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Fitting The Workplace 
To The Human 

And Not Vice Versa 
By K. H. E. Kroemer 
Virginia Tech 

T he human is the most important 
component of a system since she 
or he drives the Output. Hence, the 

human must be accommodaicd first: the 
design of the workplace components 
should fit all Operators and allow many 
idiosyncratic variations in working pos-
ture. The myth of "one healthy upright 
posture. good for everybody, anytime" 
must be abolished. 

Healthy sitting 
In 1884, Staffel published his theo-
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ries about "proper" sitting postures and 
deduced from these recommendations for 
seat and furnituredesign. His opinion was 
that "sitting "with an upright trunk means 
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sitting healthily," which was based on the 
coneept that the spinal column of the 
sitting person should be "erect" or "up-
right" (a contradiction in terms because it 
is actually curved, in the side view) simi-
lar to that of a "healthy normal upright 
standing" person. Special emphasis was 
placed on maintaining a "normal" lumbar 
lordosis. This posture was believed to put 
the least strain on the spinal column and 
its supportive struetures, including the 
musculature, and it was considered "so-
cial ly proper." Recommendations for the 
design and use of scats were based on this 
desired posture. These ideas about suit-
able posture and furniture were repeated 
in the literaturc, apparcntly without much 

questioning or contradiction, until 
the middle of this Century. 

Each vertebra rests upon its 
lower one cushioned by the spinal 
disk between their main bodies, and 
also supported lateral-posleriorly in 
the two f acet joints of the articulation 
processes. Since the downwardpull 
of vertical trunk muscles generates 
disk and facet Joint strain (in re-
sponse to upper body weight and 
external forces) one should expect 
close relationships between trunk 
muscle activities and disk pressures. 
In the 1960s, experiments were per-
formed in Scandinavia where pres-
sure transducers were placed into 
spinal disks. These experiments 
showed that the amounl of intra-disk 
force in the lumbar region was de-
pendent upon trunk posture and Sup-
port, 

When standing atease, the forces 
in the lumbar spine are in the neigh-
borhoodof 330 newton(N). This force 
increases by about 100 N when sit-
ting on a stool without backrest. It 
makes little difference if one sits 

erect with the arms hanging, or relaxed 
with the lower arms on the thighs. Thus, 
there is an increase in spinal compression 
force in the lumbar region when sitting 

down from standing; but the differences 
among sitting postures are not very pro-
nounced. About the same force values 
were found when sitting on an office chair 
with a small lumbar support. Sitting with 
the arms hanging, writing with the arms 
supported on the table and activating a 
pedal lead to forces around 500 N. The 
spinal forces are increased by typing, 
when the forearms and hands must be 
lifted to keyboard height. (A further in-
crease is seen when a weight was lifted in 
the hands with forward extended arms.) 
None of these postures make use of the 
backrest. However, if one leans back de-
cidedly over a small backrest, and lets the 
arms hang down, the internal compres-
sion forces are reduced to approximately 
400 N, 

Fipre 1 shows the effectof backrest 
use even more dramatically. When the 
backrest is upright, it cannot support the 
body, and disk forces between about 350 
and 660 N may oecur. 

Declining the straight backrest be-
hind vertical brings about dramatic de-
creases in internal force, because pari of 
the upper body weight is now transmitted 
to the backrest and hence does not rest on 
the spinal column. An even more p r o 
nounced effect can be brought about by 
making the backrest protrude towards the 
lumbar lordosis. A Protrusion of fivecen-
timeters nearly halves the internal disk 
forces from the values associated with the 
flat backrest; protrusions of four to one 
centimeters in the lumbar region bring 
about proportionally smaller effects.. 

In a series of more recent studies, 
disk pressures were measured and calcu-
lated for various desk tasks and for sitting 
and standing postures. One of the conclu-
sions was: "In a well-designed chair the 
disk pressure is lower than when stand-
ing." If the backrest consists only of a 
small lumbar board, a dramatic beneficial 
effect requires that one nearly "drapes 
oneself on it" by leaning backwards over 
it. Even a large backrest that can support 



the total trunk is nearly useless when 
upright, but highiy beneficial when dc-
clined backward behind vertical. Its posi-
tiveeffecisaredramaticallyenhancedifit 
is shaped to bring about the S-curve of the 
spinal column, particularly the lumbar 
lordosis. 

Relaxed leaning against a declined 
backrest is the least stressful sitting pos-
ture. This isa condition that is often freely 
chosen by persons working in the ofiicc if 
thereis a suitable backrest available: "...an 
impression which many observers have 
already pereeived when visiting Offices or 
Workshops with VDT Workstations: Most 
of the Operators do not mainiain an up-
right trunk posture.... In fact, the great 
majori ty of the Operators lean backwards 
even if the chairs are not suitable for such 
a posture." 

Free posturing 
Currently, no one simple theory about 

the proper, healthy, comfortablc, efficient 
sitting posture at work prevails. With the 
idea abolished that everybody should sit 
upright, and that furniture should be de-
signed to this end, the general tenet is that 
many postures may be comfortable de-
pending on onc's body, preferences and 
work activities. Consequently, it is now 
generally presumed that furniture should 
allow many posture variations andpermit 
easy adjustments in its main features, 
such as seat height and angle, backrest 
Position, or knee pads and footrests; and 
thatthe Computer Workstation shouldalso 
allow easy variations in the location of the 
input deviecs and of the display. Thus, 
change, Variation and adjustment to fit the 
individual appear central to well-being. If 
any label can be applied to current theo-
ries about proper sitting, it may be "free 
posturing." 

The free posturing design principle 
has these basic idcas: 

• Allow the Operator to freely assume 
a variety of sitting (or standing) postures, 
make Workstation adjustments, and even 
to get up and move about; 

• Design for a variety of user dimen-
sionsandfora variety ofuser preferences; 
and 

• New technologies develop quickly 
and should be usable at the Workstation. 
(For example, radically new keyboards 
and input devices including voiee recog-
nition may be available soon; display 
technologies and display placement are 
undergoing rapid changes.) 

The Office Workstation 
Suceessful ergonomic design of the 

Workstation in theofficedepends on proper 
consideration of sevcral interrelated as-
pects (Figurc 2). The work task, the work 

posture, and the work activities all inter-
act. and areinfluenced by the Workstation 
conditions including furniture and other 
equipment, and by the environment. All 
of these must fit the person, Work pos-
tures determins to a large extent the 
person's well-being. and work activities, 

is usually only a flat surface available, on 
which the variotis objeets are placed at 
will. 

If a typewriter is used, there are sev-
eral Visual targets. One is the printing 
area, the platcn on a conventional type-
writer, the display areaon electronic type-
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of course, determine the work output. 
Naturally, the person's well-being also 
influences Performance, and nianypeople 
feel good if they are satisfied with their 
Performance. Thus, there are many inter-
actions in the relations among person, 
task, conditions and rcsults of the effort. 

There are several links between a 
person and the job. The first is the visual 
interface: one must look at the written 
matcrial, the keyboard, the Computer 
screen and/or the printed Output. The sec-
ond is manipulation: the hands operatc 
keys, a mouse or other input devices such 
as pen, paperand tclephonc. The intensity 
of the visual and motor requirements de-
pend on the specific job. A third link may 
exist between the feet and controls oper-
ated with them, such as when starting and 
stopping adietation machine. Finally, the 
body and the seat (if one is used) are 
linked at the undersides of the thighs and 
buttocks, and at the back when a backrest 
is used. These four interface areas alt have 
major impacts on the proper design of the 
Office Workstation and its components. 

The visual interface 
In conventional "paper" offices,_the 

text to beread is usually placed on the 
regulär working surface, roughly at el-
bow height. If an objeet needs to be looked 
at more closely, it is lifted to a proper 
relation to the eyes. An inclined surface 
for easierreading has been recommended 
often to make its angle with the line of 
sight closer to 90 degrees. The disadvan-
tage of the inclined work surfaces is ma-
terials sliding or rolling. Therefore, there 

writers. This is usually located somewhat 
above the height of the keyboard, and 
located fairiy well with respect to human 
vision capabilities and preferences, al-
though its display surface is very small. A 
problem has been, in many cases, the 
placemcnt of a source document from 
which text is copied. To place it horizon-
tal!}' on a horizontal surface is quite often 
uncomfortable and makes exacl reading 
di fficult. Therefore, various types of docu-
ment holders have been used that put the 
source document more vertical and closer 
to the eyes. Still, often this document 
holder is placed far to one side, requiring 
a twisted body posture and lateral head 
and eye movements. 

Proper placement ofal 1 Visual targets 
is often a problem. First, .with die large 
increase-in-the-number..of keys on most 
Computer keyboards, many Operators scan 
the keys again, while previously lypists 
were able to do their job without looking 
at the keys: Thus, the Computer keyboard 
is a rather large, nearly horizontal visual 
target area, usually placed on the work 
surface. Second, there is the display area 
of The Computer monitor (the screen), 
commoiüy placed in front of the Operator 
or at about right angles to the line of sight. 
Third, there is often some sort of source 
document from which information must 
be gleaned. Its placement causes Prob-
lems like thosc encountered by typists, 
but in some cases that source document is 
fairiy large, such as a drawing used in 
computer-aided design. 

The placement problem is partly one 
of available Space within the center of the 
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KEYBOARD DEVELOPMENTS 
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person'sfieldofview.Researchhasshown 
that people in a conventional sitting pos-
ture prefer to look downward at angles 
between 10 and 40 degrces below the 
horizon instead of looking straight ahead 
as falsely assumed in some military de-
sign guidelines. They do so by inclining 
the head forward and by rotating the eye-
balls downward instead oflookingstraight 
ahead. This appears to be a natural way of 
focusing at a near target with least effort; 
the more upwards one has to tilt one's 
eyes, the more difficult it becomes to 
focus. Thus, puttingjhe monitor up,high 
behind the keyboard gölten by placing it 
on therCPÜ box of the Computer or on a 
so-called monitor stand) is rather uncom-

'iewer. Instead of build-
ver, the screen should.be 
tely behind the keyboard, 
ge as near as possible to 
f the keyboard. A printer 

may üB piaceu above the monitor, and a 
source document be placed next to them. 
More refined Solutions may incorporate 
ili three \ isusl areas in one setup. 

Z~7JZ --Kil'j of indirect glare at the 
cazp-xz? - :«">̂ 'JLE :rs if a lieht source is 

winde* "r - -err ~ i -'"..:; -~:.r are 
refleaa: m ~ ~.:~ ' - -i "er^e --.eh: 
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spot or surface on the screei 
interferes with the attempt o 
the eyes to see the displaye< 
characlcrs or drawings. The 
contrast between the charaeter 
and.its background is often so 
much reduced by the reflection 
that extraordinary efforts must 
be made by the eye to discern 
differences. This can lead tb 
eye fatigue, a rather undefined 
but descriptive and populär 
term. A similarirritating condi-
lion may be generated if an in-
tensive lieht source (the sun, 
light Coming in from a window, 
or a bright lamp) shines directly 
into the eyes of the Computer 
Operator, thus generating high 
Illumination of the retina where 
rods and cones are trying to 
discemcomparatively light con-
trasts between characters and 
their background on the screen. 
Having understood the naturc 
of the problem makes means to 
avoid it self-eyident: one must 
move the sources of indirect or 
direct glare away from the 
Operators .eyes^. This can be 
done in several ways: one is to 
move the screen (that acts li ke a 
mirror) so that the rays coming 
from the light sources are not 
reflected into the human eyes. 

However, instead of moving the screen, 
one might move the light sources. such as 
task lights, or one may dim the sources, 
such as pulling a curtain over the window 
or putting a louver over a ceiling light. 
Dimming the light source is the obvious 
Solution if the Operator (and the monitor) 
can not be placed differently, The Opera-
tor might refrain from wearing a white or 
light colored shirt or blouse. The reflec-
tion of glare sources is less on screens 
with light background — and dark char-
acters -— than on screens with dark back-
ground (which act like mirrors). 

The removal of the disturbing light 
source from the field of vision, is, of 
course, the basic Solution. Changing the 
reflections in the monitor screen is the 
second-best Solution. One might either 
tum the screen, tum the Operator, or put 
devices on the screen to avoid reflections. 
These might be hoods that do not allow a 
light source to be beamed onto the sur-
face, or one may resort to anti-reflection 
coating of the surface, or to filters, of 
which there are several kinds available. 
Whilc some of these may improve the 
conditions, this is not donc without pen-
alty: coatings and Filters reduce the inten-
siryof passing light waves, thus diminish-
:ne the overall enerav reachina the 

operator's eyes while improving contra.1«: 
ofhers let light pass through only in cer-
tain directions, thus restricting the pos-
sible location of the eyes. Therefore, it is 
bettcr to remove the source of the problem 
rather than trying to influence the trans-
mission palh. 

Eye lenses 
Computer Operators often find that 

they must wear corrective lenses, particu-
larly spectacles. But to use corrective 
lenses incorrectly can generate new prob-
lems. This is particularly often the case 
with so-called reading glasses. These are 
ground for a viewing distance of about 40 
to 50 centimeters and for a downward tilt 
of the line of sight of approximately 25 
degrees, but many visual targets in the 
Computer area are placed further away, 
particularly the screen which is commonly 
behind the keyboard. If the visual target is 
beyond the focusing distance, one is 
tempted to squint the eyes while trying to 
focus, or to move the head forward to 
bring it closer to the correct focusing 
distance. The first attempt may lead to eye 
fatigue, the second to improper neck pos-
ture and muscle tension. This is even 
more pronounced if one wears bifocals or 
tri-focals, where the lowest section is 
meant for reading. In this case, one is 
likely to tilt the head backwaxds in order 
to get the display on the screen on the line 
of sight, which is predelermined by the 
glasses to be downward, with respect to 
the head. Ensuing severe tilling of the 
head often gives rise to muscular tension 
and severe headaches. The Solution is to 
wear full-size corrective lenses ground 
for the conect viewing distance, even if 
this blurs the impression of objeets further 
away. Musicians, for example, habitually 
have their glasses ground to a distance of 
about one meter so that they can focus on 
their sheet music. 

The motoric interface 
Unfortunately, the traditional type-

writer keyboard is still used, largely un-
changed except that it may have more 
than 100 keys, as the major inputdevice 
forcomputers.Theconventionalkeyboard 
has several iin-ergonomic fearuresi such 
as letters that frequently follow each other 
in English text (suchas q arid u) are spaced 
apart on the keyboard. This was originally 
done so that mechanical type bars might 
not entangle if Struck in rapid sequence. 
Another characteristic is that the columns 
of keys run diagonally from left to right, 
which was also necessary on early type-
writers due to the mechanical constraints 
of the typebars. Yet, the keys are arranged 
in straight sideways rows, which the fin-
gertips are not. The keyboard must be 
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operated with the hands pronated (thumbs 
down), due to the horizontal arrangcment 
of the rows of keys. Furthermore, there is 
a large number of keys of which one must 
be eorrectly selected so that the desired • 
character can be produced. This requires, 
cognitively, that a difficult multi-choicc 
decision must be made, followed by mo-

torically complex use of muscles to move 
the finger to the proper key. 

Mechanical keyboards had strongkey 
resistances and required large^key dig-
placement. Hence, it was suspected that 
weakfingers, particularly thelittle ones, 
were overworked. Thus, many recom-
mendations for improvements of the tra-
ditional keyboard have been proposed in 
the past: they included relocation of the 
letters on the keyboard and new geom-
etries of the keyboard, such as curved 
arrangements of the keys. Also suggested 
was dividing the keyboard into one half 
for the left hand and one for the right hand, 
so arranged that the center sections are 
higher than the oulside, thus avoiding the 
pronation of the hand required on the flat 
keyboard; and various proposals to use 
two keys simultaneously (chording) to 
generate one character. A new idea is to ; 
use chording in combination with keys 
that have threc Status conditions, i.e. ter-
nary instead of the usually binary keys. 
The "temary chord keyboard" requires 
only very few keys, such as one for each 
finger, to generate possibly thousands of 
different characters. Keyboard develop-
ments are shown in Figure 3. 

Smallkeyboardscanbeplacednearly 
any where, at the user' s con venience, such, 
as on one's lap (which was quitc difficult 
with the traditional large keyboard but 
was done by some Operators neverthe-
less) or they may be incorporated in an 
arm rest, in a glove, or even in the Shell of 
a Space suit. New developments may radi-
cally change the nature and appearance of 
keyboards, and hence allow new body 
and hand postures. 

The sitdown Workstation 
Among the first Steps in designing 

officc furniture for human use is to estab-
lish the main clearance and extemal di-
mensions; derived from the anthro-
pometric data of office workers. 

Theresults of the calculations (using 
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data on U.S. civilians) are compiled for 
"conventional" furniture inTable 1. lO 
contains the height adjustmehTsnfieces-
sary to fit about 90 percent of the civilian 
population by exeluding only females 
who are smaller than the Sthpercentile in 
the relevant dimension, and males who 
are larger than the 95th percentile. These 

dimensions will provide fit to 
nearly all Computer users but do 
not assume or require certain 
postures, such as upright trunk 
or horizontal forearms; instead, 
either of these design Solutions 
allows much freedom in sitting 
howonelikes, from bending for-
ward to leaning back, having the 
legs at will within the leg room 

provided. 
To pemiil changes in hand/arm and 

eye locations as well, the input de vice 
(e.g. keyboard) should bemovable within 
the work Space. Also, one should be able 
to move the display screen to various 
heights which requires an easily adjust-
able or spring-motor driven Suspension 
System of the support surface. 

All components of the VDT Work-
station must fit each other, and each must 
suit the Operator. This requires easy 
adjustability. Figure 4 Sketches various 
adjustment features which allow match-
ing the seat height with the height of 
support of the input devices or table, 
possibly while using a footrest; and to 
place the monitor on its support. 

The stand-up Workstation 
Another way to change working pos-

ture is to allow the Computer Operator, at 
his or her o wn choosing, to work for some 
period of time while standing up. Such 
stand-up Workstations can often use a 
spare Computer in the office, to which 
work activities can be switched from the 
sit-down Workstation for a while; or one 
may stand while reading, or writing or 
telephoning. Stand-up Workstations 
should be adjustable to have the input 
device at approximately elbow height 
when standing, i.e., between 90 and 120 
eentimeters. As in the sit-down Worksta-
tion, the display shoul d be located close to 
the other visual targets, such as source 
document and keyboard. If the surface is 
used for reading or writing, it may be 
slightly declined. A footrest at about 2/3 
knee height (approximately 30 eentime-
ters) is often well liked so that the person 
can prop one foot up on it temporarily. 
This brings about changes in pelvis rota-
tion and in spine curvature. 

Ergonomics of Computer work 
The phantom of the average person 

sitting upright with right angles at elbows, 

hips and knees must be abolished ar/d 
replaced by a design model that incorpo-
rates the actual ränge of body sizes and of 
working postures, and their large varia-
tions reflecting individual sitting and 
standing preferences. 

Long-term work with Computers, 
particularly if it consists of extensive pe-
riods of data entry, requires ergonomic 
measures to assure that the job is healthy, 
satisfying and produetive. Several ways 
exist to achieve these goals. The first 
concerns the work environment and the 
work cquipment/The secönd cönsiders 
job content and work organization.'The 
third utilizes technological progress to 
change the work altogether. 

Environment 
The work environment should be 

designed along the same guidelines that 
apply to any office work, but special 
attention is needed regarding thelighting, 
the furniture and the Computer equipment 
used. 

The illumination level at the Com-
puter Workstation is lower than required 
in ordinary offices. The reasons are to 
avoid reflections on the screen (glare), 
and the fact that the screen is itself a 
source of light, which must be frequently 
viewed by the Operator. Therefore, the 
general room illuminaüon_shQüHJM_be-
tween 300 and 700 .Ix, with the lower 
levels appropriate when hard copy used 
(paper source document) is of high qual-
ity (good contrast). If difficulties in read-
ing the source document exist at low level 
illumination, a task lamp may be used that 
shines exclusively upon the copy. The 
distribution of the illumination should be 
fairiy constant throughout (with the ex-
ception of the spotlighted area), and be 
either diffuse or so directed that reflec-
tions on the screen are diligently avoided. 
Wall and ceiling colors are a matter of 
light reflectance and of personal prefer-
ences and have (against populär belief) no 
direct effect on mood or work Output 

Noise is usually not a major concern 
since most Computers operate at fairiy 
low sound levels. However, acooling fan 
or transformer may need attention. Back-
ground noise, and nöise interfering from 
other Workstations or equipment need to 
be considered. Altogether, the general 
recommendation is to keep the sound 
levels as low as possible, such as 60 dBA. 

Seat Pan: The surface of the seat pan 
must support the weight of the tipper body 
comfortably and securely. Hard surfaces 
generate pressure points, which can be 
avoided with suitable upholstery, cush-
ions or by providing other surfaces that 
can elastically/plastically adjust to body 
contours. 

ADJUSTMENT RANGES FOR VDT ?! 
WORKSTATION HEIGHTS (cm) 5 

Seat Pan ; J • ;.| / , 37 (15) to 51 (20) 
Keyboard Support 51 (20) to 70 (28) 
Screen Center ; ' '* '75 (30) to 130 (51) 
Work Surface . 51 (20) to 70 (28) 

Table 1 •;:"£ | V 



"The only inherefit limitation to the 
size of the seat pan is that it should be so 
short that the front edge does not press 
into the sensitive tissues near the knee. 
The height of the seat pan must be widely 
adjustable, best down to 38 centimeters 
(15 inches) and up to at Icast 50 centime-
ters (20 inches), better 58 centimeters (23 
inches) to accommodate persons with short 
and long lower legs. This adjustmcntmust 
be easily accomplished while sitting on 
the chair. 

Usually, the seat pan is essentially 
flat, between 38 and 42 centimeters (15 
and 17 inches) deep, and at least 45 cen-
timeters (18 inches) wide. A well rounded 
front edge is mandatory. Often, the side 
and rear borders of the seat pan are slightly 
higher than the central parts of the sur-
face, usually achieved by more compress-
ibility of the inner sections. 

In the side view, the seat pan is often 
essentially horizontal,butliltingitslighfly 
(about five degrees) backward or forward 
is usually pereeived as comfortable and 
desirable. Seat pans that are higher in their 
rear portion and lower at the front facili-
tate opening the hip angle. 

Backrests: Backrests serve two pur-
poses: to carry some of the weight of 
upper trunk, arms and head; and to allow 
muscle relaxation. Both purposes can be 
fulfilled only when the trunk reclines on 
the backrest. 

The backrest should be as large as 
can be aecommodated at the workplace. 
This means up to 85 centimeters (33 
inches) high, and at least 30 centimeters 
(12 inches) wide. It should provide sup-
port from the head-neck on down to the 
lumbar region. For this purpose, it is in 
side view usually shaped to follow the 
back contours, speeifieally in the lumbar 
and the neck regions. An adjustable päd 
for the lumbar lordosis (e.g. an inflatable 
cushion) is appreciated by many users. 
The lumbar päd should beadjustable from 
15 to 23 centimeters (6 to 9 inches), the 
cervical päd 50 to 70 centimeters (20 to 28 
inches) above the seat surface. 

The angulation of the backrest must 
be easily adjustable while scated. It shou ld 
ränge from slightly behind upright (95 
degrees) to 30 degrees behind vertical 
(120 degrees), with further declination 
forrest and relaxation desirable. Whether 
or not the seat back angle should be me-
chanically linked to the seat pan angle is 
a matter of personal preference. 

Armrests: Armrests allows for sup-
port of the weight of hands, arms and even 
portions of the upper trunk and head. 
Thus, armrests are useful, though often 
used only for short periods of time. They 
must be well located and of suitable load-
bearing surface. Adjustability in height, 

width. and possibly direcüon within rather 
small limitations may be desirable. How-
ever, armrests can also hinder moving the 
arm, pulling the seat up to a Workstation, 
or getting in and out of the seat. In these 
cases, short armrests, or no armrest at all, 
is appropriate. 

Footrests: A pne-
vailing need for foot-
rests usually indicates 
that the height adjust-
ments, particularly of 
the seat pan, are not 
sufficient for the seated 
person. Hence, pres-
ence of footrests usu-
ally indicates deficient 
design. 

If footrests are un-
avoidable, they should 
be so high that the sit-
ting person has the 
thighs nearly horizon-
tal. Footrests should not 
consist of a Single bar 
or a small surface (be-
cause this severely lim-
its the ability of the sit-
ting person to change the posture of the 
legs); instead, the footrest should provide 
a support surface that is about as large as 
the total leg room available in the normal 
work position. 

Job content 
Most persons Iike to have autonomy 

in the Performance of their work, to take 
responsibility for the quality and quantity 
of their work, and to control their timing. 
Most prefcr to perform larger tasks from 
beginning to end instead of simply doing 
specialized tidbits. The ability to reeeive 
direct feedback about work Performance, 
by reviewing one's own work daily, 
supplemented by construetive and posi-
tive comments from the Supervisor, con-
tributes essentially to the feeling of 
achievement and satisfaction. Within the 
limitations set by the requirement that 
certain work needs to be done, the Opera-
tor should be free to distribute the 
workload, both in amount and in pace, 
according to one's own preferences and 
needs. Communication with colleagues 
and social relations are essential although 
at individually varying intensities. Isolat-
ing people or submitting them to cold 
formal relationships is usually detrimen-
tal to well-being and Performance. 

The Organization of working time, 
particularly provision of changes in work 
and of taking rest pauses, is important for 
many Computer tasks. Most people are 
bored by repetitive, monotonous, and 
continuous tasks; instead varying tasks 
of differentlengths should beprovided so 

that the Computer Operator has occasion 
and cause to shift from one task to an-
other, to move away from the Computer 
for periods of time, to get or take away 
materials, do something eise, or simply 
take a break. The recovery value of many 

short rest pauses is larger than that of a few 
long.breaks. 

Some of the current Computer work. 
tasks probably should not be imposed on 
humans, such as the long-time simple 
input of numbers or of word lexts; not 
only because this is boring, but also be-
cause repetitive finger movements may 
be a source of cumulalive trauma disor-
ders such as tendonitis in hands or arms or 
carpal tunnel Syndrome. Repetitive entry 
should be automated, c.g., by machinc 
recognition of characters or voiee. Feed-
back from the Computer about its memory 
content can also be given to the Operator 
through acoustical or sensory means other 
than just display on the screen. 

Clever Software offers possibilities 
to facilitate the task of the Computer Op-
erator, such as automated programs for 
speliing, stringing of characters, algo-
rilhms that check and indicate outliers in 
data or unusual events or repetitive oecur-
rences. Certainly, a wide variety of oppor-
lunities exist to change and, one hopes, to 
improve and facilitate the work of the 
Computer Operator. 

K.H.E. Kroemer, Dr. Ing., is professor and 
director of the Industrial Ergonomics 
Research Laboratory at the Human Factors 
Engineering Center at Virginia Tech. 

For further reading 
For more Information, including references, see 

the author's new book Ergonomics, in press by 
Prcntice-Hall. 
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AJUSTMENT FEATURES 
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Figure 4 


