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* make use of the computer more efficient and user-friendly, such as using cer-
¥ tain coded keys instead of typing an entire command, or using text keys for
editing procedures: removing or replacing a single character, an entire word,
or a string of characters. Another innovation was the touch screen control,  Ti i der he s 5
which enabled the user simply to touch some portion of the screen to acti-  (inpuss, ouspuss, etc.) in an
vate computer functions. Finally, there is the ever-present computer mouse,  operator-machine system.
in its various forms. Early research found that the mouse was the fastest type
of general computer control with the lowest rate of errors (Card, English, &
Burr, 1978). This is one of the reasons that mouse-type and trackball con-
trols have become the standard. '

Finally, thére are very advanced control systems developed by human
factors specialists. Two special and very sophisticated machine control sys-
tems are teleoperators and speech-activated controls. These advanced con-
trols are currently in limited operation in certain work situations, but as their
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technology improves, they may become more widespread. Teleoperators are teleoperators
sophisticated control systems that act as an extension of the human operator. sophisticated control systems

. that act as an extension o
be dangerous for f
the human operator

R ol g
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Usually teleoperators are used in environments that would
“humans, such as underwater, in outer space, or in radioactive environments.
A common teleoperator system consists of the mechanical arms used for del-
icate handling of radioactive material. The operator sits in one room, sepa-
rated by a safety shield from the mechanical arm and radioactive materials in

L b b e et 3
P L

..'h':.

L R e R T e R,
ety gl 1 ;::':'-".-'i?_-_ D T LRl L s
B e et e L R

- the adjacent room. The operator places his or her hands in a complicated
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control apparatus while the mechanical arms, with fingerlike prongs, imitate
each of the movements of the operator, whose own arms and fingers are har-
essed in the control devices. If the operator’s left hand makes a pinching
motion. the mechanical arm will make a similar motion to grip an object.
The operator can watch the process of the mechanical arm either duecdy
through a window or on a television screen.

An even more advanced control system is voice control. In sophisticated
voice control systems, such as speech-recognition computer systems, the ver-
bal commands of the operator substitute for the keyboard to enter data direct-
ly into the system. Although these controls permit the quick entry of
information and free the operator’s hands for other activities, the current state
of speech-activated technology is such that there are some limitations. For in-
stance, each word or command must be programmed into the system, which
means that words must be uttered clearly and consistently. To cut down on er-
rors, the operator must learn to use the same speech patterns, pitch, and voice
nflections each time a word or command is uttered. Alse, extraneous sounds

e —

_and may produce errors in the system operation. Voice control systems need
further development before they can be put into everydagr work use (it will
probably be some time before you and I can actually “speak” to our comput-
ers). Currently, however, they are successfully used with certain tasks, such as
simple data recording in situations in which the operator’s hands are occupied
by other activities, such as postal workers who sort packages and enter desti-
nations vocally. Voice controls are also being used more and more to replace

such as coughing, clearing the throat, or stammering r will not be recognized

Human Factors 447
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In dangerous environ- -
ments, such as outer
space, teleoperators allow
humans to control the
work from a safe distance.

voice control |
machine controls that

respond to the spoken words

of humans
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In earlier times, a worker who made a
mistake might spoil a piece of work,
Waste some time, or in extreme cases,
cause an accident that could injure o
kill several workers, Today, however,

a worker mistake can lead to dire

consequences. Consider, for example,
the disasters in the nuclear energy
industry—Three Mile Island (TMI)
and Chernobyl—or Unjon Carbide’s
chemical accident in Bhopal, India. In
each of these cases, errors in Operator-
machine systems led to devastating
consequences not only for the workers
themselves but also for people in the
surrounding communities, Specifical-
ly, in each Case, operators were up-
aware of the seriousness of the system
malfunctions becauge warning  dis-
plays were poorly designed or located,
and operators had not been suffi-
ciently trained in dealing with these
emergency situations. The Chernobyl
nuclear disaster caused many deaths
and exposed thousands to deadly radi-
ation. The Bhopal tragedy—the worst
industrial crisis in history—resulted in
thousands of deaths and Injuries to
Over a quarter of a million people Jiy-
ing around the chemical plant (More-
house & Subramaniam, 1986), While
the TMI incident is classified as a “near
disaster,” without any direct deaths or
njuries, the toll in terms of stress to
the nearby residents was considerable
(Hartsough & oavitsky, 1984),

The near nuclear meltdown at
IMIin March of 1979 has recejved
one of the most extensive Investiga-
tions into the safety of operations of
an industrial plant (Sills, Wolf, &
Shelanski, 1982). All of the evidence
points to serious human factors faws

nan Factors in

in the design and operation of the
plant. For example, control panels pre-

sented operators with an overwhelming

amount of complex information—
more than 1,600 gauges and wip-
dows that had to be scanned to find

- where a malfunction wag occurring!

Moreover, many warning devices

were slow to display emergency in-

formation and difficult for operators
to read (a problem not limited to
T™MI). - _

Consider the following excerpt
from a government investigation of
the TMI incident: |

The lack of human factors con-
siderations at the design stage was
most evident in TMDIs control room.
It was poorly designed with problems
including: controls located far from
mstrument displays that showed the
condition of the system; cumbersome
and  inconsistent instruments that
oiten looked identical and were
placed side by side, but controlled
widely different functions: instrument
readings that were difficult to read,
obscured by glare or poor lighting or
actually hidden from the operators;
contradictory systems of lights, levers,
or knobs—a red light may mean a
valve was open in one plant area and
closed in another, or pulling one lever
up may have closed a valve, while
pulling another lever down may have
closed another one. . .. (Comptroller
General Report on the Congress of
the United States, 198 0),

The net result was the near avojd-
ance of a potentially catastrophic nu-
clear accident, The Chernobyl nuclear

- accident, on the other hand, was pri-

marily due to poor operator raining,
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e Operators at Chernobyl were not in-  human factors psychologists on the
formed that 2 meltdown could occur if  staffs of the Nuclear Regulatory Com-
plant power was reduced below 25 per-  mission (NRC) nor of the firms hired
cent.-Moreover, the operators were so  to design, build, and operate nuclear
poorly trained that their responses to  power plants (Cordes, 1983). Since
the meltdown situation were too slow  then, considerable attention has been
and often inappropriate. given to human factors issues in the
: It is unfortunate, but it took dis- design and operation of American

asters such as these to force govern- - nuclear power plants. The NRC now

ments and organizations to consider has dozens of human factors psychol- |
v human factors more fully in the design  ogists on staff. Unfortunately, despite
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yoili gbe. cont Cl”?gé‘k%%dr eperations of complex operator- these improvements, there is still not |

machine systems. In fact, before the enough concern given to human fac-
TMlI accident, there were virtually no  tors in complex plant operations.

rome i e

W

telephone operators (Brems, Rabin, & Waggett, 1995). Finally, voice controls
are used on a limited basis primarily by individuals with disabilities who are
% unable to operate manual controls (Noyes, Haigh, & Starr, 1989),
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WORKSPACE DESIGN
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While much of human factors psychology involves the design and improve-

ment of operator-machine systems, psychologists are also concerned with the

design and improvement of the larger work environment. A great deal of at-

tention has been given to workspace design, the physical layout of individual workspace desien
workstations, and the design and arrangement of space and equipment within ~ the design and arrangement
factories and offices. Workspaces are designed with considerations of work o equipment, space, and
performance efficiency, operator comfort and safety, operator abilities and lim-  machinery within a work
itations, and characteristics of the machines, tools, and products kept firmlyin ~ enironment

mind. Workspace design considers how individual workstations are designed,
and how workstations are linked together to form entire work environments.

Certain basic principles governing the location and arrangement of
equipment, tools, and space should be followed whether designing an indi-
vidual work station or an entire workspace, such as placing important dis-
plays, controls, and tools in a central location so that they can be easily

- accessed (McCormick & Sanders, 1993).

Human factors psychologists have also played an important role in the de-
sign of work tools and equipment. One area that has made many advance-
ments in recent years is the human factors specialty of engineering
anthropometry, which is the measurement of the physical charactetistics of characteristics of the human
the human body and the development of equipment designed to it the char- body and the development of
acteristics of the human user (Kroemer, 1983; Wickens et al., 1998). Because  equipment 1o fit those

1 body measurements such as stature and arm reach can vary as a function of  chanacieristics
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Workspace design focuses on worker comfort L

and ease of yse. | o
)
SeX, age, a e rmanlan . | S« ]
statjio ISIS janlgld et?m'zl: poﬂ;éuiatlgns, certain work equipment, particularly work ,% |
seats, should be designed to fi o «f
~ 0 fit the characteristics of 1l 4 -5
tremendous ICS of the user. A 2 ]
| and comfort&?ﬁs 2:5101; - 'and Eﬂﬁiigy s HAn g de%loping ﬁlmti@ﬂal 4 |
S Ior various workstations, includ; i P |
. uding seats for work |
computer terminals, and f ~ | g at *
or automobiles and other vehic]
designed so that the ' other vehicles. These seats are 4 5
at the operator is at the py ‘ *’
. e proper height and d; ::*
the machine. displ Istance to operate :
» Aisplays are at eye level, and hand and f j
: ly reached. S - : and and foot controls can he egsi- i |
- oeats are also fashioned | -
* | | 50 that operators who are seat f
i SeEﬂ.Ed : A 1
pEI‘H}J{dS do not experience hack or leg strain. _ for long : |
gcet ; | !
oo Dlt lye.ars lliave seen a great deal of interest In engineering ElIl’[hI‘OpOm—*

’ nly In the workplace, but in homes and in schools. One interesting ]

;
!
|
i‘;ﬁ?{i{t}oke&i aF lthe effects of ergonomically designed school furniture on the 4 |
and attitudes of fourth graders, Although the students reported that ﬁ j: ]
%

the ne ‘ .- .
design;é Sfizztlure W‘EliS more (1:o1nfortable, they did not always sit in the re- L
roperly—emphasizing the importa i |

T nce of combin : |

ate T, P Mg appropri- _
I‘I&Hﬂiﬁfn lelth I.Iés:l;fl;{mn in how to use the equipment pmpeﬂgy (pﬁ)int]:f:ﬁ 4 [
& Halme, erstedt, 1994), Th 1 T
desdireed g o steat, - 10ws, not only should workspaces he i
unctional efficie he: o A o

logically to the worker (Dom??ﬁbg%; L)htzﬁ ch*eliracltm istics must appeal psycho- 3 B
f - Lhat s, the workspace should he ¢ 7 S

SOI"lﬂbl 168 . ] . ] p CE SNou € rea- i ]
y pleasant and comfortahle, with adequate space, |; ghting, and privacy. 1 P
Occupational Health Psychology R
Industrs o . >
cond i;;ﬂé{]@?hati@i[ pwclhdog]m have long been concerned with the
under which people work, particularl |

) * articularly the role that the phys
work environme o e 1e physical
avironment plays n aff&ctmg wgﬂ{ef 13'311[01'11'1811(26, SHEiSfElCti OHS o d j
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