and Industrial Relations Survey
(AWIRS 95): An OHS Perspective’ ™ contains data obtained from 19,155 questionnaires
distributed in 1896 workplaces. The results of this Employee Survey revealed dislocation,
strain and sprain injuries as the most commonly reported work-related injury or illness, with a
rate of 43%™. These data include injuries and illness for which less than five days were lost
from work. Only 35% of the respondents received workers' compensation payments for their

injuries or illness, possibly because the nature of the injury or illness was considered minor.

Yass ™ et al reported that of all upper limb workers' compensation claimsin Manitoba,
Canada, in 1991, 382 cases (or 9.3%) were attributed to RSI. Of these, 27.5% were due to
tendonitis, and 19.3% were due to carpal tunnel syndrome. Claimants suffered symptoms for
an average of eight months prior to lodging claims. Clerical workers as agroup had alow
incidence of RSI with 13.6% of all upper limb RSI claims. The largest incidence of RSl was
found in the meat and poultry industry. The authors stated the average cost for RSI claims
was $CA5,569, compared with $CA 2,480 for similar non-RSI muscul oskeletal claims, and



the average lost time from work was 71.4 days for RSI claims, compared with 33.6 days for
similar non-RSI musculoskeletal claims. Only 67.3% of RSI claimants returned to the same

job, compared with 81% similar non-RSI muscul oskeletal claimants.

In June 1998 the World Health Organisation cited a German study “® of VDU-assisted office
work. The survey of 592 self-administered questionnaires across a number of areas (i.e.
clerical work, data entry, word processing and programming) included questions relating to
job satisfaction, job-related stress, coping styles and health effects. Females tended to occupy
the lower-skilled jobs. Almost two thirds of respondents reported some health problems
associated with their work, with 49% reporting painful neck and shoulders, 37% back pain,
35% headache and 30% eyestrain. Organisational factors, such asthe level of subjectively
rated workload, social support by colleagues, individual significance of work and aspects of
socia gratification, were found to be significant. The study also identified that 14% of the
sampl e subjects stated that they were unable to relax.

Pan and Schieifer™ stated that 18% of all occupational illnessesin the USA in 1981 were due
to ‘cumulative traumadisorders and, by 1992, this increased to 61% of all reported
occupational illnesses. Although not stated by these authors, this increase may partly be
explained by a different attitude to reporting occupational illnesses, and perhaps different

diagnostic processes.

Fogelman and Brogmus™*” reviewed workers' compensation claims data for cumulative
trauma disorders of the upper extremities (CTDUE) from the Liberty Mutual Group (USA)
between 1986 and 1993, inclusive. They concluded that claims associated with the use of a
computer mouse were very small relative to al claims (0.0% in 1986, increasing to 0.04% in
1993), but the comparative incidence increased when compared with computer-related claims
(0.0% in 1986 and 6.1% in 1993). The median costs of these claimsin 1993 were $170 for
computer mouse claims, $314 for computer claims and $372 for CTDUES, compared with
$192 for al claims. However, these authors stated that due to the small number of computer
mouse-related CTDUES, the average and median costs associated with these claims should be
viewed with caution. They further concluded that the majority of CTDUE claims were made
by female workers, and that the actual number of these claims may be an underestimate of the

problem due to the search method used in elucidating the data.



Hales et al ® reported a cross-sectional study of 533 tel ecommuni cations employees who
used VDTsin three locations in the USA. Their study included a questionnaire and physical
examination of subjects. The authors claimed this was preferable to studies using only
guestionnaires, which may have doubled the prevalence rates. Twenty-two percent of
participants were considered to suffer upper extremity musculoskeletal disorders. Of these,
15% had probable tendon-rel ated disorders, 8% had probable muscle-related disorders
(tension neck syndrome and neck trigger points), 4% had probable nerve entrapment
syndromes, 3% had joint-related findings and another 3% had ganglion cysts. However, as
the criteriafor subjects to be included as a case in this study required symptoms to persist for
at least one week, or to have occurred for at least once a month, the actual number of persons
with problems may have been higher. The authors*® further reported that of the 22% with
symptoms, 12% had hand/wrist symptoms, 9% had neck area symptoms, 7% had elbow area
symptoms, and 6% had shoulder symptoms. Psychological factors were found to be more
significant for the neck/shoulder region rather than the hand/wrist area. They concluded that
no single psychosocial or work organisational factor was the predominant cause of upper
extremity musculoskeletal disorders. Therefore, improving a single workplace factor would

not result in the substantial reduction of the prevalence of these disorders.

This latter study, in particular, supports the current ergonomics approach of completing both a

full task analysis as well as a detailed workplace assessment during workplace evaluations.

Greening and Lynn® completed a controlled trial to investigate any relationship between the
experience of RSI, hand vibration thresholds and keyboard related tasks. This study involved
three groups — office workers who intensively used computer keyboards, patients diagnosed as
suffering RSI and a control group of university staff and students who may occasionally have
used keyboards. The authors reported that objective testing of office worker subjects who
intensively used computer keyboards and suffered from RSI showed signs of minor
polyneuropathy of the median, ulnar and radial nerves, with the median nerve being the most
affected. In particular, the vibration threshold for the median nerve was significantly raised in
both the patient and office-worker groups. Additionally, the patient group recorded raised
ulnar nerve vibration thresholds and showed further raised median nerve vibration thresholds

following keyboard use, indicating a work-related exacerbation. Results of this study also



revealed 82% of the patient group had a changed sensory response at suprathreshold
stimulation, suggesting possible changes in the central processing of non-noxious sensory
information. Greening and Lynn® proposed using vibration threshold studies as an early

indicator of workers who may develop RSI.

Background and Recent studies

Computer keyboard

In the past, typists were taught their skill in typing classes, where posture, style, speed and
accuracy were valued. Students' techniques and posture were observed and corrected by the
trainer as appropriate. The use of typewriters allowed the use of larger muscle groups with
some actions such as the carriage return and the associated duties such as the use of carbon
paper for multiple copies and other miscellaneous office work offering task variation and

work pauses.

Current work practices result in less variation in tasks, and many more workers use a
keyboard, regardless of skill levels. Workers untrained in typing and completing keyboard-
related tasks may have a“hunt and peck” style of typing, using only afew fingersto press the
keys, but larger muscle groups to travel across the keyboard. Touch typists may be self-
taught, using either a computer software program, random training or books. Irrespectively,
such methods rarely contain enough information on reducing the amount of muscul oskel etal
strain experienced during task completion, but largely focus on attaining speed and accuracy.
Even when there are descriptions of “correct” posture and warnings regarding OOS
symptoms, it is difficult for most people to “see” their posture and method of work when they
are actually doing the task. Self-awareness of muscle movement is highly variable and often

inaccurate.

Ortiz et a™ stated posture is a contributing risk factor to the development of upper extremity
muscul oskeletal disorders among VDT users and that there have been few epidemiological
studies which adequately address postural measures. Cook and Kothiyal® reported that some
studies have stated that up 80% of keyboard users experienced some muscul oskeletal

problems.



In contrast, Berggvist et al, ®in their survey of 353 office workers from 1981 to 1987, found
muscul oskeletal problems were not associated with VDT work in general. However, they
found that limited unscheduled rest breaks, combined with data entry work, increased the risk
of musculoskeletal discomfort or disorders in the neck and shoulder region. Arm and hand
discomfort was increased when the keyboard was too low (generally below elbow position).
VDT users who worked more than 20 hours per week were more prone to intensive neck and
shoulder discomfort if they had a history of often suffering “stomach reactions’ and if their
work involved repetitive movements. They also found that prolonged use of VDTswas
associated with tension neck syndrome in users who wore bifocal or progressive glasses.
Prolonged use of VDTswas also associated with arm or hand region diagnosesif the users

had limited rest breaks and no lower arm support at their workstations.

People learning new skills may exert more energy and effort whilst completing the task, and
tend to focus their concentration on outcome rather than method. This may result in learners
not noticing muscul oskeletal pain or strain symptoms in the early stages, and continuing to

complete their learning activities despite physical discomfort.

As reported by Radwin and Jeng @, numerous studies have shown that many typists exert
more force with each key press than is necessary to activate the key. It is believed that this
exerted force contributes to localised muscul oskeletal strain and pain. The amount of force
applied to depress keys is determined by a number of factors including workstation design,
typing skills, individual and psychosocial factors and the actual keyboard characteristics,
particularly the type and timing of key press feedback, whether auditory or tactile.

Radwin and Jeng ® studied the amount of force applied to keys by measuring the distance
and force that keys are depressed to complete a key switch task. The keys used in the test had
auditory and visual feedback of successful strikes. The authors defined the different parts of
the key travel and key press sequence, with “make point travel” being the key travel necessary
to activate the key, and “over travel” being the maximum travel akey can be depressed
beyond the make point travel until the key hits bottom. Results showed that when the amount
of “over travel” wasincreased from 0.0 to 3.0 mm, the amount of force exerted decreased
substantially (by 24%) and the key-tapping speed increased (by 2%). They also found the



key-tapping rate increased (by 2%) when the key travel for activation was reduced (from 4.0
mm to 1.0 mm). Thus, typing became more efficient when the key press distance required to

activate a key was decreased and the amount of movement after key activation was increased.

Feuerstein et al ® also found that 48 typists exerted 4-5 times the amount of force required to
operate the keyboard and concluded that using excessive force whilst typing on a computer

keyboard may contribute to the severity of upper extremity symptoms.

However, and perhaps paradoxically, Pan and Schleifer®® found that in their study of 43 data
entry transcribers lower key press forces were associated with higher right hand discomfort
and that slower typing speeds were associated with higher levels of right shoulder discomfort
and fatigue. They stated thiswasin contrast to biomechancial theories suggesting

muscul oskeletal discomfort is positively associated with key press force and key press rate
(speed). These results may have been due to workers altering their keying style in response to
increased discomfort and fatigue. The authors concluded that muscul oskeletal discomfort was
cumulative, peaking at the end of the workday, and that other factors such as psychological
stress reactions, posture, task duration and fatigue may be important contributing risks.
Australian Standards provide design guidelines for input devices. In particular, AS3950.1*%,
AS3950.2® and AS3950.3? (1990) list recommendations relating to workstation design and
equipment. AS3950.3® relates to keyboard and mouse input devices, and defines the
amount of force that should be applied. Many of the Australian Standards relating to
workstation design were developed in the late 1970’'s. Some of these have been withdrawn®@”
#) while others have been superseded with Standards dated 1996°*". Evans® discusses
problems associated with the use of the “older” Standards where technological advances have

rendered many recommendations obsol ete.
Computer mouse
Cook and Kothiyal “” found that computer mouse users worked with their shoulders

outwardly rotated more often than keyboard users (81% of the time, compared with 65% of

the time, respectively). Cooper and Straker ®® found that mouse users experienced higher



muscular loading on the anterior deltoid muscle and lower loading on the upper trapezius

muscle, compared with keyboard users.

Cook and Kothiyal ®” maintain that computer users tended to use their arm muscles
constantly. Typically, there was dynamic use of the small muscles of the hands and forearms,
and continuous use of the supporting postural and stabilising muscles in the arm, shoulders,
trunk and neck. Computer mouse users tended to have unilateral movements — they flex,
abduct and externally rotate the shoulder on one side of the body only. They also stated that
muscul oskeletal symptoms were increased when computer operators used a mouse beside the
numeric keypad attached to the computer keyboard as this increased the reach distance to the

mouse from the midline of the body.

Karlqvist and Hagberg “? reported that mouse users spent long periods of time in strenuous
working postures compared with non-mouse users. In a separate study, Karlgvist et al “V
found that mouse technique changed posture and movements compared with non-mouse
usage.

One study “? found that, by increasing the amount of tactile feedback in a computer mouse,
the speed and accuracy of use wasincreased. It could be argued that this would decrease the
error rate involved in mouse usage, and decrease accessory movements and muscle fatigue

associated with attempting to control the cursor position.

Some people using a computer mouse lean on their arms, or rest their wrist while relying on
sideways movements of their wrists and fingers to direct and control the mouse. These types
of movements and sustained postures have been shown to increase the risk of musculoskeletal
strain and pain. Working in postures with the arms abducted (away from the side of the body)
and externally rotated (turned away from the body) has been shown to increase the risk of
muscul o-skeletal symptoms. Cook and Kothiyal® found that mouse users were more likely
than keyboard users to have muscul oskeletal symptoms possibly due to the distance of the
mouse from the centre of the keyboard, and that removal of the numeric keyboard for mouse

usersis helpful in reducing this reach distance.

Karlqvist® found that the standard office VDU workstation designs did not facilitate non-

keyboard computer input devices, and the design of the keyboard didn’t assist mouse usage.



This study suggested that workstations should be adjustable to allow work from a seated or
standing position, and that the work surface should be positioned so that the arms can be
supported. The equipment should be positioned to prevent extreme shoulder external rotation.
Another problem associated with the use of the computer mouse in a standard workstation is
user hand dominance. Most workstations are designed for right-handed users, forcing left-
handed users to place the mouse on their right side. Hoffman et a“ compared 10 left-handed
and 10 right-handed computer mouse users task performance when using aright handed
mouse. They concluded that left-handed users were not significantly disadvantaged when
forced to use a computer mouse with their right hand, and that they were often equally skilled
with their left and right hands. This study also confirmed left-handed users were superior to
right-handed users when using their non-preferred hands, possibly relating to their need to

develop dexterity skills with their non-dominant hand in daily life.

Fernstrom and Ericsont” compared the use of a computer mouse with a Trackpoint device—a
small button (or joystick) inserted close to the middle of the keyboard. They found that the
use of the Trackpoint was associated with decreased shoulder muscle but increased hand,
finger flexion and forearm muscle load, and that use of the computer mouse was preferable to
keyboard-only use. They also found handwriting increased the load on the muscles of the

forearm.

Burgess-Limerick et al® studied the wrist postures adopted by twelve subjects when using a
computer mouse and compared thisto wrist postures adopted when using atrackball. Wrist
flexion/extension and ulnar/radial deviation were measured. Their results showed that users
experienced considerable exposure to extreme ulnar deviation (greater than 10°) and some
exposure to extreme wrist extension (greater than 30°) when using a computer mouse. They
also found there was reduced exposure to extreme ulnar deviation when using atrackball, but
this was countered by increased exposure to extreme wrist extension in some of the subjects.
These authors concluded that there was so much individual variability in the postures adopted
when using these devices that it was difficult to absolutely advise regarding the benefits of

these input devices when compared with each other for prolonged use.

Workers should have access to aternative styled input devices. These include foot, head, eye

or voice operated mouse units, vertically oriented mouse controls (similar to a*“joy stick”



design), use of function keys and macros to avoid single handed data and editing input, tracer
balls, pen “mouse” and right- and left-handed equipment. Software programs should be
designed to allow users alternative key strokes for input. Thus, by changing the method used
to complete the task, fatigue and static muscle loading on the same muscle groups can be
reduced. It would be helpful if larger organisations could provide arange of input devices for
staff to trial before deciding on a particular unit to purchase for individuals. Although some
of these devices may be difficult to access, the Internet has a number of sites“®*” which

describe (and sell) some of these units.

It seems that workers who predominantly use a computer mouse find it easier if the mouse
and mouse pad are close to the body — either just to one side, or towards the middle. Thisis
obvioudly difficult if the full 101 style alphanumeric keyboard is used. However, using a
narrower board, e.g. without the numeric keypad fixed to the side of the keyboard, seems a
reasonable compromise. It can be difficult to obtain such keyboards, however. An aternative
isto temporarily remove the keyboard from the immediate workspace whilst mouse tasks are
completed, and to allow mouse users a number of styles of devices, if possible for use with
either the left or right hand. It must be noted that accuracy and speed may suffer when
attempting to use an alternate input device until competency and skill are learned.

It isimportant to consider that the times workers are more likely to need alternate devices due
to increased work load are often accompanied by an attitude that there is less time to consider

and practice the basic ergonomics work principles of pause breaks and task variation.

Ergonomics-styled keyboards

A number of Ergonomics-styled keyboards have been introduced recently. These are
becoming more popular with users as an alternative to the standard computer workstation
keyboard. The keyboards may be split or divided so the left and right hand keys are
separated, and/or may be sloped in some way. Some include a mouse device — usually either
atrack ball or touch pad. The theory supporting the use of these keyboardsis that the fingers,
hand and wrist angles change with wrist movements, and that the sloped keyboard reduces the

amount of forced rotation and deviation of the fingers and hand with typing tasks.



Most of these keyboards tend to have the keys located in the same position as on the standard
“QWERTY” keyboard, named after the first six letters on the third row of keys. This
configuration was developed to stop typewriter hammers jamming during typing. An
alternative “ Dvorak” keyboard“® is available, which has the keys arranged according to
statistical frequency of use in the English language, resulting in almost equal use of left and
right fingers, and fewer words needing to be typed with single hand reaches. Various
authors“**Y have discussed and surveyed the use and merits of the different keyboard designs
in terms of productivity, physical comfort and risk factors during task performance. Some®?
suggest the use of the split keyboard helps to reduce wrist deviation during typing tasks, and
most state that speed and accuracy rates recover fairly quickly after theinitial training time.
A 1993“9 study comparing the Dvorak and QWERTY keyboards found:
» 70% of typing is completed on the home row of keysin the Dvorak keyboard compared
with 31% in QWERTY;
» the Dvorak keyboard has 35% more right hand reaches, 63% more same-row reaches,
45% more alternate-hand reaches, and 37% less finger travel than the QWERTY
keyboard.

Many users may request, or may be advised to obtain, access to different styles of keyboards.
This may be particularly relevant for workers whose duties involve repetitive and exclusive
use of akeyboard. The alternative keyboards are often difficult to obtain and may be more
expensive. Many word processing packages apparently can be customised for the Dvorak
keyboard, with either stickers attached to the existing keys, or the existing letters from the
keyboard may be re-arranged by lifting the tops off the keys. The now superseded Australian
Standard AS 2287 — 1979%" was written with respect to the QWERTY keyboard, and is
referred to in AS 3590.3 — 1990“? as the basis for the arrangement of al phanumeric characters

on the keyboard.

Wright and Andre® surveyed 424 users in business, educational and government office
settings on the use of differently styled ergonomics keyboards. They concluded that over 80%
of usersfelt that their alternative keyboards were preferable to standard keyboards. Some said
the alternative keyboard allowed them to continue working when they would otherwise have
been unable to or that they would have undergone surgery had it not been for the use of the

aternative keyboard. Other usersfelt that using split, sculpted and adjustable keyboards



improved their posture and comfort, and that they experienced |less pain associated with their
work when using these keyboards“?. Thisview is supported by Gerard et al®® who found
similar results when investigating the use of alternative keyboards. They reported that users
experienced decreased muscular activity in maintaining their resting posture and decreased

muscular effort in typing.

However, Fernstrom et al ®? found that the muscular load on the forearm and finger muscles
during keying tasks was not influenced by an “angled” keyboard. Swanson et a® reported
that there were no significant differences between the use of aternatively styled keyboards
and standard keyboards on the user’ s experience of musculoskeletal discomfort. They
evaluated one standard and four alternative QWERTY keyboards over two days and
concluded that the use of the alternative designs had only a minimal impact on productivity,
comfort and self-reported fatigue after two days exposure. They also suggested that skilled
typists would regain their typing rates and accuracy fairly quickly when using an aternative

keyboard.

NIOSH® has produced a publication to offer guidance for users when selecting alternative
keyboards. These guidelines include compatibility with existing software, work organisation

factors and training effect.

Many keyboards have afixed wrist rest, with the bottom row of keys placed some distance
from the front edge of the keyboard. These are usually rounded but may encourage usersto
lean their wrists on these rests forcing wrist extension to reach the keys. Some researchers
suggest that leaning the forearm on a hard or ridged surface (such as the edge of the desk or an
ill-shaped wrist rest) may increase the risk of musculoskeletal symptoms as this may reduce
the blood flow to the compressed area®®. Dickerson and Erdil®® referred to an ANS
document and mentioned pressure within the carpal tunnel can be increased by wrist extension
greater than 15°. They also stated there is little scientific evidence supporting the use of wrist
(or palm) rests during keyboard-related tasks and that use of wrist rests during speed typing
tasks may inhibit wrist flexion. Wrist rests should therefore be supplied as optional

equipment depending on an individual’s preference.



The use of alternative keyboards may not redress the issues confronting all keyboard users —
i.e. whether work organisation factors are appropriate for the work tasks, and whether the use
of such aternate keyboards will reduce the risk or rate of OOS-type symptoms. Since novice
users of different styles of keyboards require atraining period, work productivity may suffer

as aresult of the introduction of such technology.

Notebook and laptop computers with flat panel displays

Many workers are now using notebook or laptop computers for at least some of their work.
These computers tend to be lightweight and easily transportable. They require less energy and
space, and emit less noise than desktop computers. Notebook and laptop computers generally
have fixed keyboards attached to the screens, and must be kept open when operating. The
angle of the screen can be altered to some extent during work. Glare and reflection onto the
screen are common problems and seem to be related partly to the type of screen used. Users
with passive matrix screens are more likely to experience difficulties with lighting, glare and
reflection than users with the more expensive active matrix screens. The “mouse” input
device may also be unsatisfactory. There are a number of styles of input device, each with its
own problems”. The touch pad can fail after some time, the track ball may be located in an
awkward position on the keyboard, and the “ Trackpoint” or “Easy Point” button can be very

difficult to direct, particularly for users with large fingers.

Many notebooks and laptops have built-in wrist rests, so the actual keys are some distance
from the front edge of the keyboard. The design of the keyboards may be smaller than
standard keyboards, and the configuration of individual keys may be different. The numerical
keyboard is often absent, and there may be fewer “function” keys than on standard keyboards.

This may contribute to muscul oskeletal symptoms in some users.

Some workers use the notebook or |aptop as the main processing unit and plug thisinto
standard monitors and keyboards once in the office. Others use these for “convenience” when
working away from the office or to increase their working flexibility, which is particularly
important for workers who travel frequently. There has aways been an ergonomics

compromise in the use of notebook computers because of the difficulty of having the



keyboard at the correct height for typing and the monitor in a comfortable position for visual

range and acuity, whilst accommodating the key features of transportability and durability.

In general, notebook or |aptop users must decide whether they wish to optimise the
workstation for their hands and typing tasks, or their visual comfort. This may resultin a
predisposition for OOS-type symptoms in their hands, wrists, shoulders, neck and back, or

eye strain, unless the notebook is used with supplementary equipment.

Saito®" et a studied the working posture of computer users, comparing the same task
completed by ten subjects on both a notebook computer and a desktop computer. These
authors found that the characteristic features of notebook users were work postures involving
short viewing distance from the screen, and forward inclination of the head associated with
the viewing angle of the screen. Neck muscle EM G readings were higher for the notebook
computer user than for the desktop computer user, due to the forward inclination of the head.
The authors claim that the shorter viewing distance and increased angle increased the risk of
visual disturbances such as transient myopia, visual fatigue and changes in accommodative
response. They found that the average viewing distance for the notebooks was shorter than
the resting point of accommodation and vergence for the eyes. They found fewer changesin
the head angle with notebook use, which they believed may have be attributed to the smaller
screen size, allowing more coverage of the screen by eye movement alone, rather than eye and
head movements combined. This may be helpful in reducing some muscle strain, but may
increase the risk of static muscle loading and the associated musculoskeletal strain and pain
symptoms.

Saito et a ©” concluded that the visual and muscul oskeletal workloads caused by poor posture
associated with use of the notebook computer were greater than with a desk top computer.
However, because the screen on a notebook is lower than the desktop computer, thereisa

physiological advantage associated with the resultant downward gaze.

The results of this study were supported by Straker et a®® who found statistically significant
postural differences in users when comparing use of alaptop and desktop computer. These
authors reported users had increased neck flexion and head tilt when using the laptop
computer. Neck protraction was increased but this increase was not significant. There were

no significant differencesin the users' trunk, shoulder, elbow, wrist, scapula and neck



retraction angles when using laptop computers. Seventy-five percent of the subjects of this
study reported visual fatigue after 20 minutes use of the laptop, which the authors attribute to
postural changes and eye fatigue. They concluded |aptop computer use tends to increase the
users neck and shoulder stress, contributing to greater physical discomfort, and that
prolonged use of alaptop computer has the potential for increasing muscul oskeletal disorders.
Thus, prolonged use of the laptop computer should be avoided, and the use of this type of
equipment should be limited to short periods.

It is difficult to determine the level of usage of notebook computers. Villanuevaet a® state
that 3 million notebook computers were marketed in Japan in 1997 alone, representing 40% of
the total computer output for that year. In their study of 10 computer users, a comparison of
posture and comfort across four computers (3 notebooks and one desktop) found significant
differences between the use of notebook computers and desktop computers. Specifically, the
smaller the screen on the notebook computer the closer the user sat to it (shorter viewing
distance), the greater the degree of backward tilting of the screen, and the lower the monitor
height. Users had greater viewing and neck flexion angles, more constrained postures and
greater forward inclination of the trunk when using the smallest notebook computer. The
authors also noted that the desk edge was used “more effectively” as aforearm rest when the
smaller notebooks were used. They also noted greater inward rotation of the shoulders whilst
using the smaller notebooks rather than the desktop computer. They found that the greatest
number of test subjects complained mostly of musculoskeletal discomfort in the neck,
shoulder, elbow and wrist areas and complained of eye discomfort when using the smallest
notebook. They concluded that visual discomfort associated with the use of this type of
computer was likely to be due to problems relating to the type of screeni.e. the luminance,
contrast and screen uniformity, glare and reflection, and height above the work surface, which

contributed to the lower viewing angle.

Taken together, the above studies suggest that, where possible, it is preferable for usersto
attach standard keyboards, mouse type input devices and/or monitors when working with
notebook computers. This should allow needs for both visual and physical comfort to be
addressed, thus decreasing the risk of musculoskeletal and visual discomfort associated with
the use of thistype of equipment.



Large Screen Computer Technology

Many industries, such as telecommunications and insurance/finance sector companies, are
introducing large computer monitors for more efficient data handling. These monitors are too
large (too deep and often at the incorrect height) to fit standard workstations. Some monitors
measure 480mm in depth compared with 360mm deep for older monitors. As many desks
used for computer work are 600 mm deep (rather than the preferred and recommended 900
mm)®* % the available desk space istaken by the monitor. The keyboard (often 170 mm
deep) is either placed directly in front of the monitor (with some overhang on narrower desks)
or to one side, forcing the user to adopt atwisted posture at their work. Additionally, these
monitors are often placed in existing workstations in the same configuration as the smaller,
older units (i.e. on top of the computer processing unit on top of the desk), rather than more
appropriately on the desk top. Thisresultsin the top edge of the monitor being above the
user’s eyelevel, and much closer to their eyes than suggested for visual comfort. An
aternative system isto place the CPU on the floor, preferably in tower, or mini-tower
configuration. Easy access to the floppy disk drives of the computer system should be

ensured, if necessary.

Workers may be at risk of occupational overuse injuries, musculoskeletal strain and eye strain
and fatigue whilst completing their work. Insufficient desk space has been associated with
tension neck syndrome and neck/shoulder discomforts®. Berqvist et al © identified that the
lack of adjustability of equipment (height and placement) was associated with shoulder and

neck problems as well as hand and arm problems.

Villanueva et al ®? assessed EMG readings associated with the working posture adopted by
ten desk top computer users whilst completing mouse-driven tasks in a computer game. They
adjusted the monitor height to three levels, measured from the floor to the middle of the
screen i.e. 800mm, 1000mm and 1200mm, whilst keeping other variables such as desk and
chair heights constant. They found increased monitor height was significantly associated with
amore backward-leaning trunk posture and a more erect neck posture. They also stated it was
likely that there would be a reduced biomechanical load on the muscles of the neck with the
more upright posture. Further, these authors suggested that it was likely that undesirable

positions of the upper back and trunk may increase the muscular load on the shoulder. Thus,



improving the posture with the height of the video monitor may decrease the risk of

muscul oskeletal problems associated with computer work.

Some authors have reported that reclining postures reduce the amount of biomechanical oad
on the muscles of the back and the vertebral discs at L5/S1 (the fifth lumbar vertebra and the
first sacral vertebra) % and at L3 when using a backrest®®. This posture may be more
relevant for seating when travelling or relaxing as it may increase the reach distance for desk
work. An alternative posture for office work involves tilting the seat pan forwards to reduce
hip flexion; however, this may result in increased flexion of the upper thoracic and cervical
spines when working at written tasks. Inthiscase, it is sensibleto tilt the desktop forwards
about 5° to decrease the amount of upper torso and neck flexion whilst preventing items
rolling from the desk ®”. Straker et al®® mentioned that whilst there was continuing debate
regarding the most preferable sitting posture, there tends to be consensus regarding the need

for minimal shoulder and neck flexion.

Large screen technology may compound the problem of eyestrain associated with VDT use,
due to the lack of space on standard office workstations for this equipment. Userstend to sit
closer than visually comfortable in order to reach the keyboard on a“too narrow” desk. The
height of these screens may also be difficult to adjust, as standard monitor arms may not be

wide enough to support the larger monitors.

Eye Strain

Office workers have complained of eyestrain associated with the use of VDT’ s for many
years. Many factors contribute to this, including natural aging of the lens of the eye, and the
fact that the ciliary muscles around the eye may “freeze” with constant focus on the computer
screen®. Lie and Watten® found that VDT users experienced negative changes in ciliary
and vergence muscle capacity, when compared with non-VDT users. Bergqvist and Knave®
found use of VDTs was associated with increased occurrence of eye discomfort symptoms.
The increasing number of people working with VDTs combined with an aging workforce may
contribute to the problem of more workers suffering eyestrain, particularly as visual acuity

deteriorates with age.



Ideal ergonomics workstation design and layout is based on the relationship between the
individual users persona anthropometry and characteristics (such as age and the type of
glasses worn) and work factors such as the type of VDT equipment, the design of the office
work area and work organisation. The amount of ventilation and lighting has also been shown
to be asignificant factor ®, Wallinet al®® found the use of “computer glasses’” whilst
working with VDTs was associated with reduced VDT-related ocular symptoms.

The critical elementsin designing a computer workstation for visual comfort are the height of
the monitor (the viewing angle) and the distance of the monitor from the user . Jaschinski
et al ® studied atotal of 22 computer users at a telephone assistance office. All users wore
telephone headsets and used identical equipment with fully adjustable workstations with
height and viewing distance controls. Datatyped by the study subjects appeared on the
bottom line of the monitor, and information provided by the database and relayed to clients
appeared in the upper part of the monitor. None of the subjects wore near-vision glasses and

all were under 45 years of age.

This study revealed that operators experienced more eyestrain if they viewed the monitor in a
more horizontal plane, rather than with lowered gaze. The authors® mentioned that,
physiologically, near vision tends to be achieved by looking lower than the horizontal plane,
and distance vision tends to be viewed in the horizontal plane. They argue that the human
visual system may have been adapted to these conditions. The study found eyestrain was
influenced by the relationship between viewing distance and viewing angle, rather than visual
acuity and character size. Results aso showed the higher the screen height, the greater the
amount of eyestrain users experienced. Thiswas particularly significant when the screen was
closer to the eye. Jaschinski et a ® concluded that in order to avoid eyestrain, a high and near

screen should not be used.

However, they also identified that these less than ideal conditions often exist in office
workstations, particularly if the monitor is placed on top of the computer processing unit.
They found that subjects who worked at a viewing distance closer than their personal
preference experienced greater eyestrain and visual discomfort. The range for viewing
distances was 600 mm to 1000mm and a vertical angle of inclination ranged between

horizontal and -16° (downwards). It must be noted that this study described one type of task



only, and did not include duties involving reference to hard copy or other materials whilst

typing.

Kumar ™ cites a study which found that muscul oskeletal problems associated with computer
use increased if the user wore bifocal glasses whilst working at the computer. Kumar
studied ten desk top computer users who wore bifocal glasses to determine the most
appropriate monitor height. The top portion of the glasses was blacked out so users could
only view the screen from the lower section of their glasses. EMG readings of the left and
right trapezius muscles and the left and right sternomastoid muscles were recorded for all
subjects as well as subjective discomfort ratings against three workstation designs. These
workstations were a monitor sunken into the desk and inclined to an angle of 35°, amonitor
on the desktop and horizontal to the desk, and a monitor placed on top of the computer
processing unit on the desk and horizontal to the desk. It should be noted that if the monitor
was raised above the desktop, users would have to lift their heads and extend their necks to

view the monitor out of the lower section of their glasses as the top section was covered.

The resultsof this study show that users experienced the lowest amount of muscular tension
when using the workstation with the sunken monitor. Both the subjective comfort levels and
the EMG recordings were the most favourable for this workstation design. The sunken
monitor also allowed the smallest angular visual span between the keyboard and monitor,
which was deemed helpful to users who were not touch typists as they did not have to

continuously move their head and neck to view either the keyboard or the monitor™.

Burgess-Limerick, Plooy and Ankrum™ investigated the optimal monitor height in relation to
tracking tasks involving a mouse controlled cursor in twelve subjects aged 19-49 years. They
found changes in monitor height resulted in changes in the head inclination angle and in the
gaze angle (relative to the head). They also found users preferred to have the monitor at a
“low” height, and concluded that there were too many variablesto be able to advise an
optimal monitor height. These researchers mentioned that the head and neck unit was
basically unstable, particularly in the upright position, and that individuals may use
considerable muscular effort to support the cervical spine and maintain an upright posture.
They stated that reduced time to develop isometric fatigue was associated with the

maintenance of static positions involving neck flexion greater than 30°.



In another study, Burgess-Limerick et al™ investigated twelve subjects aged 21-30 years
completing word processing tasks with the computer monitor at a“low” height and at “eye
level”. Results of this study showed that the lower monitor height increased the amount of
head flexion relative to the neck in the subjects, but did not change the position of the neck
relative to the trunk. The authors concluded that postures adopted by computer users may be
an attempt to compromise between visual discomfort (due to higher gaze angles than
individually preferred) and physical discomfort from maintaining postures with lower cervical
flexion and upper cervical and atlanto-occipital extension. They suggested monitors should

be placed in work stations so the user had the “top of the monitor” lower than eye height.

It isimportant to consider all elements of the work duties when formulating workstation
design and use. Copy typing requires different equipment to typing from a dictaphone, and
thus the workstation design considerations vary. It isalso important to consider users health
status. For example, ahistory of arthritis or spondylitisin the cervical or thoracic spine may

influence posture and therefore visual and muscul oskeletal comfort.

Training programs

Whilst preventive programs are an important element in reducing the risk of OOS, it is
important to determine the appropriate type of program, and to monitor the implementation of
these programs. One study ™ found that using a self-administered training program as the
only source of intervention did increase the users' awareness of work-related problems, but
that the amount of work-related physical symptoms also increased due to the difficulty

workers experienced in implementing appropriate solutions.

Many businesses use tuition software programs to teach the user skills associated with the use
of the program, or competence in other tasks such as typing. Quealy and L angan-Fox ¥
addressed issues relating to the content and style of computer-assisted instruction programs.
Workers' attitudes to their computer work and the type and amount of computer training
received has been shownto contribute to health problems including respiratory,
cardiovascular, musculoskeletal and eye strain symptoms and self-rated depression,

particularly in users with type-A personalities ™.



It isimportant that users take adequate rest pauses when using these programs. It is especially
important when the program has a timed assessment component, such as touch-typing. Inthis
case, users often continue to type despite discomfort, as they believe breaks during the
assessment part of the program will have a detrimental effect on their typing rate. Many
programs do not contain adequate warnings about overuse strain or easily accessible points of
exit. Other problems associated with the use of these programs in the workplace include the
users frustration with their own lack of skill in using these applications. Explanations for
some training examples and situations encountered in the use of these applications may also
be a problem for self-directed learning, such as may be found in statistical package training
programs. Another problem for managers and supervisors may be the inappropriate use of the

programs in work time, so worker’s productivity decreases.

Any customised training program should address these issues. In particular, there should be
easily accessible exit points so that users can “escape” |oops, and performance assessments

should not be compromised by users pausing or exiting the test earlier than planned.

Speech Recognition Programs

Speech recognition programs (software applications which allow usersto “talk” to the
computer) are now being used as an alternative to manual input of data and text in some
situations, in particular for users with disabilities e.g. paralysis, spinal cord injuries, visual
impairment and OOS. There are different types of programs available: full dictation
applications allow users to dictate text which is typed by the software program “® and
navigation systems allow usersto state simple commands (e.g. “open file.”) to direct the
software program ", The user would still type and complete manual data entry in navigation

systems.

Users may find such relatively new technology to be wanting at this stage, although it is very
promising. Thereisusualy aneed for more powerful hardware and greater memory to allow

these programs to be used efficiently.



It isimportant for potential users to determine their needs, and ascertain whether the current
abilities of speech recognition programs are appropriate. 1ssues to be carefully considered
include all parameters of the work to be completed, all applications simultaneously in use, al
shared applications in a networked environment and any resident memory needs. Thisisvital
to determine the hardware and memory power required, and any potential for incompatibility
with existing software. Some problems currently associated with the use of speech
recognition programs include:

» thecost of the software may be excessive, and the need for powerful hardware to run the
programs may result in further expense being incurred to upgrade systems;

» error correction procedures may be awkward and slow, therefore the system may be
frustrating!™ for users;

* some programs require the user to speak very slowly, making them tedious to use;

» the programs may only recognise the voice and pronunciation of one user. Many
workstations are shared, and peopl€’ s voices may change (e.g. with ahead cold, or when
tired etc.)

» they may be incompatible with other applications or the program driver (DOS, Windows,
NT or OS2 etc.) and thus cause user problems; and

» there may beinterference for other workers (and the software) when used in open office

configurations.

Miscellaneous OOS issues

Some studies® have identified other more general risk factors that may contribute to the

development of OOS. These results include:

* aweight gain of about 6 Ibs. (2 _kg) increased the risk of OOS by 8%

» having aprevious musculo-skeletal condition was positively correlated with the
development of OOS;

* poor autonomy at work, and work tasks involving repetitive bending of the hand or wrist
were associated with the development of awork-related disability; and

* being exposed to vibration and low temperatures, |ocalized mechanical stress, highly
dynamic movements, repetitive, sustained and forceful exertions and/or working in

awkward postures.



Discussion

Of the thirty-nine published studies on physical responses to work environments reviewed in
this paper, ten involved sample sizes of up to 10 subjects, although one study considered 10
subjects who acted as their own controls for each of five test conditions. Thirteen of the
reviewed papers reported studies of 12-25 subjects, three reported studies of 36-43 subjects
and three reported studies of 57-79 subjects. The remaining ten papers reviewed involved
sample sizes of more than 150 subjects, with four being questionnaires alone and the

remaining six involving questionnaires and medical and/or workplace investigations.

Thisillustrates the difficulty in completing “real world” studiesin existing workplaces with
large sample sizes, partly due to problems of gaining access to workplaces and subject
compliance. It may therefore be difficult to find statistically significant results and to
generalise the results of these studies across larger user populations. However, the results of
the studies are useful as they indicate factors to be considered in implementing ergonomics

interventions.

The difficulty in completing large studies combined with rapidly changing technology and
work practices suggests that ergonomics guidelines should regularly be reviewed in regard to
these changes. New technology is being introduced at arapid rate, as businesses re-organise
the manner in which work is completed with the aim of increasing productivity and
decreasing costs. Thereisan increasing reliance on computerisation for many tasks, but
opportunities for task variation that allow workers to use different joints and muscle groups
arelimited. Thisincreases the amount of anatomical and physiological stress and strain on
the musculo-skeletal system by introducing repetitive tasks and removing alternative work-
related tasks that can act as pause breaks.

There are many factors that should be considered in addressing this issue:

» work processes and procedures continue to involve components of repetitive tasks;

» work organisation impacts on workers' autonomy and productivity, making it difficult for
workers to take pause breaks when necessary to decrease muscul o-skeletal strain and pain;

» changesin technology occur at arapid rate;

* businesses implement new technology in workplaces designed for existing technology;



» ergonomics associated with workstation and task design must be considered; and
* many workers are working longer and taking fewer breaks in an attempt to maintain their

employers’ market competitiveness and their job security.

Workplaces should have an appropriate policy regarding work breaks. Aborg et al (1998)©
performed a study of office workers in which work factors and task performance were
analysed. They concluded that many of the breaks in work tasks due to interruptions were not
long enough nor dissimilar enough to normal work tasks to achieve good muscular rest. They
stated that work organisation factors should promote task variation so employees can achieve

adequate physical and mental breaks.

Advice regarding job design (ergonomics) and work organisation factors has been available
for sometime. It issuggested that work design should allow an increase in recovery time and

frequent small breaks rather than one occasional long break. ©

Aborg et a ® concluded that work duties and physical work load should be distributed
throughout the working day, allowing a range of activities to be integrated as part of normal
task organisation and structure. Thiswould provide maximum benefit to the workers by

reducing the risk of overuse symptoms and increase task performance.

Conclusion

It should be considered that most of the above reviewed articles do not mention the

muscul oskeletal health of the subjects. Most study subjects are “real world” workers and
should therefore be representative of the general working population complete with the full
range of abilities and disabilities. However, there are many musculoskeletal conditions which
may impact on an individual’ s ability to complete tasks, and to be able to use the full range of
any available adjustable furniture. For example, workers suffering osetoarthritic changesin
their neck may be forced to place a computer and monitor in a particular configuration
irrespective of their preferred gaze angle and visual acuity. Similarly, those with some visual
deficits may compromise their muscul oskeletal comfort in order to maximise their visual

acuity. Working with non-work-related soft tissue injuries may contribute to performance



compromises which in turn may contribute to the development of work-related

muscul oskeletal injuries.

The basic ergonomics paradigm of detailed task appraisal and assessment of the worker in
their work environment, including work organisation factors, anthropometry, task demands
and work rates, and physical workstation design and equipment, is the most appropriate
method for ergonomics evaluations. It isimportant to consider al aspects of the worker in
their work environment, including health status and physical limitations regardless of whether
these are work-related, in order to provide the best advice possible, with the aim of achieving

durable results.

However, suggesting that a particular design will suit all usersis fraught with problems.
There appear to be few measures that suit all users, so the best approach isto design for
adjustability. If it isabsolutely necessary to provide fixed conditions, it may be prudent to
design around the most frequently completed task, with the understanding that this too may

change with time.
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