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CHAPTER ONE
INTRODUCTION

Advances in technology have provided more efficient, comfcrtable, and safer places
in which to work as well as faster, more energy efficient products, equipment, and
tools. However, despite these advances, many facilities, products, devices, and
workstations are frustrating because of their complexities, inconveniences, and stress-
producing demands which detract from the intended advantages.

Many of these problems oceur because designers have neglected or paid insufficient
attention to the interface issues between the product and the user, especially issues
concerning human capabilities and limitations. Poor interface is particularly worrisome
in real time situations. Nowhere are problems in the human-machine interface more
apparent or their impacts more critical than in real time command and control
environments. The time critical nature of real time command and control tasks
exacerbates the effects of poor design which can result in operator inefficiency,
increased mental workload, or, in the worst case, operator error. Many operators, not
unreasonably, have argued that so-called human errors caused by poor design ere not
really human errors at all, but rather designer errors; their point is that if a tool or
machine has not been designed for use by humans, the blame should be placed at the door
of the system designer and not attributed to the human operator.

Over the past several decades, a good deal of knowledge has been accumulated
about product, equipment, and workplace design. Numerous documents provide detailed
guidelines for various human factors aspeects in the design of the human-machine
interface. lowever, some dimensions of the interface have, as yet, received little
attention and, as a result, are poorly understood. The research effort documented in this

report undertook the task of surveying the litcrature in an attempt to define and

e ten At b s s i  wa  een
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summarize whsat is known and ito explore those arcas which are impartant but, as yet,
poorly defined.

The filter and orgenizing framework used in this literature review was the human
factors espeets and issues most relevant to NASA-Goddard's control rooms. Any time &
humen interacts with a machine or tool or, indeed, any artifact created by another
person, human factors issues arise. This research attempted to limit the domain to those
issues which were particularly relevant to multiperson, real time, automated and
semiautomated control environments as typified by Goddard's Multisatellite Operations
Control Center (MSOCC).

This report contains an annotated bibliography which catalogues all the literature
acquired and reviewed for this endeavor as well as a short description of each eritry
(Appendix A). The body of the report presents guidelines and user considerations for
various human factors aspects of control room design. The organization parallels the
state of current knowledge for these areas. The first topics are those which have tie
most knewn about fhem. They are well-defined, well-researched, and have clear-cut
design guidelines. Subsequent chapters move into areas where the design principles
become more speculative. Principally because of the recency of the issues (e.g., human
factors aspects of computers in control rooms), there are many more questions than
answers in some of these areas. The meterial presented in this report summarizes wi.at
is known and identifies human factors issues where existing knowledge needs to be
augmented by additional research.

In chapter iwo, the areas of anthropometry and anthropometric design are defined
and described. Anthropometry is the study of the human bedy in its structure and
mechanical function. Anthropometric data provides design guidance for population

norms; they describe such things as reaches for workspace layout, dimensions for working

B
e . -
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positicns, and range of movements of body members. Although such considerations may
seem trivial or obvious, they are often overlooked with not insignificant consequences.
The desigr. of a system, workplace, or tool with less than acceptable dimensions may
jeopardize performance, operator safety, and system reliability. Anthropometry is an
area which has been thoroughly explored by system designers in both militery end
government agencies as well as the private sector., There .3 a comprehensive data base
for the various anthropometric aspects of equipment and system design. The guidelines
in this document provide a road map to anthropometric considerations of system design
and suggest sources of design data.

Human factors aspects of the workplace environment and workstation design are
well-defined and have received almost as much research attention as anthropometry.
The design of workplace environments includes consideration of such issues as air,
temperature, humidity, noise levels, and shift work. Workstation design addresses issues
which include the specifications of controls and displays, panel design and layout, and
visual and reach distances. As with anthropometric data, industries involved in process
control, aerospace flight deck design, military weapons design and, more recently,
nuclear power plant control rooms have all contributed to both the extensive bedy of
knowledge and the related guidelines for these areas. The material in this report
highlights the major issues and guidelines, providing an overview for system designers.

The next two chapters directly address human factors issues which have arisen as a
consequence of the introduction of computers and associated technology into the
workplace. Although the distinction between hardware and software is not always cles:—
cut, examination of the literature, design guidelines, and current research suggests that
this may be a useful conceptualization. The hardware issues, which include the

traditional ergonomic concerns as well as the use of color, and interaction techniques,
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are generally a bit better defined and understood than the software or informational
issues concerning what to put on the screen (e.g., types of dialogue, properties of
dialogues, coding techniques, iconie displeys, and displays with cognitive fidelity). These
two chapters summarize the current body of knowledge for these areas and suggest areas
which need further research.

Chapter seven is a potpourri of topics which are so speculative that design
principles or guidelines have yet to be forraulated. However, these topics are important
enough to warrant careful consideration in system design. The first topic, thecries of the
human as an information processor, outlines the prevailing psychological underpinnings
for a significant portion of the design principles which currently exist. Although most
designers are not trained psychologists, it is important that they have some sensitivity to
the models and theories which attempt to deseribe and characterize the human
component of the system. Many designers, particularly those with an engineering
education, ere thoroughly grounded in the mechanics, strengths and weaknesses of the
hardware components of the system and totally ignorant of the human component. A
human factors approach to system design requires a thorough understanding of human
capabilities and limitations.

Discussion of the next topic in chapter seven explores some of the problems and
design considerations which result when automation is introduced into the control room.
The most significant change in the humar's role is a promotion from a position of a
manual controller to that of a system supervisor overseeing banks of computers which
typically take over tie manual control functions which formerly occupied the majority of
the operator's time. This change in role warrants an examination of the type of
information the human requires, types of interfaces he/she needs with the system, and
several other design issues. At this time, these issues are merely questions; there has

been little research as yet to provide answers.
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Historically, research into the human factors of control rcoms has been supported

by aerospace and military system industries. As a result, svch research hes focused on
one, and occassionaly two-person control environments. WASA-Goddard's control rooms
as well as process control and nuclear power conirol rooms are rarely single person
environments; much more typically, they are multiperson, multistation control rooms
wherein teamwork and coordination .are serious human factors issues. The final section
in chapter seven reviews a number of philosophies of management and examines some of
the implications of management style on project productivity and employee mcrale.

Chapter eight describes a variety of tools which can be used for human fectors
design and evaluation. They include some fairly straightforward strategies for analyzing
systems from & human factors perspective as well es more sophisticated mathematical
modelling techniques. The chapter concludes with a review of more speculative
engineering methodologies.

The final chapter contains a review‘ of topics and issues which require further
research. In essenée, this chapter lays out the broad outlines of a research agenda of
topics and user considerations which are important human factors aspects of Goddard's

systems, but, at this point, do not have any clear-cut guidelines.
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CHAPTER TWO
ANTHROPOMETRY

DEFINITION

Anthropometry is the quantitative study of human beings within a given
population. It is an essentially empirical study of the measurable characteristics of
individuals, A body of statistical data, descriptive in nature, is collected by the
anthropometrist from a sample drawn from a specific population. Some populations for
which anthropometrie data have been collected include: astronauts, Korean foot
soldiers, Air Force pilots, wheelchair-bound handicapped, and English stewardesses. The
concentration of anthropometry upon specific populations puts this discipline into the
category of applied sciences. The statistical distributions derived from anthropometric
measurement are used in the design of products and systems to ensure that these
products and systems are safe, usable, and effective when used by a specific category of
people, such es gircraft pilots. European anthropometry places somewhat more emphasis
on the safety and comfort of workplace products and environments, while American

anthropometry tends to concentrate on fitting humans to technical systems.

SCOPE

Classic descriptive anthropometry fccuses on the physiecal characteristics of a
population. These measureable features include bodily dimensions, ratios of one body
part to another, weight, volume, strength, and ranges of movement. Since World War II,
especially in relation to the highly technical weapors systems, airborne systems, and the
manned space programs, anthropometry has expanded to include the measurement of

sensory capabilities, mental and psychological variables such as those involved in
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information processing, and physiological limitations.  Physinlogical anthrometry
concerns itself with ccceptable environmental ranges and tolerances. Environmental
contaminants, illumination, sound, temperature, and humidity are evaluated for their
effects on human performance,

Anthropometry also provides dynamic as well as static measurements (functional es
well as structural). Static or structural meesurement is concerned with the body at rest,
as it might be in standing or sitting. These measurements provide useful guidelines for
the proportions and arrangements of products and their components. Dynamic or
functional measurement is concerned with the body at work, as it might be in running or
driving. These measurements provide useful guidei!..>s for the procedures governing the
conduct of work. For exampie, on an assembly line, static anthropometric measurements
might guide the designer in the placement of controls, while dynamic anthropometric
measurements might guide the designer in the timing and duration of rest breaks to

ensure the best productivity from the line.

APPLICATIONS

Anthropometry guides us in the design of products intended to be used by people.
Products designed to the capabilities and within the limitations of human beings are safer
to use, more comfortable and less fatiguiné, less prone to inadvertent human error and
misuse, and more conducive to productivity and to successful completion of tasks. While
some anthropometric considerations may be obvious—we seldom build doors that are énly
four feet high—others require the application of more specific knowledge. The record is
filled with tragic examples of the failure to apply anthropometric guidelines, ranging
from the strangulation of babies in cribs, whose bars were far enough apart to allow the

infant's head to slip through but not enough so that the head could slip back, to the death
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of aircrews who could not fit through the escape hatch with their parachutes on. Less
dramatic perhaps is the question of illumination. We all know that a workplace must be
lighted. However, few of us know intuitively the correct intensity and wavelength of

illumination for specific tasks.

The application of anthrometric knowledge aids the¢ process of human-centered
design. The most widely used anthropometric data are those of physical and
physiological anthropometry. These guide the designer in the development of apparel and
personal items, tools and equipment, habitats and work spaces, and healthful and benign
environmental conditions,

While clearly the most advantagébus time for the application of anthropomstry is
during design and development stages, anthropometric data can also be quite useful
during evaluations such as acceptance testing. Anthropometric knowledge of the user
population can guide the design of such tests. Rather than a general criterion like "must
be easy to open," the acceptance test can specify the fifth-percentile strength of the
studied user population, i.e. that 95 perceat of the population have the strength to
perform the "opening" task.

. Clearly, the productivity of a tool user is closely related to tha efficiency of the
tool, to the speed and accuracy with which work can be performed using the tool. Not
only is this true from a strictly quantitative analysis, it is also true from studies of the
interactions between people, their tools, and their tasks.

This part is well illustrated by a study examining the role of the tool as an
intervéning variable between pay and motivation, based upon Locke (1968). Two groups
of students were hired to fell trees. One group was given axes whose blades had been
sharpened and honed. The other group was given axes whose blades had been deliberately

dulled. They were asked to cut down trees for a certain number of hours at a particular
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hourly wage rate. It was observed that the group with sharp axes completed the task.
On the other hand, the group with dull axes suffered rapid attrition as people quit in
disgust, in spite of raises in the stipulated hourly wage.

It is a pleasure to use products which are well designed and properly engineered for
human use, with their characteristics such as weight, size, and proportion matched both
to the task and the user. In contrast, poorly designed products, which ignore
anthropometric data, are difficult and unpleasant to use. Not only will these tools not
perform efficiently, people will tend to avoid using them. Rather than submit to using &
poorly designed tool, people will, if at all possible, contrive some glternative way to
accomplish a given task. Rarely will the efficiency of the ad hoc approach match even
that of the poorly designed tool. In the light of human behavior, products which ignore
anthropometric guidance are 8 bad investment twice over. They are inferior in terms of
technical performance; and, if they are not used, they are a dead-loss investment,
creating further inefficiencies in the process of their circumvention.

This report provides guidelines for the design and operation of control rooms,
specifically in the context of Goddard's mission of real time support for satellites. The
products and systems supported by Goddard are reasonably complex and relatively
expensive. The costs of mission failure are high. A high level of .r . :uctivity must be
maintained, and errcr must also be stringently minimized. The +:ols in use must be
efficient products, coupling speed with accuracy in the hands of human controllers. To
achieve these goals, the tools, products, and environment in which the tools and products
are used must be matched to the capabilities and limitations of their users. This
matching process necessitates the application of anthropometric knowledre to the design
and operations of Goddard control rooms. Much of the guidance and many of the

guidelines contained in this report are founded upon anthropometric data.
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RELEVANCE OF ANTHROPOMETRY TO GSFC

Control Room Design

Anthropometric data will underlie the physical geometry of the control room, the
sizing and relative placement of equipment, the type and colors of displays, and the
shape and functioning of tools used within the control room. Largely, it is static
anthropometric data which will be used as the basis for the detailed design decisions
involved in creating the physical contrcl room package.

Control Room Operations

Anthropometric data will underlie the environmental conditions to be maintained in

the control room. In addition, they will be used to desig}l procedures, such as the timing

and sequencing of activities within the control room. Largely, it is dynamic

' anthropometric data which will be used as the basis for the detailed design decisions in
creating the environmental and operational control room package.

Communications

Anthropometric data will underlie the design of communications to be used for both
internal and external information flows among human staffers.

Capabilities and Limitations

Goddard control rooms will need to be designed to take advantage of human
capabilities and to compensate for or avoid human limitations. While there is little
anthropometric uata available for tiie Goddard population specifically, there is little
reason to expect tiist Goddard populations would deviate from standard American
anthropometric profiles. However, there is reascn to expect, given the current use of
interlocking functional teams by Goddard, that there may be significant differences

among anthropometric profiles across control room teams operating in different

11



functional aress. Payload Operations Control Center (POCC) persinnel are different
from Data Operations Control (DOC) peréonnel. Our knowledge of these differences at
this point is merely anecdotal; we do not know if there are significant statistical
differences among different user populations at Goddard. |

Tradeoffs

Anthropometric data can be used in avaluating the costs between the system and
the human user. The provision of an interface which appears transparent to the user is
usually a complex technical effort. The adequacy ¢ personnel training is closely related
to the tasks at the interface of the system to its operators or supervisors. Simplicity oi
the interface from the perspective of the user seduces the training requirements while
increasing techricel requirements laid cn the system itself.

A clear example may ba seen in the development of language translators and
operating systems for computational machines. In the beginning, only low level machine
languages were available for the programming of computers. Operating systems which
automated the tasxs of physically controlling the computer were not yet conceived.
Consequently, the programming of a coraputer required highly skilled and very
technically oriented personnel, typically, ~raduate Vewel scientists, engineers, ard
mathematicians. These people were then (as now) expensive and the completion of a
programm* g task that we now would perceive as trivial required considerable tima,

Over the years, more end more complex interfaces have evolved, renging froin high
level langusges such as Pascal to multiple user operating systems with virtual
memories. The evolution of compiex technical interfaces between the user and the
underlying mechanisms of the computer has brought about a marked decrease in the skill
and training levels required to program and operate computational systems. Not only can

high school students now perform the same tssks that formerly required scientists, tut
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these tasks can be performed in # much shorter time and with greater reliability.

To the extent that anthropometric data have less influence 'ori the design of
products, the more circumscribed will e the p.ol of personnel who can be trained to use
those products and the more involved their training must be. Conversely, the greater the
influence of anthropometric data on design, tte jarger the pool of personnel who can be
trained and the less involved the required training. (Parenthetically, these relationships
illustrate how good design can serve social agendas within the larger society, such as

equal opportunity employment and affirn.ative ection.)

ANTHROPOMETRIC DATA
A large bsnk of anthropometric data has beer compiled by NASA in support of the

manned space program. The three-volume set, Anthropometric Source Book, pr-_>red

for NASA by Webb Associates (1978), is divided into Anthropometrv for Designers, A

Handbook Of Anthropometrie Data, and an Annotated Bibliograpl:iy of Anthropometry.

This set is probably the most comprehensive source of anthropometric uata available at
this time. ‘

This three volume publication brings together a large mass of anthropometric data
which define the physical size, mass distribution properties, and dynamic capabiiities of
United States and selrcted foreign adult populations. While it is aimed specifically to
meet the needs of design engineers engaged in the design and menufacture of clothing,
equipment, and workspaces for the NASA Spacc Shuttle Program, the series is designed
10 be of use to human engineers in a wide variety of fields. It is not only a
comprehensive source of specific anthropometric data, but also a guide to the effective

application of such data. Subjects covered under Anthropometry for Designers include

physical changes in the zero environment, variability in body size, mass distribution
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properties of the human body, arm and leg reach, joint motion, strength, sieing and
design of clothing and workspaces, and statistical guidelines. The first volume includes

1985 body size projections and marikin ecutouts. Volume II, A Handbook of

Anthropumetric Data, contains data from surveys of military and civilion populations of

both sexes from the United States, Europe, and Asia, Some 295 measured
anthropometric variables are *2fined and iliustrated. The last volume, the Annotated

Bibliography of Anthropou:. :: , covers a broad spectrum of topies relevant to applied

physical anthropology with emphasis on anthropometry ard its applicaticns in sizing and
design.

Another extremely useful anthropometric data source and tool is the Hurnenscaie
series developed by Diffrient, Tilley and Bardagjy (1981). Humanscale is a set of heavy
plastic cards conteining data dials and accompanying explenatory brechures. Each
Humanseale card is concerned with a different facet of human factors data, including
basiec anthropometrie ¢ . These include body measurements, link messuwements,
seating guides, seat—tb—a .Jle guides, geometries of wheelchair users, spacial data on the
elderly and the handicappeq, safety assurance, human strength, hand and foot controls,
displays, workspaces, body access, and light and color. Humsnsecale is a marvelous and
compact reference.

These data, of course, are not specific to user populations to be found &t Goddard
or to Goddard's specific tasks. While there is little reason to suspect that Goddard
personnel will differ greatly from more gereral populetions in the United States, this
absence of statistically significant difference remains to be verified or confirmed.
Additionally, since anthropemetric data are gathered with reference to some task
environment, within which the data will be applied, the comparability of tasks at

Goddard will aJso need to be confirmed in relation to general anthropometric findings.
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Later in this report, under Mockups, general recommendations are presented to conduct
such anthropometric studies at NASA-Goddard.
DESIGN RULES

While in general the application of anthropometric data is generally design specific,
some rules &rs universally valid in the application of anthropometric data to any design.

The "Average Man" Fallacy

The statistically average man (or woman) does not exist. This is why off-the-rack
suits must elv.ays be tailored. Ready-to-wear clothing is designed for an "average"
person, but none of us is average, st the mean, in all our relavant dimensions. If we relax
the average or the mean to encompess a small range on either side of the expected value,
say five percent, the fect that bodily dimensions are only weakly covariant leads to the
observation that the size of the population which is average along all of n dimensions is
«05 raised to the nth power. Thus, retaining the example of the off-the-rack suit,
consider that the relevant dimensions are torso length, shoulder width, torso
circumference, and arm length, for e total of only four dimensions. In this example,
then, there will only be .05 to the fourth, or .00000625 percent of the population fitted
exactly be the "average" suit coat.

The Fifth and Ninety-fifth Pe~centile Specifications

Van Cott and Kinkade (1972) note that:
the 'average man' fallacy is equally unfit for muscle strength
and other biomechanical data. For example, in the design of
an ejection seat, if trigger force requirements were set to the
strength capabilities of the average or 50th-percentile pilot,
the weaker 50 percent of pilots would be unable to escape.
These remarks lead us to the "MinMax" anthropometric design rules:
1) Any minimum dimension should be set to the maximum percentile.

2) Any maximum dimension should be set to the minimum percentile.

@
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Anthropometric data are typically stated in terms of cumulative percentiles. As
anthropometry is an applied science with practical applications, distributional statistic
data are seldom presented. Designers need to know the maximum and mimimum to
design for within the target population. Because it is seldom practical to design a
product for those on the extreme tails of a distribution, anthropometrie data tend to
ignore the tails of measurement distributions. Rather, the data are truncated and
reported at some lower and at some higher percentile, typically the fifth and the ninety-
fifth percentiles. Between these two percentiles will fall 90 percent of the studied
population, a sufficient audience for most produects.

Typically, within various cost tradeoffs, a product will be specified for an
acceptable percentage of the studied population, centered around the fiftieth
percentile. However, wve have seen that the "average man" fallacy may lead us into
potentially disastrous designs. The "MinMax" rules tell the designer how to apply the
anthropometric data to sizing questions. If, for example, we employ the standard fifth
and ninety-fifth percentile limits, the "MinMax" rules guide us in the follov.ing ways.
| Having established that anyone falling within the fifth to ninety-fifth percentiles
should be able to use the product safcly and efficiently, the designerl will use the
anthropometric data for the ninety-fifth percentile to determine any minimum
dimensions. Conversely, the designer will use the anthropometric data for the fifth
percentile to determine any maximum dimension. For example, an access hatch should
be designed so that a ninety-fifth percentile man will fit through the hateh. This ensures
that ninety-five percent of the male population and virtually all of the female population
will be able to fit through the hatch. On the other hand, a pressure operated control
should be designed so that a fifth percentile woman can apply pressure sufficient to

activate the control. This ensures that ninety-five percent of the female population and
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virtually all of the male population will be able to activate the control.

In general, the quality of prcduct design must be empirically demonstrated, Thus,
guidsnce is given both by NASA and by Department of Defense (DOD) standerds that
products should be experimentally validated using mockups. Experimentation has two

-distinct but complementary functions in anthropometrie product evaluation. On the one
hand, a product of a design effort is tested to verify that it satisfies anthropometrically-
derived performance criteria, i.e., that the intended users can actually use the product in
the way that hes been intended. On the other hand, the testing effort is used to gather
further data that can be fed back into the current and future design processes. For these
reasons, anthropometrically-based testing should begin early in the design process, long
before the first hard prototype is produced. So that testing can commence early-on,
mockups are used. Mockups are deliberately temporary, implemented to model the
essential charactuis:ics of a design. They are constructed so that no great or fixed
investment is involved; having served their purpose, they may be discarded or recycled.
As the design becomes increasingly firm, incorporating knowledge ghined from earlier
mockups, successive mockups may become more and more involved and lifelike. In the
end, the mockup may actually possess all the characteristics of a prototype. In some
cases, the mockup may pass out of the experimental laboratory into the training

environment where {t is used as a simulator.

ANTHROPOMETRY: SPECIAL TOPIC—STANDARDIZATION VERSUS EFFICIENCY

It serves this discussion to claim that the search for efficiency is a search for cost
minimization in the short run, while standardization is a search for cost minimization in
the long run. From an anthropometric standpoint, the most efficient tool is that which is

designed for a specific user. Similar.y, from this standpcint, the most standardized tool
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is that which is designed for the greatest number of uscrs.

These claims exemplify the more general debate between the utility of general
purpose and specific purpose products. Clearly, the product designed for a specific
purpose is most efficient at the task for which it was designed; the general purpeose
product is less efficient for any given task but can be applied to more than one task.

Unfortunately, the temporal aspects of this tradeoff heave been largely ignored.
Tasks succeed previous tasks, and users succeed previvus users. The tool optimized for a
specific task in the hands of a specific user can be justified only in terms of a short-
range optimization. The product specific to a given user and a given task possesses little
adaptability. As soon as the task and/or the wer changes or is changed in any way, the
optimization is lost. Within this design approach, succeeding tasks and/or users require
new investments in optimized products, The preduct which previously optimized the
user/task relationships becomes rapidly obsolescent, in short, a dead weight loss. The
alternative is to continue to employ the product even theugh it is no longer optimized.

The argument here is that investment in specialized or task/user optimized
products captures capital in a fixed form which inevitably is rendered obsolete. Tie
capital thus frozen is incapable of being changed into a new form more adapted to the
current task/user environment. Its costs cannot be amortized over more than one
specific usage period.

Of course, products wear out over time. The classic argument has been that, since
both special purpose and general purpose products have the same life expectancy, the
extra cost of specialization is outweighed by the extra revenue generated by the
efficiency of the product. This argument does not prevail, however, when the tesk/user
environment alters within the lifetime of the product. In turbulent environments, this is

actually to be expec.ted, especially in high technology product areas. In other words, the
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classié‘a.rguments for specialization, based upon a useful life which is less than the period
taken to render the product obsolescent, are not valid in a number of high technology
areas. The rate of change renders & product obsolete before its useful life has ended. In
this case, to prevent the investment from being lost, the product must be designed to be
able to adapt or adjust through technical stages, to be reconfigured. This requires a
product which is general purpcse rather than specially optimized. While performance
will be reduced during one phase or technical stage, the entire investment nced not be
written off in subsequent stages.

With some reflection, it should be clear that these tenets are fundamental to
philosophies of moduler design. As a superior technical product becomes aveilable, it can
be used to upgrade a module of a total product without necessitating the rebuilding of
the entire product. In commercial hardware and software design, it has also been
recognized that modular construction also decreases repair and maintenance down-time
and costs.

These same observations epply to the integration of user and machine on the basis
of anthropometric data. Equipment optimized for a particuler user population is of little
residual use when the characteristics of the user population change. It is for this reason
that we seldom use custom %ailors to provide clothing for our growing children.

The current manned space program provides uniquely tailored suits for astronauts.
As the population of people travelling into space increases and turnover in that
population grows, this practice is one that will be rapidly discarded in favor of off-the-
rack suits which can be reused by other or subsequent travellers.

These same rationales apply to control room products designed for Goddard use.
This argument suggests that these products should be designed for the widest

anthropometric utility, so that the widest class of users can appropriately and
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productively work with these products.

An example of this approach is in the packaging and siting of CRT displays. It has
been traditional at Godderd to provide CRT displays as built-in compcnents in rack-
mounted configurations. This practice optimizes the interface between the CRT user
and the CRT to a very narrow range. In contrast, anthropometric data would suggest
that CRT devices be independently mounted on stands which are adjustable in several

dimensions.
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CHAPTER THREE
ENVIRONMENTAL ISSUES

The human factors literature contains many documents specifically pertaining to
environmental issues and corresponding design guidelines. Many appear agency specific;
but, upon closer examination, they provide a wealth of information that generalizes to
command and control environments. This chapter reports the established environmental
concerns, suggests some new ones, provides source documentation, and fosters

recognition of the importance of environmental issues in design.

GOALS OF ENVIRONMENTAL DESIGN

The purposes of considering the environment of a work area when designing the
area are to ensure optimal working conditions and to achieve several geels. Bailey (1982)
suggests four important goals of environmental design.

Performance Support

Work environments should support the user in his/her task performance. Basic
safety needs (e.g., lighting, ventilation) as well as minimal workspace requirements must
be met. Equipment must be designed to complement both the task-and-user and the
surrounding environment. Equipment should also enhance the environment rather than
detract from it, i.c., be available when necessary and not cause clutter. The user's
psychological state affects performance and should be positively influenced by the
environment.

Organization Support

The environmental design of a work area should support the organizational image

and reinforce a sense of importance and membership in the user. Designers should be
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aware of this and take steps to create an cnvironment that projects a positive

S e e
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organizational image.

Normal Environments

PR

Designs should support the existence of normal environmental conditions. Critical
conditions such as temperature levels and air quality must be maintained within normal
ranges and should not vary greatly over work shifts.

Assisting Learning

The fourth goal of environmental design is to assist the user in learning about the
work area and the required tasks. Readily available documentation, clear, concise

labeling, and facilitation of communication lead to achievement of this goal.

PHYSICAL ENVIRONMENT

Environmental factors of a work area can enhance or degrade the performance of
the human/machine interface. Designers focus on physical environmental factors often
to the exclusion of social environmental factors. However, social factors are important,

and help to ensure safe, comfortable working conditions.

Temperature

.

The consensus regarding environmental temperature is that comfortable levels can
be and should be maintained within a work area.

Heat and Performance. The experimental results on the effects of heat on

performance are mixed. Bailey (1982) reports that heat levels of 90 degrees F can
enhance performance for some tasks while degrading it for others. He suggests that,
while the effects of heat differ from individual to individual and are task depende(xt, they
nevertheless exist and must be compensated for by environmental design. Figure 3-1

suggests some recommended exposure times to heat.
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Cold and Performence. The effects of cold temperatures on work performance

have not been studied as extensively as those of heat. Individual differences in response
to cold interact with differing task activity levels to produce a range of effects. Where
colder environments are mandatory, designers should corsider protective clothing, select
out personnel who are unable to tolerate the temperatures, allow sufficient time for
worker adaptaticn, and ensure reasonable activity schedules (Bailey, 1382).

Recommended Temperature Levels. The Department of Defense (1981) and the

U.S. Nuclear Regulatory Commission (1981), along with other agencies and institutions,
recommend the following guidelines for work environment temperatures:

0 The heating levels should not fall below 65 degrees F.

o Tke air conditioning levels should not exceed 85 degrees F.

0 Cold or hot air should not discharge directly onto
personnel.

0 Temperatures at floor level and at head level should not
differ by more than 10 degrees F.

Air Quality

Another important physical environmental factor is air quality. Basic safety needs

must be met under all circumstances. Comfort should also be provided for performance

‘benefits and to reduce the likelihood of fatigue and stress.

Humidity Levels. Humidity and temperature levels interact to affect the air

quality of a work area. MIL-STD-1472C (1981) and NUREG-0700 (1981) recommend that:

o Relative humidity levels should range from 45% to 50%
when the temperature is 70 degrees F.

0 As temperatures rise, humidity levels should decrease

relatively. However, to ensure physical comfort, they
should not fall below 15%.

o Humidity levels should not vary greatly over work shifts.
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Figure 3-2 illustrates the comfort zone for humans as a function of humidity and
temperature. -

Ventilation. Proper ventilation reduces the likelihood of fatigue and provides a
healthy work environment. MIL-STD-1472C (1981) recommends that:

o A minimum of 30 cubic feet of &ir per minute, per person,
should be introduced to the work area.

o The intakes for ventilation systems should not be lcceted
near contaminated air sources (e.g., exhaust pipes).

NUREG-0700 (1981) suggests the air velocity of ventilation systzms be considered. It
recommends that:

0 Air velocities should not exceed 45 feet per minute
measured from head level.

0 Noticeable drafts should not be present.
. IMNumination
In order for workers to best perform their tasks, they must be able to see
adequately. Sufficient light must be provided, dependent upon the task being
performed. Adjustable illumination levels should be available to the worker since
individual needs vary for optimal performance (Bailey, 1982).

Recommended Levels. Figure 3-3 gives some recommended illumination levels

relative to the task being performed. Farrell and Booth (1975), MIL-STD-1472C (1981),
and NUREG-0700 (1981) ell suggest the following guidelines for work area illumination:
0 To reduce chance for worker eyestrain, fatigue, and
reading errors, the level of ilumination should not vary
greatly over the work area.
o Supplemental lighting should be available if needed.

o Indirect or diffuse lighting should be used to prevent
shadows.
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RECOMMENDED EXPOSURE TIME TO HEAT AS
A FUNCTION OF ACTIVITY AND TEMPERATURE
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Figure 3-1, Bailev, p. 499, 1982.
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Figure 3-2, tailey, p. 500, 1982.
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Glare, An illumination related problem especially evident in work areas using video
display terminals (VDTs) is glare. It increases the possibility for reading errors and
encourages eyestrain. Therefore, designers should seek to eliminate both direct glare,
i.e., glare due to actual light sources and refiected glare, i.e., glare from illuminat:d
surfaces. Cakir, Hart and Stewart (1980) and Farrall and Booth (1975) suggest using
indirect or diffuse lighting, eliminating distracting contrasts in work areas, and adjusting
the VDT screen or covering it with a filter to eliminate glare.

Noise

Another important design issue involves auditory noise levels within work
environments. Noise can be detrimental to the worker's performance, irritating,
fatiguing, and unsafe if loud enough. Acceptable levels of tackground ncise for effective
communication are dependent upon the speaking vcice being used and the distance
between speaker and listener. Some reports even indicate tha* a complete absence of
noise can be detrimental to worker performance (Bailey, 1982).

Effects on Communication. Figure 3-4 illustrates the effect of background noise ¢h

communication. As shown, effective communication rapidly becomes difficult as noise
levels increase. Excess noise can be distracting and can lead to critical
misunderstandings.

Effects on Safety. Noise can be detrimental to the worker's physiclogical well-

being. Loud, low frequency noises produce the most serious hearing impairm=ats, while
high frequency noices are most annoying, and intermediate frequency noises interfere
most in speech intelligibility (Bailey, 1982).

Recommended Levels. MIL-STD-1472C (1981) and NUREG-0700 (1981) state thc

foliowing guidelines for noise levels in work environments:
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RECOMMENDED ILLUMINATION LEVELS IN FOOTCANDLES
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Figure 3-3. MNUREG-070), ». 6.1-46, 198i.
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Figure 3-4, NUREG-0700, p. 6.1-50, 1981.
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o Background noise levels should not ex :<ed 65 decibels.
o Noise distractions should be minimized.

o Acoustical materials should be used to limit reverberation
time to one second or less.

Maneuvering Space

The physical environment should be spacious enough to allow workers to move
around comfortably while performing tasks and undertaking routine maintenance.
NUREG-0700 (1981) suggests the following:

o A minimum of 50 inches should separate the front edge of
one equipment row and the back of the next.

o Each worker at a workstation should have a maneuvering
space 30 inches wide and 36 inches deep, minimum.

o When two rows of equipment face one another with more
than one individuai working between, a minimum 8 foot
separation is necessarv.
Vibration
» Both body and equipment vibration should Le controlled for optimal task
performance. MIL-STD-1472C {1981) suggests vibration levels acceptable for safety,
proficiency, and comfort. Figure 3-5 provides the base values for the following

guidelines:

o For safety, vibration levels should not exceed twice the
acceleration vealues listed.

o For proficiency, vibration levels should not exceed the
listed acceleration values.

o For comfort, acceptable vibration levels are determined by
dividing the listed accelersiion values by 3.15.

Ambience

An often neglected physical environmental facter is one which interacts with the

social environment. The ambience of a work area affects the psychological state of the
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worker (Seminara, Gonzalez, & Parsons, 1977) and, ir turn, influences his/her
performance. Most existing guidelines do not address this issue clearly but do make
several suggestions. NUERG-0700 (1981); Seminara, Eckert and Seidenst~(n (1979, 1980);
Seminara, et al. (1977); and Seminara and Parsons (1979) suggest the following:
o The surrounding atmosphere should be visually pleasing;
colors should be coordinated and cheerful, and visual relief
from banks of instrumentaticn should be provided.
0 The environment should lcok and smell clean.

0 The user's needs and comfort should be provided for, e.g.,
restroom and eating facilities are necessary.

SOCIAL PSYCHOLOGICAL ENVIRONMENT
As suggested by Bailey (1982), any work environment is made up of two
components: the physical and the social psychological. Physical aspects sre concrete and

eesily lend themselves to a guideline format. The comparatively abstract social

psychological factors are not always considered in design because of the inherent

difficulty in quantifying them. Thus, they are difficult to place in guideline format.
What follows are design considerations pertaining to the social psychological environment
of work areas.

Shiftwork

The continuous steffing of most commeand and control rooms necessitates
shiftwork. That the ramifications of this necessity are often not considered by the
designer at all is a mistake since much research indicates stress gencrated by shiftwork
can both directly and indirectly affect the worker's performance (Colquhoun &
Rutenfranz, 1980). The effects of shiftwork should be understood by designers to benefit

both the individual and task performance.
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Physical Effects. The human body physically operates on a fixed twenty four hour

schedule known &s & circadian rhythm. Shiftwork interrupts ;his established pattern by
changing eating, sleeping, and activity habits, The effect shiftwork has on physical
veriables such as body temperature and excretion of adrenaline and ncr-adrenaline is
called "re-entrainment." This process of adaptation to a new circadian rhythm is a slow
and incomplete one because it is unnatural for the body to be operating in different
rhythms. Sleep deprivation and inadequate digestive functions can result. In turn, the
individual's health, psychological well being, and work performance can suffer.

Effects on Performance. Research indicates that the mejor effect shiftwork has on

performance is a decline in alertness during night time bours (Colquhoim & Rutenfranz,
1980). Amount of sleep appears to interact with the type of tesks being performed in
determining alertness during shifts. Fopr command and control environments, these
research findings suggest the need for a complete evaluation of task demancs, careful
time ailccation of tasks between shif ts, and a shift design that facilitatm adequate sleep
patterns. |

Effects on Health. Mixed results have been obtained in experimental studies on

health effects of shiftwork. Some report greater incidence of sickness for shiftworkers
(Akerstedt & Torsvall, 1978; Angersbach et al., 1980; Koller, Kundi, & Cervinka, 1978),
while others indicate no differences in health between simtworkers and dayworkers
(Taylor, 1967; Taylor & Pocock, 1972). Colquhoun and Rutenfranz (1950) distinguish
between degrees of sickness reported due to shiftwork: actual physical disease and
"psychosomatic” complaints. However, the existence of either type has negative effects
on the individual and task performance.

Psycho-Social Effects. The psycho-social effects of shiftwork are difficult to

quantify because they are individual and personal, but anyone who has worked different
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shift schedules will attest to the importance of these effects. The small amount of
experimental research done on this topic indicates that dislike of shiftwork is associated
with reports of health effects and interruptions in social activities (Wedderburn, 1967).
The same study also reports higher job satisfaction for those who like shift work and the
one positive aspeet of shiftwork, more time off and/or temporal flexibility. Banks
(1956), in a study of wives of shiftworkers, found the most frequent ccmplaint was the
interruption of weekend activities. The social and interpersonal effects of shiftwork
appear stressful, but more experimental work on the topic must be done before any firm
conclusions are drawn.

Design of Shiftwork. There are several disadvantages associated with shiftwork as

evidenced in the literature. However, since its necessity is irrefutable, & compromise
.must be reached. Shift systems should be designed to minimize the negative effects of
shiftwork. Knauth, Rohmert, & Rutenfranz (1979) suggest the following criteria for
shiftwork design: '

o For strenuous tasks, shifts longer than 8 hours must be
avoided; for monitoring tasks, 12 hour shifts are the limit.

0 The number of consecutive night shifts must be limited;
preferably only single night shifts should b< interspersed in
the shift plan.

o Each night shift must be followed by 24 hours of free time.

6 Each shift plan should contain full weekends with at least
two consecutive free shifts.

o The number of free days per year for night shift workers
shculd be at least as large as for constant day shift
workers.

Presence of Others

The social psychological work environment involves groups of people as well as

individuals. Psychological theories pertaining to group processes and effects abound.
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The documented "social facilitation effeet,” also known as the Hawthorne effect,
fllustrates how the presence of others increasses arousal and performance. This effect
levels off over time unless new variables are introduced into the social environment.
Designers should be wary of placing individuals in continuously isolated situations; social
interaction should be facilitated to increase its potentially positive effects.

Personal Space and Privacy

Social psychological research also suggests that human beings have a need for
personai space and privacy s well as interaction with others. Too much open space ina
work environment or the opposite, crowded conditions, leads to discontent with the
layout. Workers should be provided adequate space to call their own, ensuring optimal
satisfaction and performance. '

Role Definition

Any work environment should facilitate optimel performanec and worker
satisfaction. Another imporiant aspect of the psychological environment is suffigient
role definition for the individual. The worker benefits from a sense of integration, a
notion of fitting into the scheme of things. Verbal job and role explanations &s well &s
examples given by managensent at all levels also help. These actions foster a sense of
responsibility in individuals. If workers understand what they are doing beyond a

superficial level and why they are doing it, better performance often results.

FURTHER RESEARCH
Currently, there are many environmental issues not fully understood that could

benefit from further research. Little is known about the social and psychological effects
of shiftwork. Shiftwork design for optimal task and personal schedules is not always

considered. More experimental research on the effects of different schedules is
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necessary to determine those optimal schedules. The effects of hot end cold

temperatures on performence are not cleer, also celling for more experimentation.
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CHAPTER FOUR
WORKSTATION DESIGN

The anthropometric data and environmental guidelines provided in the two previous ,
chapters form the foundation of many conside*ations within this chapter. Ergonomic Lo
aspects of workstation design and the correcyending guidelines are well documented
within the human factors literature. Several source documents exist, and it is important ¥
for the system designer to be aware of their contents. This chapter presents workstation
design issues and guidelines pertinent to the command and control environment at NASA-

Goddard.

PRE-DESIGN CONSIDERATIONS
Before implementing any workstation design, system planners must have a thorough
] understanding of all components within the work areea.

Review Documentation

The first step in the design process is to review all documentation specifically
pertaining to whatever tesk the workstation is being designed for. A complete
understanding of the task at hand will necessarily make the resulting workstation more
effective. Functional requirements documents are good sources of task information and
should be reviewed. Knowledge of all required tasks and their functions is important
because designers are often responsible for planning several different workstations, and
each should be individually tailored to the tesk. Documentation reviews help provide
that necessary, specific understanding.

Hardware

The hardware, or equipment and physical facilities, comprises anothnt : . “kstatien

component. The capabilities and limitations of each piece of L.:-* 'are under

' FRECEDING PAGE BLANK NOT FILMCD
37 '



consideration for inclusion in the workstation must be clearly understood by the
designer. Many pieces of equipment are task required (e.g., VDTs for monitoring tesks),
and the designer must complement these pieces with a choice of other equipment that
provides an integrated workstation (e.g., consoles and chairs for VDT monitoring tesks).
Again; reviewing functional requirements documentation helps; vendor documentation
and past user observations will elso give the designer hardware knowledge. Thorough
understanding of hardware limits and capabilities leads to better, more efficient
workstations.

User Population

The other component designers must consider may be the most important.
Workstations must be designed so that humans can use them and use them effectively.
User population statistics, the basis of anthropometric data, should elways be considered
wheﬁ planning workstations. Physical design should accomodate extremes, the 5th and
95th percentile user. In some situations it is necessary to have specific user population
measurements for design purposes (e.g., manned spacecraft workstations), while in others
existing general user populaticn statistics are acceptable (e.g., data entry
workstations). Designers should also be aware of physiological and psychological aspects
of users. Human visual and auditory abilities should be recognized, as well as
information processing capabilities and limitations. These considerations decrease the
likelihood of fatigue, stress, and error and are most effective when part of the pre-design
effort.

PHYSICAL LAYOUT

A successful workstation design (i.e. one that is easy to use and efficient) greatly

depends upon the physical arrangement of all components. Existing guidelines tend to
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focus on single perscn workstations, and the following guidelines have the same focus.
Little experimental work has been done ccneerning multiperson workstations, but several
related conceptual issues have been identified. A section of Chapter Seven in this
document deals with these conceptual issues.

The guidelines presented here concerning physical layout are drawn from the
following documents: MecCormick (1976), MIL-STD-1472C (1981), NUREG-0700 (1981),
Seminara, Eckert and Seidenstein (1979, 1980), and Van Cott and Kinkade (1972).

Accessibility

All equipment, displays, and controls should be easily accessible. Emergency or
warning components should be located with direct access. The physical layout should

also provide for maintenance access.

Coverage
‘The physical layout of equipment should facilitate and be consistent with staffing

levels. If workstations are staffed by one or two persons, the critical operaticns controls
and displays should not be spread out over a large area. The converse is also true; if
large crews staff a workstation, adequate physical space for operations should be
provided by the layout.

Furniture and Equipment

Furniture and equipment layout should facilitate ease and efficiency of use for the
worker and the task. Several considerations are necessary for arranging furniture and
equipment.

Visual Access. Workers need to view all critical task components easily and not
have to physically strain to see them. This necessity implies size and distance

considerations based upon specific user and task demands.

an




Communication Access. Workers should be able to communicate essily with others

in the woerkstation. Excess noise should be avoided as should communication "barriers"
created by equipment location.

Circulation. Flow of communication and physical movement should be facilitated,
implying integrated and uncluttered workstation layouts. Both physical and verbal
interference between users should be avoided.

Maneuvering Space. Users must have adequate space for moving in and out of the

workstation. NUREG-0700 (1981) recommends,

0 There should be a 36 inch minimum between the back of
the workstation and any opposing surface.

0 Users should have a lateral space of at least 30 inches.
In both cases, if more space is avuilable, increased seperation is preferred. NUREG-0700
(1981) also makes some recommendations for equipment-to-opposing-surface distance.
o A minimum of 50 inches is necessary to separete the front
edge of equipment rows from opposing surfaces when only
one person attends the equipment.
0 When more than one person attends a row of equipment, at
least 8 feet must separate that row from another opposing

surface.

Peripheral Concerns

Workstation designers should consider peripheral layout concerns as well es major,
obvious ones. These concerns are often overlooked, yet they are important for a
complete human factors approach to physical layout.

Documents. Documents necessary for reference purposes should be located within
easy reach of the user. They should be clearly labeled and movable. Also, they should be

easy to use, of a standard size that is not awkward to handle, in good condition, and

bound so as to lie flat when opened.
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Supervisor Access and Communications. The supervisor should be located with

direct access and communication to the workstation, if not centrally located within it.

Other Personnel Access. Access to workstations for non-related rersonnel should

be limited for security and task purposes, but available for emergencies and daily

personnel interaction. A balance should be struck between the two, depen lent upon the

situation.

EQUIPMENT DESIGN

As stated earlier, one major component of a workstation is the cquipment or
hardware. There are several equipment dimensions for the designer's consideration, and
the diversity of work environments necessitstes a wide realm of choice. Goddard's
command and control rooms consist mainly of econtrol consoles with VDTs and seatirg.
The following guidelines focus on éonsole and chair design. Workstation planners should
also be aware o1 ::'ing guidelines for other types of equipment (e.g., desk dimensions
and VDT data entr - rminals),

Console Dimensicns

It is assumed that workstation users are engaged in either seated, standing, or sit-
stand operations. Console dimensions differ accordingly.

Standing Operutions. Guidelines pertaining to console dimensions for standing

operations found in MIL-STD-1472C (1981) and NUREG-0700 (1981}, are summarized
below:
o If the operator needs to see over the workstation console,
the maximum height to accomodate the shortest user is 58
inches.
0 The control height is determined by the function.l reach

radius oi' the operator, 25-35 inches for the 5th percentile
female and 95th percentile male, respectively.
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Seated Operations,

conirel rooms; this position is best suited for the requisite tesks as research shows the
seated pnsition is superior to a standing one in terms of fatigue. It appears that the arms
can perform light work much longer when the operator is seated than when he/she is
standing. Cakir, Hart and Stewart (198)), Farrell and Booth (1975), MIL-H-46855B
(1979), MIL-STD-1472C (1981), NASA RP 1024 (1978), NUREG-0700 (1281), and

Seminara, Eckert and Seidenstein (1980) suggest the following workstation design

Controls shonld ba set back from the consol> edge a
minimum of 3 inches to prevent accidentel activution, and
nct more than 25 inches, ensuring reech by the shortest
user.

When other work surfcces are required, it is recommended
they be 5 inches frem the floor.

Acceptable display height is between 41 and 70 inches
above the standing surface.

A kick space, 4 inches deep and 4 inches high, is

recommended, allowing the user to get close to the
console without leaning.

guidelines for the seated operator:

o

If the operator needs to see over the workstation console,
the maximum height to accomodate the snortest user is 45
inches.

Control height should be within the functional reach of the
5th and 95th percentile user, a range of 8-34 inches above
the sitting surface is suggested.

Controls should be set back from the console edge a
minirsum of 3 inches, to prevent accidenta! activa‘ion, and
not further than 25 inches, ensuring reach by the 5tn
percentile user.

Anceptable display height is between 6 and 46 inches above
the sitting surface.
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9 The optimai distance for viewing displays, especially VDT
displays, is 20 inches.

0 The console controls should be laterally spread within the
functional reach of the operator, between 25 and 35
inek-,

o When writing surfaces ere required for the console, it is
recommended they be a minimum of 16 inches deep, 24
inches wice, and 29-31 inches sbove the floor.

Sit-Stand Operations. When users need both mobility to monitor large ereas and

stability for precise tesks, sit-stand operatiors are recommended.

o Display height should be the same as that used for standing
operations, between 41 and 70 inches above the floor.
Recommended . countrol : haight is also the same gs for
standing operations, between 34 and 70 inches above floor
level.

o0 Chairs should have adjustable seat height, between 26 and
30 inches from the floor, with 18 inch diameter circular
footrests, 18 inches below the top of the seats. These
recommendstions ensure that seated eye height is the
same as standing ~ye height.

’ Seating Dimensions

When the focus s!fifts to the needs of a seated workstation operator, two aspects of
design become very important. One is the provision of sufficient leg and foot rocm so
the operator can remain comfortably seated. The other is the piece of equipment the
operator is seated in - the chair. The chair should be designed to complement the task
and the user's needs. If the operator is comfortably seated, chance for fatigue and stress
is reduced. The likelihood of error due to awkward, uncomfortable positioning is also
reduced. The following summarizes the guidelines pertaining to the seated operator from
the above-mentioned source documents.

0 The space needed for knee room should be a minimum of
18 inches deep.



0 The minimum distance for knee clearance between the
seat and table is 8 inches.

o Footrests for short users should be provided, and if a
console that extends to Jhe floor is being used, a kickspace
4 inches high and 4 inches deep should be provided.

0 The chair should provide mobility for the operator; it
should swivel and have casters.

0 Because the optimum angle between chair seet and back
for office tasks is 100 degrees, chairs should have
adjustable back ests. It is further recommended that the
seat bottom be adjustable to heights between 15 and 18
inches from the floor.

o The chair seat should be at leest 17 inches wide and 15-17
inches deep and should have & downward sloping front edge
so the backs of the operatnr's knees and thighs are not
conipressed.

0 The seat and backrest should have at least 1 inch of
cushjoning.

0 When the cperator's task is dzta entry arm rests should not
be used; when the task involves a long-term seated
behavior like monitoring, arm rests should be provided.
o Operators should be mede aware of the adjustable features
of their equipment and how to use them.
COMMUNICATION SYSTEMS
The integration of several individual work areas and people is often necessary in
command and control envircnments. Communication systems help achieve this
integration and comprise an important workstation design element. There are different
systems, each best suited for different ta_:s. NUREG-0700 (1981) reports on several and
is the source of the following guidelines.

General Requirements

Operators should be provided with near by, clear instructions for each individual

system. Contingency instructions should also be provided in case of system failure.
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Periodic maintenance checks are recommended; they reduce chance for system failure '

and ensure that the system is optimally effective in response to any new environmental
changes.

Telephone Systems

Command and control environments reqdire both internal and external telephone
lines. The lines should have a standard frequency bandpass of 200-3300 Hz to ensure
intelligibility. The telephones themselves (handsets) should be located close to the
operator, be easy to use, have cords of sufficient length that do not tangle, and have
clearly labeled switching mechanisms. The distinction between internal and external
lines should be clear; labeling, color coding, and spatial grouping help achieve this.
Headset telephones should be lightweight, comfortable, and have adequate storage space
provided.

Radio Systems

Radio communications (e.g. walkie-talkie and UHF transceivers) should also provide
a standard frequency response within the 200-3300 Hz range. Care should be taken that
these communications do not interfere with the computerized equipment, each other, or
other command operations.

Annocuncing Systems

Announcing systems consist of amplifiers, loudspeakers, and microphones. The
integrated system should provide standard frequency response within the 200-3300 Hz
range for adequate intelligibility; better communication is ensured using a 200-6100 Hz
range. Microphones should be sensitive and of a quality commensurate with the rest of
the system. Loudspeaker location should provide adequate coverage; intelligible sound
levels should be found throughout the workstation. Loudspeaker volume should be
adjustable. Designers should also be sensitive to priorities of the different

communication systems, especially during warning or emergency situations.
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Auditory Warning Systems

An auditory warning system is a function-specific communication system used in
command and control environments. NUREG-0700 (1981) suggests the following
guidelines: '

o Each auditory signal should be clear, unambiguous, &nd
distinctive in meaning; similar signals should not be
contradictory in meaning.

o Signal coding must be distinctive: pulse coding should
ersure adequate repetition; for frequency coding use no
more than § separate frequencies within a 200-5000 Hz
range,

o Signals should sound directly at the work area center.

o Signals should be audible throughout the workstation.

o The optimum frequency range for auditory warnings is
within & 500-3000 Hz range.

o Signal intensity should be at least 10 decibels above
average environmental noise, but total noise should not
exceed 90 decibels. ,
0 Auditory wearning systems should be tested at adequate
intervals, to ensure their proper working order and reduce
chance for false alarm.
COMMAND PANEL DISPLAYS
In a command and control setting, the operator's focal point in the workstation is
the cominand panel. The function of this workstation component makes it the most
important piece of equipment there. Command panels have two major features - displays
and controls. Displays are addressed first and command panel controls are discussed in

the next section of this chapter.

Selection and Choice

Many types of displays are available, and the designer must make a choice based on

function and task requirements. Figure 4-1 lists five common displays and shows what
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RELATIVE EVALUATIONS OF BASIC SYMBOLIC INDICATOR TYPES
(ACAPTED FROM VAN COTT AND KINKADE, HUMAN ENGINEERING

GUIDE TO EQUIPLIENT DESIGH)
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Figure 4-1, Seminara, Eckert and Seidenstein, p. 3-12, 1980.
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tasks they are best suited for. A good display will present the information to an operator
in an easily understood form. When precise, real time information is needed, a digital
counter display is best used. If the operator needs to make a relational judgment among
a few discrete conditions, moving pointer and trend recorder displays are appropriate.
When the task requires an input of some setpoint value, as might be needed in an
automatic control system, digital counters and moving pointers best display the
necessary information. If‘ the operator is tracking the systerﬁ over time while controlling
it, moving pointer and trend recorder disnlays are best used to provide t.he needed
information. Indicator status lights are best suited to display qualitative information
(i.e., on/off, normal/abnormal).

When designers choose displays for the command panel, they should consider other
factors that potentially influence display effectiveness. The surrounding environmental
illumination will affect the illumination levels of the displays themseives. A proper
contrast will be necessary for the operator to see the displayed information. The viewing
angle of displays should be considered in order to minimize possibilities for glare. The
viewing distance is another important factor, affecting the scale and num eral size of the
displays.

Coding

When choosing a coding technique for displays, Bailey (1982) suggests that designers
consider the following six factors.

o Kind of information to be displayed.

o Amount of information to be displayed.

0 Space requirement for the code.

o Ease and accuracy of understanding the code.

o Interaction among displays at any given time.
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o Code compatibi'ity and the code discriminability.
Color. Several coding techniques arc available. Color coding is often used, and
often misused, but it is a valuable technique when used properly. The main problem with

color coding is indiscriminate use. There must be a strong reason for using a specific

color for a specific display. Bailey (1980), NUREG-0700 (1981), and Szoka (1982) suggest
the following guidelines for color coding information:
o Cplor should be used to provide redundant information.

o The number of colors used should be kept to a minimum;
for CRT graphic purposes three is the maximum.

o The meaning attached to a color should be clear and
unambiguous,

o Red and green should be used only to indicate warning and
normal/on/Zo conditions, respectively, Amber or - yellow
should be used to indicate caution. ' '

] 0 The meaning attached to a color should be consistent
throughout the workstation.

o When color is used to code labsls redundantly, the
meanings should be consistent (e.g., if the label reads RUN
the color should be green, not red,ete.). Figure 4-2
provides some common word-color associations that should
not be violated.

o The colors used should contrast well with the background
they eppear against.

Figure 4-3 lists 22 colors of maximum contrast. Each successive color contrasts
maximally with its preceeding coler and satisfactorily with the other colors before it.

Other Coding Techniques. Shape and size coding, as well as numerie, and letter or

word coding provide an even wider range for presenting additional information. Various
categories are esasily represented using these techniques. Again, overuse shovld be

avo!ded, and clear end consistent meanings should be attached to the codes.
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RECOMMENDED COLORS FOR ALARM AND STATUS WORDS

Word

sctive
slarm
clear

critical

disable
emergency

enable
failure
major
;inor

mormat

off
on

on-line

power

standby

stop

Colw

green
red
white

black
green
green
red
preen
yellow
ved

Figure 4-2, Bailey, p. 247, 1982.

TWCNTY-TWO COLORS OF MAXTMUM CONTRASTS

Color Serisi General ISCC-NBS ISCCI-NBS Munsell renotstion of
or selection color centroid ﬁﬂ,?.:' ISCC-NBS Controid
number neme ‘number (abbreviction) Color

1 white 263 wh'te 25P8 9.5/0.2

2 black 287 bleck N 0.8/

3 vellcw 82 vY 3.3Y 8.0/14.3

4 purple 218 P 6.5P £.3/9.2

] orsnge 43 v.0 4.1YR 8.5/150

[ light blue 180 v.i.B 2.778 7.9/6.0

? red 1" v.R 8.0R 39/154

8 buft $0 ['AL 44Y 1.2/38

9 orey €5 med. Gy 3.3GY 5.4/0.1
10 green 139 v.G 3.2G 4.9/14 %
1" purplish pink 247 3.pPk S.6RP 6.8/9.0
12 blue 178 5.8 29PB 4.1/104
13 yeliowish pink 28 s.yPk B4R 7095
14 violet 207 .V 0.2P 3.7/10.0
15 orenge yeltow ] v.0Y 8.6YR 7.3/15.2
16 purplish red 258 s.pR 7.3RP 4.4/11 4
17 oreenish yellow 9 vgY 9.1Y 8.2112.0
18 reddish brown 40 8187 0.3YR 3.1193.9
19 yellow green 1us vYG 5.4GY 6.8/11.2
20 yettowish brown k4] deed yBr S88YR J.1/%0
21 reddish orange M v.rOQ 98R 8.64/148
n olive green 126 d.0iG 8.0GY 2.27136

Figure 4-3,
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COMMAND PANEL CONTROLS
The other msajor command panel feature is the controls,

Selection and Choice

The designer has a wide range of control choice; and, as in the case of display
choice, task requirements help determine the best cne. Figure 4-4 illustrates several
control types and the functions for which they are best suited. When starting and
stopping devices are required, push buttons and toggle switches should be used. If the
operator needs to select one of several discrete options or to set the control along &
continuous quantitative range, several controls cen be appropriately used (as shown in
Figure 4-4). When the operator is continuously controlling a simple system, knobs,
thumbwheels, and levers are the best kinds of controls to use. If the task is to input
large amounts of data to a system, keyboards should be used. In regard to selection and
design, Bailey (1982) suggests:

o Critical and frequently used controls should be located
within easy reach.

o The physical abilities required for control operation should
not exceed the capability limits of the least capable user.

o The total number of controls should be kept to a minimum;
there should be gcod reason for requiring a control.

o Control movements should be simple, easy, and as short as
) possible. -

o Controls should be designed and located to prevent
accidental activation.

o Controls should provide selection, verification, and
feedback information to the user.

Compatibility
Controls should operate within population stereotypes. Figure 4-5 lists several

functions and the corresponding actions that best achieve them. Related controls and
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COMMON TYPES OF CONTROLS AND THEIR PREFERRED FUNCTIONS
(ADAPTED FROM McCORMICK, HUMAN FACTORS IN ENGINEERING AND DESIGN)

Discreta Continucus Coatinuous

Control Device _ Activation Setting Setting Control Data Entry _Comments

Pusghbutton X Direct fesdback 1f
backlit

Toggle Switch X X Gocd for 2 or 3 options

Rotary Selection X Compact for multi-

Switch options

Banks of X X Direct fcodback if

Pughbuttons becklit

Knobs X X X

Thumbwheels X

Lovers X

Keyboards X

Figure 4-4, Seminara, Eckert and Seidenstein, p. 3-15, 1980,
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U.S. POPULATION STEREOTYPES OF
CONTROL ACTIONS AND CORRESPONDING FUNCTIONS

Function Control Action
8. On,Stert Up, right, forward,
Rur, Open clockwise, pull .
b. OH, Stop, Down, left, backwerd, \
Close counterclockwise, push
¢. Right Clockwise, right
d. Left Counterclockwite, left
e. Raise Up !
f. Lower Down g
9. [lncrease Forward, up, right, :
clockwise
h. Decrease Beckwerd, down, ‘aft,
counterclockwise

Figure 4-5, NUREG-0700, p. 6.4-6, 1981.
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displays should be compatable in location, direction of movement, lsbeling, and coding.

'
)
i
i
*
}]
H

The operator should be required to perform a minimum of deccding and translation

between related controls and displays. Likelihood for error and reaction time decrease
with high control-display compatibility.
Coding Techniques

Several source documents ic:ntify ard recommend different coding techniques
(Bailey, 1987 MIL-STD-1472C, 1981; NUREG-0700, 1981), and each shall be considered
with regard to command panel controls. Criteria for choosing a coding method iaclude
(Bailey, 1982): .

0 Total demands on the ucer when the control must be
identified.

o Extent and methods of coding already in use.
’ o Illumination of the user's workplace.

o Speed and accuracy with which controls must be
identified,

0 Space available for the locatior of contols.
o Number of controls to be coded.
Color
Guidelines for color coding of controls are the same as those for displays.
Consistent meaning and use of the ecolor coding scheme is required.
Size. The use of controls coded by size alone implies:

o No more than three different sizes of controls (small,
medium, and large) should be used.

o Controls used for performing the same function on
different items of equipient should be the same size.

0 When knob diameter is used as a coding parameter,
differences between diameters should be at least 0.5 inch;
for knob thickness, the differences should be at least 0.4
inch,



Shape. Shape coding is best used to identify controls requiring "blind' operation,

where the operator must rely on tactile feedoack only. Shapes suggesting tuc purpes ? of

the control are recommended, making the control both visually and tactually identifiable,

the main goal of shape coding. Other relevant points include the following:

(o]

l.ocation.

to command panel (in the case of large, multiperson work aress), they should be in th~

Coded festures should not interfere with ease of control
manipulation.

Shapes should be hand-identifiable regardless of control
position or orientation.

A sufficient number of shapes should be provided to cover
the number of controls requiring tactual identificaticn.

When controls are associated with similar functions from command panel

same relative location. Within single command panels related ccntrols should be located

within funecticnal groups.

‘Labeling,

Labeling is a simple way of coding control functions that, when used

properly, can aid initial learning and later performance. Guidelines for use of this

technique follow (Bailet,, 1980; MIL-STD-1472C, 1981; NUREG-0700, 1981).

o

Locate labels in relation to the appropriate control (usually
above it), consistently throughout the work station.

Design labels to tell what is being controlled.
Make labels brief, using only common abbreviations.

Use standardized letter and number styles that are easily
read.

Identify groups of velated controls by enclosing them
within a border er~ labeling the groups by com.non
functioi..

Use horizontal labels where possible end vertical labels
when space is limited; avoid curved labels.
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Using each diiferent eoding technique has both advantages and disadvantages. Figure 4-6

lists the techniques discussed above and their respective advantages and disadvantages.

COMMAND PANEL LAYOUT

The physical layout of the command panel largely determines the effectiveness of
its opérational use. From an ergonomic standpoint, there are several guiding principles
(NUREG-0700, 1581; Seminara, Eckert & Seidenstein, 1980) for arranging control and
command panels, either in terms of several panels (e.g., nuclear power plant control
rooms), or within one panel (e.g., catellite system contrcl rooms).

Sequential Arrangement

When an operator has to act and react in a fixed sequence, panels can be arranged
seqguentially. Left-to-right and top-to-bottom sequences are most common since they
conform to American population stereotypes. A sequential arrangement will minimize
the movements required of the operator, an important consideration for time critical
operations, It is also recommended that controls used in sequence be groupad together.

Frequency Arrangement

To minimize search time and reduce the likelihocd of error, & frequency of use
arrangement is recommended. Here the inost frequently used controls and displays are
placed in the center of the optimum visual and manual reach area of the penel, giving
them a high level of availability.

Functional Arrangement

In a functional arrangement, sll controls and displays used to perform a function
are grouped together on a panel. This arrangement is the most common one found in

practice. It is preferred when there are no consistent sequences of operations, because it

allows for quick and accurate location of the displeys and controls necded for any
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ADVANTAGES AND DISADVANTAGES

OF VARIOUS TYPES OF CODING

TYPE OF CODING

MODE OF
ADVANTAGES LOCATION SHAPE SIZE OPERATION LABELING COLOR
lmxgroves visucd idonufication. X X X X X
1mproves nonvmeual identificstion b 4 X X X
{tactusl snd kincrthotic).
Hoipo etandar durs bon, b 4 X X X X X
Axds edenufication under low lewels b ¢ X X f¥hen trare- (Whon tracy-
o iluminetion end colored hghung. Humineted) iuminatsd)
My sd i identifying control posi- b4 X b
uca (setunga).
Requires kittie (if any) trasmng; X
8 not subpct to forgatung.
DISADVANTAGES
Moy requrrs extze e, X X X X X
Atfects menipuletion cf the control X X X X
tsace of ve).
Lisrsted in numbev of svailsble X. X x X b4
soding CatoQoe s,
Moy be kx offoctive il operstor X X X
wecrs gloves.
Controls must be wowrod (1.0., must x X
be witha vuuol ercas and weth
adequate illumenation prasont).

Figure 4-€, MIL-STD-1472C, p. 66, 1981.
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function. Labeling, lines of demarcation, shading, and spacing all serve to delineate
functional groups.

Importance Arrangement
The controls and displays that are most important are placed within the operator's

optimal visual and reach distance in this type of arrangement. It is best suited for smell,

one~operator work stations.

Graphic or Pictorial Arrangement

Another epproach to layout is graphic or pictoriel arrangements, more commonly
called mimic panels. All related controls and displays are connected by visible lines
drawn on the parel to show specific arrangements. This approach has two disadvantages;

mimics require a lot of panel space and are difficult to modify once implemented.

FURTHER RESEARCH

At present, the focus of workstation design guidelines is on single person
workstations. The multiperson workstation is usually not considered, leaving many
specific questions unanswered. Further invectigative and experimental research should
be done to isolate the differences and similarities of single-person versus multiperson
workstations. Questions pertaining to staffing levels, physical sccess to equipment,
physical layout, changing personnel roles, and other theoretical and applied issues must

be researched and specific guidelines generated, to ccniplete the picture of human

factors in workstation design.
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CHAPTER FIVE
HUMAN FACTORS OF COMPUTER SYSTEMS: THE HARDWARE

INTRODUCTION

Over the past several years, human factors interest and research in issues related
to computer hardware, software, and human-computer interaction has grown at an
almost staggering rate. Due to the volume of interest and research as well as the limited
time frame during which the research has been accumulating, some of the results tend to
be ambiguous and, occasionally, directly contradictory. Nevertheless, as more research
is conducted, evidence mounts up, and there are numerous areas where clear-cut
standards exist. This report will synthesize the results from numerous documents which
suggest design guidelines. Where possible, conclusions and cesign guidelines will be
presented, and, where evidence is still inconclusive on significant issues, design
considerations will be discussed. Taken together, the design guidelines and the design
considerations define a set of parameters which must be carefully evaluated in the
acquisition and configuration of computer systems.

Due to the volume of information, this report will be restricted to material related
to computer system components which affect the human-computer interface, primarily,
the visual or video display terminal (VDT) and interaction techniques and devices which
support the human-computer dialogue. To organize this discussion further, the topics
have been broken down into two categorics: human factors issues of the physical
propeities or hardware components and the human factors issues of software. Hardware
design issues include ergonomic consideration of visual display terminals (VDTs), color
capabilities, and interaction tasks and techniques. These issues will be discussed in this

chapter. The chapter which follows will consider software or informational
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characteristics of VDTs, addressing topics which include coding techniques, dialogue

types and properties, and display density.

ERGONOMICS OF VIDEO DISPLAY TERMINALS (VDTS)

Ergonomics, a European term for human factors, has been used primarily to refer to
the physical and environmental aspects of the VDT and VDT use. This section will
discuss three major ergonomic considerations: health and safety hazards and complaints
for VDT operators, VDT environmental and workstation design, and visual properties of
VDTs.

The growth of computer usege in the western werld is staggering. In the past
decade, total computer power available to US. business and industry has increased
tenfold, and it is expected to double every two to four years (Gantz & Peacock, 1981). In
1980 there were five to ten million VDTs and more than 7 million operators in the U.S.
{Center for Disease Control, 1980). Further, there are an ecstimated 15 million
computers, terminals, and electronic office machines. By 1985 this number is expected
to grow to 35 million, one computer-based machine for every three persons employed in
the white-collar work force (U.S. Department of Commerce, 1979). Thus, the number of
people using VDTs is large and growing rapidly; keeping pace with the proliferation of
terminals is a growing concern about the health and safety aspects of VDT use. This
concern has generated a great deal of public comment as well as substantial research on
VDT aspects contributing to work health and safety. The next two sections will review
some of these ergonomic issues and summarize some of the resulting guidelines and
design considerations.

Health and Safety Hazards and Complaints

A review of recent articles and reports suggests that a host of problems may be

caused or aggravated by the introduction of the VDT into the workplace. Complaints
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include: eyestrain, visual fatigue, and related visual problems {Cold Type Ofganizing
Committee, 1981; Grandjean & Vigliani, 1980; NIOSH Research Report, 1981; NYCOSH
report on Health Protection for Operators of VDTs/CRTs, 19580; Tabor, 1982; Working
Women Education Fund, 1981); postural problems (Grandjean & Vigliani, 1980; NYCOSH
report on ‘Health Protection for Operators of VDTs/CRTs, 1980); psychological stresses
(NYCOSIjl report on Health Protection for Operators of VDTs/CRTs, 1980); radiation
(Cold Type Organizing Committee, 1981; NIOSH Research Report, 1981; NYCOSH report
on Health Protection for Operators of VDTs/CRTs, 1980); and industrial hygiene (NIOSH
Research Report, 1981). Radl (1980) summarizes some of these problems as follcws:

0 Many of the screens and keyboards are badly designed.
The most unsatisfactory noints are: low luminescence
level on the display, low contrast between characters and
background, flicker of the displey, reflections on the
screen, and the design of the whole box in such a way that
it is often impossible to use in a human-adapted position.
In many cases keyboards are connected with the display
box and are unnecessarily high and produce light
reflections, mainly on the surfaces of the keys.

0 Relatively poor workplace design and bad positioning,
including mistakes in the illumination, can also be found at
many of the present workplaces.

0 Ilumination conditions at most VDT workplaces are
unsatisfactory. There are only general recommendations
to avoid glare. Information on how to avoid glare and
reflections on the screen is not disseminated. The existing
illumination problems are caused by daylight es we~ as by
artificial lighting.

0 Eye defects often result in an increased workloads for
many persons working with VDTs. These eye defects are
not caused by VDT use. Field studies have shown that
mere tnan 50% of all German adults have non-corrected
eye defects, and this is an important loading factor, when
these persons work with VDTs.
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o In many cases the use of VDTs has forced an inerease in
information transmission rates between mean and the
technical information-processing systems. Normally a new
technical and more computerized system with VDT
workplaces is instelled for ceconomic reasons. Most
manufacturers promise in their advertisements to reduce
costs by an increase in performance of -the human-
somputer system. Therefore all activities during the
introduction phase, as well &s later, are coneentrated on
bringing a higher output (meaning an increase of symbols
per minute, data per hour or other number of working units
per day and employee). It is difficult to explain that the .
main effect of the use of computer and VDT technologies
should be to increase not primarily the quuntity of
information rates at the human-technical information-
processing system interface, but the quality of the whole
system performance, e.g. through bett:r information
selection and handling, through more flexibility of the
organization, through better written output and through
better and more adaptive reactions of the offices—and last
but not least through more humanity at the workplace in
the office.

.

o Many arguments in the discussions about VDT workplaces
are emotional. This is understandable because the VDT hes
become a negative symbol for anxieties of the employee in
the office: anxiety about the technical and organizational
changes in the white colier area, anxiety ebout mass
unemployment, anxiety about dequalification, and anxiety
over more control from the computer. It is important to
know and to try to solve these social problems. But it is
also important to separate the ergoromically caused and
the socially caused problems in the discussion of the .
acceptance of VDTs, because each kind of problem needs !
different measures to be solved.

o VDTs have had very bad publicity in the mudia. If a

problem of their use is discussed in a research report, the

papers will generalize it for all sorts of VDT workplaces,

and they will once again point out how unhealthy and

dangerous work with VDTs is.

These concerns have prompted a great deal of discussion, research, and even some
legislation. At the anecdotal level, there was a strike by clerical personnel at the United
Nations when word processing equipment was installed. In a similar vein, the U.S.

Department of Commerce is thinking of removing its word processing equipment due to
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operator complaints and concerns that the automeated equipment is lengthening task time
(due one supposes to nn increased number of drafts made possible by the word processing
systems), ‘
O.« a more serious note, a number of European governments have or are preparing
13 take some legislative or regulatory actions to ensure the health and safety of VDT
ecratort, Sweden is the most advanced, having passed legislation which specifies some
design .. pects of visual display terminals. Germany nhas proposed standards and safety
regulations in which various visual display parameters are specified. The French have
gone one step further; a government decree placed operators of terminals in the
hazardous occupation category. As a result, employers are required to provide additional
rest breaks and enhanced medical care for those employees. European activity has been
far greater than that in the U.S. The most active U.S. agencies are the National
Institute of Occupational Safety (NIOSH) and the U.S. military services. NIOSH has just
concluded a lorge study examining potential health effect of working with VDTs (Human
Factors, Vol. 23, No. 4, August 1981). The militery services have also extended their
interest to include cciicern for operator stress, performance, and safety (MIL-STD-
1472C, 1981). As more attention has been focused on VDT problems, some basic
assumptions have evolved to guide ergonomic research on VDT design and use. These
include (Radl, 1980):
o Eye discomfort and workload in VDT workplaces can be
reduced to or below the level at workplaces without VDTs
but with similar tasks. The condition: screen,
presentation mode, VDT box, keyboard, the whole
workplace, and the environmental factors have to be
designed as well as possible by existing technolegies and
following existing recommendations which are the results

of ergonomic research and practical experience.

o It is not generally in question whether to use a VDT or
not. But there are many questions and also practical
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answers on how to design e specific VDT workplace and its
environment with respect to man and his specific task at
this workplace. Manufscturers and users do not only need
our criticism on VDTs and workplaces, they need detailed
information on how to make them better.

o Work-time limitations and special break-time regulations.
for VDT workers are not the optimal way to solve the
existing problems. It should not be the main function of
ergonomics to compensate for high workload, which is
caused by poor working conditions, only by time limitations
or by additional break-times. The better measure consists
in__avoiding the loading factors by human-adapted
workplace design _and by interesting, non-monotonous
tasks.

The basic ergonomic issues have thus far focused on health and safety of the
operator. In particular, there has been a good deal of investigation into the possibility of
VDT-induced radiation and negative aspects of VDT use with respect to both vision and
posture. One universal conclusion which is very encouraging is that there is not a
radiation hazard essociated with VDT use (Cakir et al., 1980; Murray et al., 1981). Radl
suggests that visual and pestural problems can be greatly alleviated by human-engineered
workstation and environmental design and the design of human-engineered VDTs,
keyboards, and other interaction devices. Subsequent sections outline some specific
guidelines for these aspects of the workplace. Industrial hygiene, one of the potential
problems associated with VDT workplaces, was not found to be a problem in the
extensive NIOSH study (Murray et al., 1981; NIOSH report, 1981). Walk-through surveys
of VDT areas indicated few sources of airbourne chemical contaminants. The
occupational sources identified were photographic darkrooms, photocopiers, and other
photo-reproduction equipment. The one general source of indoor air pollution was
cigarette and cigar smoking. The evidence supporting the conclusion that employees
operating VDTs were not exposed to hazardous levels of airbourne contaminantc was

overwhelming.
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Psychological stresses caused or intensified by the introduction of VDTs into the
workplace are real and must be addressed by a sensitive and coordinated managerial
response. The NIOSH study documents some of the psychological stresses which VDTs
can cause, particularly among clerical workers (Smith et al., 1981). In a large sample of
employees, a pattern appeared in which professionals using VDTs reported the lowest
stress levels, while clerical VDT operators reported the highest stress levels, with control
subjects in the middla. The report concludes that the use of VDTs is not the only factor
contributing to operator stress levels and health complaints, but that job content also
makes a contribution. The authors note that the clerical VDT operators were monitored
closely by computer systems which provided up-to-the-minute performance reports on
the rate of production and error levels. Scmetimes, the automation of clerical and other
related low skill activities results in automation "pacing" the humen cperator, rather
than vice versa. The NIOSH study also indicates that clerical employees greatly feared
that they were likely to be replaced by a computer at some time in the future. The basie
conclusion is that a number of interacting factqrs contribute to psychological and
physical stress. Job redesign and workplaces redesign will alleviate some of the
problems, but a positive and sensitive managerial policy is essential to ensure the
efficiency and effectiveness of the "people component" of the human-computer system.

Environmental and Workstation Design

Environmental and workstation design issues are critical determinants of the
effectiveness and efficiency of the workplace. Over the past forty to fifty years a great
deal of information has been gathered defining standards for appropriate working
environments for humans. Chapter three of this document reviews these issues and
standards in general; this section will describe those which are particularly rel -..nt to

VDT workplaces. As indicated in the previous section, a consensus is emerging that
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attributes a good deal of the problems end complaints concerning the introduction and

widespread use of VDTS in the workplace to poor environmental and workstation design;

often the introduction of a VDT merely aggravates existing problems of poor workstation
design.

General Considerations for Workstation Design. Cakir et al. (1980) suggest several

preliminary considerations in planning the workplace:

o Ensure that the user can reach and operate the controls.
Major controls on the VDT are the keyboard, power on/of?,
brightness, contrast, and modem. These and other
workstation equipment items should be easily and safely
available,

o Ensure that the user can see and read the displays.
Different displays (e.g., keyboard, screen, documents)
should be positioned favorably for the user's standard
position as well as any frequently used alternative
positions.
o Ensure that the user is comfortably positioned and can get
) in and out of the workplace easily. Basic principles of
workstation design should be closely adhered to; basic
clearances should be observed, suitably sized equipment
and office furniture provided, and sufficient amounts of
workspace be made easily available. Environmental
aspects of the workstation should be considered in the
initial layout and periodically evaluated to ensure that
deterioration does not occur over time,
Cakir et al. (1980) strongly recommend using model workstation or mockups (see Chapter
8 for futher discussion) to ensure human-engineered workstations. Mockups can be used
to solicit valuable input from users, particularly junior levels of personnel who are
typically not consulted but can be an invaluable source of practical design information.
Over and above these general considerations there are a number of specific
workstation design and environmental factors to be considered. Cakir et al. (1980)
summarize the issues in Figure 5-1. Equipment is vitally important to the comfort of

users. Poorly designed or positioned equipment results in inefficient posture, potentially
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causing spinal disorders and fatigue in the back muscles. Moreover, design which ensures e *'}

the freedom and ability to change posture is preferred, as even an optimel posture

becomes fatiguing over long periods of time. :
Working level

Cakir et al. (1980) define working level as the distance J
between the underside of the thighs and the palms of the
hands. A common stendard is thet working level should range
from 220 to 250 mm, corresponding to the lewer 5% percentile
limit for females and upper 95% percentile for males. Desk
top, desk frame, and keyboerd should be as thin as possible in
order to ensure an appropriate working level. Detached
keyboards with a height of more than 30 mm should be set in
the desktop.

Desk Height

Desks for VDT workplaces should have a desktop height of 720
- 750 mm with a minimum free height of 650 - 620 mm. On
detachable keyboards, the height of the home rows above the
floor boards should he between 700 and 750 mm.

Chair, Seating Height, and Baek Support

’ Chair height should be adjustable in order to enable key entry ' !
with arms and thighs in an approximately horizontal position
and feet flat on the floor. Foot rests may help if the
chair/desk height makes it impossible for the operatcr's feet to
rest comfortably. Management should ensure that users ere
aware of the adjustability of office equipment and are
reminded to make suitable adjustments periodically.

Foot Rests

Adjustable footrests should be provided which are large enough
to cover the entire usable leg area and be anchored to the
floor; well-designed foot rests help to provide postural

support.

Document Holders

Document holders ecan help to reduce fatiguing body ’
mover.ents. Document holders should be portable, allow angle H
adjustments, and be equipped with &n opticnal row marker. A
correctly positioned document holder aliows reduction of
movement or transfer of movement to less loaded parts of the
body.
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Arm Reach and Working Level | o

The keyboard should be positioned within easy reach of the
user; the back row of keys should be within 400 mm of the
front edge of the desk, and 60 mm should be allowed in {ront of
the keyboard. A

Display Height : i
In general the top edge of the screen should be at or below eye
height. The line-of-sight should intersect the center of the
screen.

Viewing Distance

The recommended range for eyes to manuscript, display
sercen, and key board is in the range of 450 to 500 mm.

Environmental Design Consideration for Computer Workstations. Cakir et al.

(1980) note that of all the environmental factors - lighting, temperature, and noise -

N iramie s e

lighting is the most significant in VDT workplaces. This section addresses the issues of
lighting the workplace; issues such as screen luminance and contrast illumination will be
b taken up in the section on visual properties of VDTs.
Ilumination or ambient light level

VDT working areas should be illumirated with 300 to 500 Lux
{lluminance with the best possible glare shielding to safeguard 1
against both direct and reflection glare.

Luminance Ratios

Visual fatigue can be caused by differential luminances of CRT .
screen, keyboard and sereen, and the desk and the room;

recommended ratios are 1:3:10. Keyboards can be designed so

that luminance ratios between the keyboard and screen and

between the keyboard and paper do not exceed 1:3. [t should

be noted that the ideal is 1:1.

Glare and Reflection

Glare is gross disturbance of the adaption process of the eyes
catsed t_’y large differences in illumination. Direct glare can
be avoided by appropriate positioning of light fixtures.




Indirect glare, caused by reflection from glassy surfaces, is
also very undesirable and a likely couse of visual fatigue.
Desks, floors, and other work surfaces should be selected to
minimize glare and reflection. ’

Light bulb or fluorescent lights should be in werm, light, and
uniform colors. Glare shielding of lights is usually <=sirable;
prismatic or glow shields are preferred. Workstations should
be positioned so that glare sources are out of the user's field of
vision; lighting fixtures should be positioned parallel to the
user's field of vision. Windows and curteirs are also helpful in
reducing glare. VDT screens should be fitted with anti-glare
devices or come equipped with coatings or antiglere displays.

Temperature

Thermal emission from the VDTs should be taken into account
when determining the heat and air conditioning needs of the
workplace. Temperature should be controlled to & range

between 729 and 76° with humidity at about 50%. Care should
be taken in the acquisition of equipment to ensure that the

equipment does not require excessive temperature conditions
which result in discomfort for human users.

Noise

Generally VDT workstations ere quiet as compared to
convertional workstations. Nevertheless, normal ergonomic
procedures for ncise reduction should be taken. For example,
other equipment in the room, such as impact printers, should
be checked to ensure that the level of noise is not too great.

Visual Properties and Ergonomic Aspects of the Video Display Terminal Hardware

The discussion of the ergonomic aspects of VDT workstations in the previcus
section focused on general aspects of the workplace itself and, for the mcst part. is
merely a reiteration of common standards for workplaces with or without VDTs. This
section will focus on ergonomic aspects of the VDT itself. These standards are relatively
new and, in some cases, clear-cut standards have yet to be developed. Nevertheless,
these aspects are critically important and must be consciously addressed in the design of
VDT workplaces.

The various physical attributes of a VDT should be considered in selecting <ne.

72

. e t——— e




These properties are besically independenf of information and content, but they are
vitally important in determining the effectiveness of the humean-computer interface.
The section will review a spectrum of these characteristics togzther with recommended
standards. Attributes are divided into the following categories: image and screen
.characteristics, attributes of character forrﬁation and display legibility, keyboard
characteristics, and miscellaneous considerations including such items as response times

and maintainability.
Image and Screen Attributes

The image and screen attributes considered here constitute the
"basic visual properties" of VDTs. As indicated above, they are
important and yet stand independent of information content
and format.

Flicker

Flicker or image instability, if perceptible by the VDT
operator, can be a source of annoyance and visual fatigue.
Ideally, flicker should be imperceptible. In practice, it is
usually sufficient to have a refresh rate on CRT-type displays
of 50-60 Hz. Refreshrates under 20 Hz are very annoying, and
screens with refresh rates under 50 Hz are not considered
flicker free.

Luminance

Screen luminance is also a determinant of flicker. Screen or
background luminance should be adjustable with a range of at
least 15 and 29 cd/m“ under normal lighting conditions.
Character or symbol luminance is also important. Although
there is variation in recommended standards, the consensui
seems to be that a minimum character luminance of 30 cd/m
is desirable. Some guidelines (Cakir et al. 1980) suggest that
as low as 45 cd/m“ m=v te sufficient, but all agree that the
range of 80 to 160 cd/m¥ is the mos: desirable.

Symbol Contrast

The contrast between charecters and background is also
important. Bank, Gertman, and Petersen (1980) in their review
of relevant giicelines, conclude that a minimum contrast ratio
of 3:1 or 4:1 is needed with as great as a 10:1 contrast
specified as optimal.

73

e




Image Polerity

Image polarity is a physical attribute of VDTs which is being
considered in Europe. It concerns the screen characteristic
which determines whether the display has dark symbols on a
light background or vice versa. The existing standards range
from user's preference to conflicting recommended formats
(Banks et al., 1980). The message for system designers is to
keep image polarity in mind as a design consideration,
realizing, however, that no generally accepted standard
currently exists.

Phosphor

Phosphor properties of the screen may also determire the
preceptibility of flicker. .The general recommendation is that
screens with medium to low persistence phosphor are the best
compromise (Banks et al., 1980).

Color

Another important consideration in VDT selection and screen
design is color. Due to the volume of material in this area, a
separate section is devoted to this topic in a later portion of
this chapter.

Adjustability of the Sereen
In keeping with the notion of flexible workstations, it is
recommended that VDT screens be flexible both on their
horizontal and vertical axes. If the VDT is fixed the vertical
angle should be 90°,

Character Formation and Display Legibility Attributes. The characteristics

reviewed below address what is displayed on the screen and how. They are also fairly
independent of information content. The major references for the guidelines suggested
in this section are: Cakir, et al. (1980), Bailey (1982), Shurtleff (1980), Ramsey et al
(1979), and Banks et al. (1980).
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Resolution

Display resolution concerns the number of scan lines per inch

as well as the dots per character. The recommended standard

for scan lines is @ minimum of 50 per inch (Bailey, 1982) and 12
to 18 lines per symbol height (Shurtleff, 1980), The number of
dots per character for dot matrix characters is a minimum of 5
XTto7 X 11,

Symbol Dimension

Several attributes must be considered. Stroke width messured
in stroke width-to-height ratio is recommended in the range of
1:4 to 1:8. Recommended symbol width as a percent of upper
case character height is in the range of 75 to 100%.
Horizontal spacing, measured as a percent of symbol height,
should be in the range of 10 to 65%. Row spacing should be
between 100 and 150% of character height. More detailed
information on these attributes can be found in Bailey (1982),
Shurtleff (1980), and Cakir, et al. (1980).

Character Font

The character set chosen is also important in determining the
overall readability of the display. The character set should
contain upper end lower case characters, with lower case
characters having descenders which come below the line where
appropriate. The characters shouid be displayed in an upright,
“rather than slanted manner. Cakir, et al. (1340) suggest a
review of the following pairs of characters as a quick check on
the legibility of the character set: X/K, 0/0, T/Y, S/5, I/L,
U/V, I/1. The difference between each pair should be easily
apparent in a well designed cheracter set.

Cursor

In evaluating a candidate VDT, the cursor and its properties

should be examined. A visible cursor, easily distinguishable
from the elements of the character set, is highly desirable.
One consideration which is usually application-dependent is the
specific format of the cursor — an underline or a reverse video
box. As yet no recommended standard exists, but the cursor is
an important user consideration.

Backspace Capability
Another design consideration that is typically application-
dependent is the backspace capability. Users should be queried

to see if backspacing is necessary for physical es well as
logical deletion of characters on the screen.
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Cursor Control

The need for cursor control, horizontal as well as vertical, is
snother design consideration. Applications hich require

screen editing may be facilitated greatly by a VDT with both
horizontsl and vertical cursor control.

Screen Memory and Scrolling

Other application-dependent design considerations are the

existence and amount of screen or local memory as well as how '

the memory is accessed, e.g., scrolling, Screen memory is an
expensive yet very us»ful feature in VDTS, To the extent that
the budget will support it, screen memory is a desirable
attribute; two to four screen pages of memory is the normal
range.

line by line, though for some application, page scrolling may be
desirable.

Display Enhancement Features

Again depending on the application, display enhancement
features may be a required for the VDT, Such capabilities as
reverse video, dual intensity, and blinking may help facilitate
tasks such &s data entry and monitoring. Blink rates should be
between 2 and 4 Hz, and it should be possible to blink portions
of the display as well as portions of individual lines of the
display. Another feature which should be considered is audio
capability; a bell or electronic noise may be a desirable
enhancement for some applications. The range of sounds which
the VDT is capable of making should be explored to ensure that

it meets acceptable auditory criteria and yet is not offensive
to the user.

Keyboard Attributes. Characteristics of keyboards include some general criteria,
characteristics of the keys, and the keyboard layout.

MIL-STD-1472C (1981), and Ramsey et al, (1979).

General Criteria

The most important criterion is the detachability of the
keyboard; this is a very desirable attribute in ameliorating the
effects of operator fatigue. Keyboard slope appears to be an
important user consideration; however, there is still
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Screen memory is usually accessed by scrolling, i.e., '

The primary references for
keyboard design considerations are: Cakir et al. (1980), Bailey (1982), Banks et al. (1980),




considerable disagreement about recommended standards
(Banks et al., 1980). The keyboard should also be considered in

eliminating luminance and glare problems of the workplace.
Key Characteristies

Tactile keystroke feedback is a generally desirable attribute,
with a key activation in the range of .26 to 1.5N. Key travel in
the range of approximately 1 to 8 mm is recommended. Keys
should be spaced at intervals of approximately 20 mm between
key centers. Key-top dimensions are recommended in the
range of 12 to 15 mm. Key legends should be examined to
ensure that they are moulded to the key to help prevent wear
and abrasion. Key-top surfaces should be concave and treated
to minimize glare. Important design considerations are failure
rate for keys, and the type of error which results at failure. If
special keys are needed, they should be integrated into the
keyboard and not separated from the alphanumeric section by
more than one inch, .

Keyboard Lajrout

The layout of the alphabetic block should conform to standards
for conventional typewriters. A separate numberic key pad is
desirable; however, there iz no current consensus on the most
desirable format. Typical choices are calculator vs. telephone
formats. The space bar should be at the toitom. All keys for
which unintentional or accidental operation may have serious
consequences should be secured by either position, additional
required key pressure, key lock, or two-handed key operation.
A task-dependent design consideration is the need for
programmable funection keys or color coded function keys.

Miscellaneous considerations. Several miscellaneous considerations are

recommended in evaluating a candidate VDT. One, which will be addressed more fully in
the next chapter, is response time. In consideration of VDT hardware, it is important to
be sure that the VDT selected is not an undesirable and limiting feature of the overall
response time in the human-computer interface.

A second design consideration which is particularly encouraged by the military
(MIL-STD-1472C) is the maintainability of VDT equipment. Before acquiring a VDT, the

designer should ensure that replacement parts are widely available and that diagnostic

77




procedures are in place. It is important for overall system cffectiveness to invest in

equipment which is reliable and speedily fixed when it malfunections.

THE ERGONOMICS OF COLOR ATTRIBUTES

During the last decade, CRTs and other display monitors capable of presenting

material in color have become relatively inexpensive. This hewly available capability to -

use color in eddition to monochromatic displays has been seized upon with great
ehthusiasm by programmers and other desiéners of the interface between computers and
méchines. Of course, the graphic arts community has for centuries worked with color in
presenting material to viewers. Unfortunately, with the exception of a small community
of artists who have adopted the computer as their medium, few people with the requisite
technical training in compﬁting have daveloped the appropriate skills in the graphics arts
to use color effectively.

Further, computers and their displays in a control environment are applied to the
communication of substantive information and data. Color displays represent
technologically, a new medium of communication; the application of this new medium to
unprecendented tasks has required the application of whatever knowledge that can be
. gleaned from older and different media which use color intrinsically, without really being
able to assess the appropriateness or the effectiveness of these efforts. It is only very
recently that studies of color in computer-generated displays have begun to appear.
Even fewer of these studies have addressed the ordinary human factors questions of the
effect of the tool upon the performance of the task.

In short, there is no well-ordered body of knowledge to guide us in the design of
computer;generated displays using color for communications within a control

environment. Some guidance can be taken from traditional color media, such as the
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graphic arts and motion pictures, but without assurance that these principles are truly
appropriate for the CRT display. Other principles can be derived from the human factors
literature, which has considered color in other contexts, such as the color coding of
controls and the selection of wall or background colors in a task-oriented enclosure. Still
other principles can be taken from the empirical experience of those who have explored
the use of color graphics for computerized generation 6f graphs, charts, and other types
of management-oriented information display.

Thus, most of the guidelines suggested in this section on color attributes should be
taken as tentative. These points contain more DON'T than DO guidelines; as human
factors research contributes more thorough knowledge of the use of color in computer~
generated displays in specific task environments, this situation will reverse.

Technical Definition

Color is a subjective phenomenon derived from' the sensory perception of
electromagnetic radiation with differing wavelengths within the visible range. Physicists
model color along a wavelength spectrum, from 380 to 780 nonometers. Table 5-1
identifies the colors associated with ranges within this spectrum. The intensity of a
color is associated with the energy or amplitude of the wavelength. The purity of a color
is associated with the ambient energy at other surrounding wavelengths. A color darkens
to black as the amplitude decreases to zero; a color fades to white as the surroundirg
amplitudes rise to matech it.

A uniform spectral energy distribution through the range 380 to 780 nanometers is
perceived as a grey, shading from black at the lowest energy level to white at the
highest. The different colors arise from this greyness as the energy at a particular
wavelength increases relative to the surrounding spectral energies. This dominant wave-

length is called the "hue" of the color. The energy or amplitude of the wavelength is
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Table 5-1
Wavelength Hue Psychological Aspect
- 630-760 Red |
590-630 Orange warm (advance)
560-590 Yellow
490-560 Green neutral
450-490 ' Blue cool (retreat)
380-450 ‘Purple } '
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called the "brightness" of the color. The ratio of the energy or amplitude of the
 wavelength to surrounding uniform energy density is called the "saturation" of the color,
f.e., how close it is to whi.te.

Physiologically, the human eye seems to be sensitive to three cdlors. The retina
contains three kinds of light-sensitive cones, each of which is most sensitive to
wavelengths for blue, red, or green hues. Figures 5-2 and 5-3 (Foley, 1981) illustrate the
response characteristics of the eye for these three kinds of cones and the overall
luminosity response of the eye.

Clearly, we perceive more than these simple colors. The color that we perceive is

a sum of the dominant wavelengths (those emerging from the surrounding white noise)

—

weighted by their relative brightnesses.. The distribution of the individual wavelength or

hue brightnesses coalesce into relative saturation. Thus, the three visual primaries, red,
green, and blue, combine to white at equal brightness to produce zero saturation.

We see in red, blue, and green; visual colors are various combinations of these
primaries. This fact has been taken advantage of in the Red/Green/Blue (RGB) and
Cyan/Magenta/Yellow (CMY) color models.

Several such schemata or models of the interrelations among hue, saturation, and

brightness which have been devised to allow the selection of a specific color by the -

specification of a set of coordinates in a "color space." This type of color model has
obvious appeal in computer graphies {or it allows color to be specified quantitatively.'
The RGB model (Figure 5-4) conceives the color space as a cube with red, green,
and blue as vertices of a unit cube. The vertex which joins the RGB vertices is black
while the vertex opposite the black vertex is white. Between the RGB color pairs are
vertic=s for the combines color; hence, opposite each RGB vertex is the complementary

color for that vertex. Grey is defined as shading the diagonal joining the black and the
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white vertices. The CMY model is represented by the same cube.

The RGB cube adds primary colors to black. The CMY cube subtracts colors from
white. The CMY colors are the complements of the RGB colors. For example, Yellow is
the sum of Green and Red which is White minus Blue. Hence, the RGB colors are termed
additive primaries while the CMY colors are termed subtractive primaries.

Any color within the cube may be specified as a set of RGB coordinates or
conversely as a set of CMY coordinates. This specification can then be translated into
hardware terms for color monitors which use red, green, and blue guns to produce a color
picture. The RGB coordinates become directly the proportional excitation of each gun
for each folor point on the display. Black is produced by not firing eny of the color guns;
and, at the other extreme, white is produced by firing all guns at maximum intensity.

Unfortunately, while the RGB or CMY model is very convenient from a hardware
point of view, it is difficult to relate the three-dimensional mapping of intensities of red,
green, and blue to the three-dimensional mapping of brightness, saturation, and hue. For
example, in RGB, different levels of greyness are achieved by adding equal amounts of
red, green, and blue to black. However, intuitively, we think of greys as different
admixtures of white and black.

To accomodate this intuitive perception, other color models have derived. Two will
be mentioned here, the HSV (Hue, Lightness, Saturation) models. These models may be
specified by three coordinates along the dimensions of brightness, saturation, and hue.

The HSV color model, often called the cone or artist's model of color, incorporates
the intuitive painter's notions of hue, adding white to decrease saturation and adding
black to reduce brightness. Figures 5-5 and 5-6 from Foley (1981) illustrate the
transformation from RGB to HSV. The three-dimensional HSV space is defined by

angular rotation to obtain hue, by vertical movement to obtain brightness, and horizontal
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movement or displacement from the central axis to obtain saturation.* "Adding white"
decreases the displacement from the central axis. "Adding black" decreases the vertical
location, the height coordinate. The central axis of the NSV model defines the full range
of greys, from black at the bottom to white at the top. White appears at the center of
the plane defining the top of the inverted cone. The color white is at the "origin" of the
plane. Hence, vector additions of veectors defined from this origin in hue saturation
coordinates, the chroma, defines an additive color. From this, it is easy to see that equal
vectors for the three primaries map to white, as expected.

The HLS color model, the double-cone model, is also frequently encountered.
Foley's illustration is given in Figure 5-7. Although similar to the HSC model, it is
somewhat less easy to use. It is not so intuitively obvious as the HSV model, because the
HLS representation of the color vectors available in the HSC model cannot be performed
in the HLS color space. The advantege of thg HLS model is a great expansion of the
desaturated colors which may te represented in the upper cone volumé.

Both the HSV and the HSL models share with the RGB and CMY models the
capability given to their users to specify any color with three quantitative and hence
computable coordinates. They enhance the usefulness of the RGB and CMY models by
using coordinates which are closer to a naive understanding of color and eslor making.
This is extremely useful because it allows the user to specify functional definitions of
color sets and ranges to be used in colored graphical presentations. More on this
capability can be found in a later section.

Color Perception

The perception of color is a physiological process. As such, the perception of color

*This is essentially the same coordinate system es used by computer disk storage.
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Single hexcone HSV color model.

Figure 5-6. Folcy & Van Dam, 1982, p. 614.
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Figure 5-7. Foley & Van Dam, 1982, p. 614.
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differs from one individual to another. The ability to diseriminate among colors is
normally distributed through the population. Typically, when viewers are presented with
colors defined by a three-dimensional mcdel like the RGB or HSV models, they are able
to relatively diseriminate many more than 100,000 different colors. However, as might
be expected from the 7+ 2 rule, far fewer colors can be reliebly diseriminated
absolutely. Indeed, various forms of colorblindness affect as many as five percent of the
male population. (Only an extremely small proportion of females are colorblind.)

Color perception also carries with it an emotional or psychological "feel". Various
colors are seen on psychometric ranges between hot and cool, near and far, relaxation
and excitation, emphasis and deemphasis. Coupled with this are the conventional
cultural meanings associated with different colors, for example, that red means stop or
danger while green means go or OK.

Information Contents

In the control environment, design employing color must be instrumental. Color
here is not used because it is pretty but because it conveys information to reduce error
and improve performance. This, of course, does not imply that aesthetic values may be
disregarded. Ugliness is a distraction. An ugly use of color will interfere with the
conveyance of meaning (unless the jarring impact of ugliness is used itself as an
informative measure, i.e., to gain specific attention.)

The designer using color in a control environment must use color for specific
effect, bearing in mind the constraints of physiological, perception, emotional content,
and accepted cultural meanings. The designer must make these aspects of color work for

him.
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Guidelinzs for the Use of Color.

The folle~ing guidelines are proffered for the user of color (Christ, 1975; Durrett &
Trezona, 1982; Szoks, 1982; Williges & Williges, 1981):

1. Do not convey any meaning by color alone. Color should be used as
redundant information, to "highlight' or confirm an informational
messege. The physiological perception of color is not uniform enough
to rely on the absolute discrimination of color to convey information
reliably. This is perticularly true with reference to colorblindness.

2. Color can be used in coding, but an upper limit of a dozen color codes
should be respected. '

3. Color coding should conform to accepted cultural standards. For
Americans, these are:

red -— danger, halt, stop, prohibited, fire
yellow — look out, risk involved, caution, hazards
green — go, OK, normal, desirable, safety

blue - inactive, status out of service

orange - dangerous, beware

purple — radiation hazards

white — inactive, status ready

4. In general, no more than three to five colors should be used in a single
display. The colors, when used for information coding, should be
separate from one another to the extent feasible. Leebeek (1974)
offers the following:

2 colors —green, red

3 colors —green, red, white

4 colors —green, red, white, blue

S colors —green, red, white, blue, yellow

5. Do not place complimentary colors side by side. These colors clash
and can produce a "jiggle™:

red/green
blue/yellow
green/blue
red/blue
yellow/magenta

6. The following are mentioned as colors which may be used side by
side:

blue/magenta
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13.

14.

15.

16.

17.

18,

19,

cyan/magenta
blue/cyan
yellow/green
yellow/red
magenta/red
cyan/yellow

Confine lighter blues to background areas or outline the color shape in
white.

On a dark background, alphanumeric data niay be displayed in white,
cyan, yvellow, yellow-green, or red,

On a light background, alphanumeric data may be displayed in high
contrast blue, black, or green. In short, use high color contrast for
charecter/background (figure/ground) relations.,

Since red and green are not easily visible at the periphery of the eye,
use white for signals to be perceived in this area.

Red tends to excite the eye and eventually cause eyestrain. Red
should be used judiciously to cause excitement, e.g., alert to danger.

Kaleidoscope color clutter should be avoided. This causes confusion
and eyestrain. Try to use a given color in a given region of the
display.

As the number of colors used increases, increase the size of color
coded objects.

Color coding in general speeds up search tasks,

Material presented in color is assimilated somewhat faster than
monochromatic data, but it is not assimilated more accurately.

Critical information displays using color should be designed so that
they can be printed or displayed on a monochromatic bnckup device
without loss of information.

Be consistent in the use of color codes. Once defined, a color code
should be used thereafter with the same meaning.

Outline in white.

Use background color to differentiate {unctionally different areas of
the displav.

On displays with only primary colors, for bar and pie charts, use one
color with different shading patterns and highlight with a solid color.
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For the best shading patterns, use one angle and vary the density.

20. On displays with large palettes, for bar and pie charts and for meps,
use a single hue and vary the brightness.

21. On displays with only primary colors, for curves, just two or three
colors may be used by using different line textures and weights. Do
not use blue to draw curves. Use color to key axes to curves,
especially with double labelled axes. . .

22. Color can be used to downplay information—to make something less
important use blue or cyan.

23. Above all, always use color for a specific purpose. Never use a color
without a reason.

The advice given above concludes that in general no more than three colors should
be used in coding and that no more than ten colors should be displayed at any one time.
Typical low cost color graphies devices provide an active palette of about eight colors,
including black and white. At first glance, then, it might appear that such devices are
completely adequate for color usage. However, an inexpensive eight color palette
provides, as a rule, just the RBG and CMY colors at full saturation. The exelusive use of
fully saturated color tends to produce eyestrain in the user and a loss of detail focusing
and to create a subjective feeling that the display is unattractively garish. The effect on
the eye is like that of viewing a television with the contrast control turned high. For
easy and accurate long term viewing, these fully saturated colors nced to be "toned
down."

Further, these simple palettes are unable to provide a "family" of colors. A color
family is obtained by holding the hue dimension constant while varying the coordinates of
saturation and/or brightness. The ability to define the coordinates of saturation and/or
brightness allows the fully saturated colors to be toned down. In addition, it is often
possible to substitute a family of ceclors for a fully saturated color when designing within

the three-on-the-screen limitation. For example, this is the difference between the
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guidelines (19) and (20). It also leads to the capability to provide three-dimensicnal
representations using shading colors from within a single color family.

24. This leads to the practical observation that the active palette of a
display device need not be very extensive, say 8 to 16 colors for most
work. However, the entire colcr palette should be definable in terms:
of a color coordinate system, either of the color cube variety or of a
color cone model.

25. Imaging refers to the display of scenes captured by sensors, such as
cameras, and converted to digital data or to the computer generation
of simulations of such seenes. In contrast to other categories of
information display which present abstractions of an object, imaging
attempts to reproduce the object with full fidelity. Thus, imaging has
two characteric requirements: very high resolution and a large active
palette. Resolution for effective imaging is typically on the order of
10242 and the active palette is typically at least 256 colors. These
characteristics give a requirement for several millions of bits to
completely specify an imaging display. As a consequence, little real-
time imaging with this quality of reproduction has yet been done. For
the next few years, imaging capabilities will likely remain in the
domain of expensive hardware which is only cost-effective in
specialized applications, such as video special effects.

Because imaging is the only graphics technique devoted to
reproduction of high-fidelity images, it also is the only technique
which can legitimately justify a large rctive palette.

26. When displaying text, a single character color should be chosen for
use within a single background field. This figure/ground relation
should be chosen to maximize the figure/ground contrast per (8).
Emphasis within the field should be displayed by a figure/ground color
reversal ("inverse video") rather than by introducing another color.

27. A practice to be explicitly warned against is the coding of characters
by color to indicate different classes of messages against a single
background. This practice generates unreadable displays and user
headaches. If coding of message content is required, prefix the
message string by an iconic symbol or by a solid bloek of coior.

Suffixing or end-delimitting the message string with a similar
redundant coior block should be avoided. Such suffixing can take
either of two forms. In the one, the suffix immediately fcllows the
message string. In this case, the color block will interfere with the
messages immediately above and below. In the other, the color block
suffix is placed at the right hand border of the message field. The
intervening blank space effectively disassociates the suffix from the
message and renders it useless as a redundant code.
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28. Typically, CRTs capable of generating color may also be used as a
standard monochrome monitor. This default monochrome figure/
ground relation should be used throughout to identify that region or
field of the display through which normal communications will take
place. Other specifically color-coded fields should indicate something
about the specific application in progress.

29. Some inexpensive color displays resolve in color only to the area of a
single character rather than to a single pixel. This type of display
should be avoided because this limitation severely limits the amount
and the location of text which may be displaved. Resolution should be
sufficient to define color for any pixel on the display as opposed to
character cells, However, in general, resolution does not need to be
greater than that available on standard KCRT's.

The accuracy of color electron gun alignment should be precise
enough that any color may be defined for any pixel on the display
without color distortion. This is of particular importance on the
periphery of the display field where "pincushion" effects may arise.
With inaccurate RGB gun alignments, characters appee: as varigated
colors rather than as a single color. '

Interaction Techniques and Tasks

In an automated environment, primary control is exercised By computers. The
human, in the role of a system supervisor, interacts with the mediating computer much
more sgctively and intensely than with the actual system being controlled. For this
reason a great deal of attention is now being directed to the tools and techniques for
interacting with computers. Special reference in this regard should be made to Newman
and Sproull (1979), Foley and Van Dam (1982), and Foley, Wallace, and Chan (1981).

In this section, guidelines for the use and application of several tools and techniques
for interacting with a computer will be given. An "interaction technique" is a
hardware/software assembly which allows a user to send data to a computer while the
computer is running a user process. An interaction technique is typically used in the
context of an informat'on or data exchange between the computer and the user. It is

thus a very special type of input device. Interaction techniques for input are generally
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used with a VDT or graphies output device. Table 5-2 lists several common interaction
techniques. Power region control keys and sensors are included but as yet are in the
experimental stage.

Foley, Wallace, and Chan (1981) identify six interaction tasks and four controlling
tasks. They differentiate between interaction and contrclling tasks in the following
way: Interaction tasks do not directly modify the displayed image while controlling tasks
do dircetly modify the displayed image.

For the purposes of these guidelines, controlling tasks will be included as
interaction tasks. Table 5-3 lists the tasks identified by Foley, Wallace, and Chan (1981).

In brief, the nine tasks are described by the following summary:

o selection—the user makes a selection from a set of displaved
alternatives.

o position—the user indicates a position on the interactive display.

o orientation—the user orients an entity in two-dimensional or
three-dimensional space.

o pathing—the user indicates a series of positions or orientations on
the interactive display through time.

o quantification—the user specifies a value to quantif{y a measure.
o text—the user specifies a string of characters to be used as data

0 stretch—the user moves a particular feature of a displayed entity
to a new position, while the remaining features are unaltered.

o manipulate—the user moves an entity about on the display in two-
dimensional or three-dimensional space.

0 shape—the user changes the shape of a two-dimensional or three-
dimensional displayed entity.

A variety of hardware/software configurations, as illustrated in Table 5-2, may be
adapted to the execution of these tasks. Foley, Wallace, and Chan (1981) analyze the

application of these interaction techniques to these interaction tasks. Their conclusions
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touch panel

light pen

tablet and stylus
mouse

Joysticks
trackball

cursor control keys
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Interaction Techniques

} direct interaction with display

indirect interaction with display

power region control keys

alphanumeric keyboard

functional keyboard

soft keys
chord
voice

sensors

keyboard based . .mmand and
data entry

nondirect Interaction with display

Table 5-2
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Select
Position
Orient
Path
Quantify

Text

Stretch
Sketch
Manipulate

Shape

re .
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Table 5-3:

Interaction Tasks

interacting

controlling

Foley, Wallace & Chan (1981)
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will be summarized here as they aoply to typical control room activities.

A note must be made regarding current use of displays for control purposes and
potential usages. At the present tin:e, virtually all NASA/GSFC display interactions
involve text and numeric data with which the human operator/supervisor interacis by
entering command strings with parameters. These applications are essentially modelled
on teletypewriter devices which have been available since the 1950's,

Recently, new approaches hsve been suggested to implement both interactive
graphics and color. The graphical representation of data inreel time hes the potential to
aliow the system operator/supervisor to exercise control by the pictorial manipulation of
representation(s) of the controlled system. Imr 2mentation of this approach is, as yet,
sometime in the future. These guidelines will reflcet what is the best of current
knowledge with regard to these future applications. '

The basic interaction techniques listed in Table 5-2 may be briefly described as
follows:

Touch Panel. A touth panel is based on a frame surrounding the display screen
itself. Within the frame the presence of un objeet, typically a finger, may be sensed and
its position determined. Such touch panels have been used in applications where a
keyboard cannot be provided and/or where designers have determined that a keyboard is
inappropriate for the intendad user. Its use has often been urged on the basis of its
extreme simplicity in use—the user merely piaces his finger at the desired location or
the display within the frame.

This ease of us~ obtains, howaver, only under stringent conditicis. The display
must be within an easy arm's reach cf the user. Due to the relatively large size of the
human finger in relation to a graphics display, only a relatively low resolution can be

obtained. This low resolution is forced by the requirement to compensate for human
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motor insccuracies in rapid finger positioning. A major component of such inaccuracies
is the so-called "sweep error" and its aggravation by the physical geometry of the display
in some touch panel implementations.

‘To obtain the highest resolution, the finger needs to be positioned at some distance
from the display and then moved in a single straight line perpendicular to tlie visual
surface of the display, somewhat like the old military academy custom of "eating a
square meal." In actual practice, a person "sweeps" a finger toward the selected point
and the tip of the finger traverses some are during approach and again during departure.
As a result, "extra" room mus be provided around each target position to provide space
for the f'nger arcing in and out. Without this room, the touch panel wiil spuriously
register "selections” which are in actuality only the finger on its way to the desired
location. The activation of such spurio:s selections is termed "sweep" error."

There are two generic types of touch panel, the "surface" and the "frontal plane."
The surface touch panel is constructed so tuav its sensing elements (primarily
capacitance) are embedded ia or lay directly on the surface of the displsy screen. The
frontal plane toush panel is placed in front of the display screen. Since most VDT
screens are in fact not flat but curved, i.e., a sector of the surface of a sphere, the
frontal plane touch panel is closer to the center of the display screen than to the
periphery of the display sereen. Hence, sweep error becomes worse as the finger is
positioned further from the center of the display.

| When surface touch panels are employed, this sweep error can be largely avoided.
However, while frontal plane touch panels do not obscure the view of the curved display,
ordinary surface touch panels use sensing filaments that "wrap around" the curved
surfece. Unfortunately, these sensing filaments are visible element:. The result is that
higher resolution can be obtained but a greater obscuration of the displayed image

occurs,
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The consequences of these considerations are that touch paneis become restricted
to use in selection tasks and that the number of alternatives must be quite low, on the
order of a 4 X 4 matrix on the face of a display within easy reach of the controller.
These restrictions may be quite acceptable in some situations, for example, information
retrieval. I the environment of real time control exercised by multi-person teams, the
limitations and inflexibility of these restrictions argue strongly against the use of touch
panels.

Light Pen. With a light pen, a light-sensing element is coordinated to the display of
a specific light-emitting image on the display sereen. The light-censing element is
typically housed in & ubular object resembling a pen (albeit vaguely), hence the name.

The resolution of a light pen is much greater than that-of a touch panei, but the
user is required to wield the device. When used with a keypad, a continued chanrge
between grasping and positioning the light pen and positioning the hands on the keypad is
required. Becausc the light pen must be held for activation nearly perpendicular to the
disoiay screen, an unnatural position in most VDT configurations, users tend to report
arm and hand fatigue after lengthy sessions. As with the touch panel, obviously, the
display screen must be within easy reach of the user.

The alternation between using a keypad and sing a lightpen is referred to as a
change in "modality." While many interaction techniques require a change in mocality,
the change with a lightpen is most drastic because the plane of the hand's movement is
changed from the horizontai to the vertical, i.e., a8 complete muscular reorientation is
required.

While the lightpen remains a very powerful technique due to its high resolution,
other techniques obtain cven higher resolution with less change in modality, thus with

less muscle fatigue and lower error in precise tasks.
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Tablet and Stylus. The tablet is a flat worksurface equipped with sensors to detect

the location of a stylus (pen) point on its surface. It may be used much like e sketch pad
and is frequently the input technique used for sketching. As the stylus point is detected
on the worksurface, a curéor or other pictorial element is displayed at the corresponding
location on the display screen. The tablet and stvius has been successfully used in a wide
variety of interaction tasks. However, because the tablet-and-stylus works best when
the tablet is the same size as the display sereen, it is a large piece of equipment. Since
the operating feedback comes from the visual display, a large degree of motor skill is
involved to move the hand holding the stylus while the eyes remain on the visual display.

Mouse, The mouse is a handheld device whose underside is equipped with wheel-like
rotating elements. The mouse is used to move a cursor displayed on the secreen. In
contrast to the tablet-and-stylus which determines absolute locations on the display, the
_ mouse generates relative movement of the cursor. A consequence is that the mouse may
be used on any convenient surface and that long cursor movements may be generated by
repeating short movements of the mouse. For tasks requiring cursor movement, the
mouse has consistently been determined to be the most practical interaction technique.

Joystick. The joystick is a mounted rod which the user pushes in the direction the
displayed cursor should go. It may work on the basis of angular displacement or
pressure. While conceptually quite appealing in its analogy to a pilot's control stick,
practical implementations have routinely suffered from non-linear response
characteristics. It is difficult for the user to determine beforehand just exactly the
angles and pressures required to bring the cursor to a desired position. As a result, an
extended period of trial-and-error is typically needed to obtein a given result; time to
complete tasks and error ratc .re relatively high.

Trackball, The trackbai is used to control relative cursor movement by rotation of
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the exposed surface of a ball element in the desired direction. A trackball is

conceptually a joystick without the stick. Trackballs exhibit the same problems of non- .

linear response as joysticks do.

Cursor Control Keys. This is a set of keys on a keypad. Each key controls cursor
movement in a separate direction. Typically right, left, up; and down cursor control keys
are possible. Thus, only right angle movements, horizontally or vertically, are provided.
Cursor control keys are used predominantly with the display of textual information to
locate a particular character on the display, i.e., movement is from one character cell to
another rather than from one pixel to another.

Some systems allow the terminel user to switch back and forth between different
modes of interpretation of the cursor control keys. In the text mode, the cursor
movements controlled by the cursor control keys define row and column coordinates. In
the graphics mode, the cursor movements define X and Y display coordinates. In such a
graphic mode, an object.such as a crosschair is displayed to indicate the current location
of the graphics cursor. Resolution to one pixel is easily obtained in this mode. However,
the penslty of Fitt's Law is quite high when movements are constrained to the vertical
and the horizonial. Fitt's Law asserts that

T = Q+Klog, A/(B/2)

where T is the time of the positioning move;

A is the length of the positioning move;

B is the size of the target;

Q and K ar : empirically determined constants.

Thus, for satisfactory use of cursor control keys, targets should be relatively large (i.e.,
of low resolution) and ample time should be allowed.

A major attraction of cursor control keys is that they may be built into the
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standard keypad, requiring no separate equipment or changes in the hand modality. The
preferred configuration of cursor control keys is illustrated in Figure 5-8. This
arrangement maps the intuitive relations of up-and-down and left-and-right. The central
key is often implemented as the Home key. Any key used to designate selection should
be removed from this immediate arrangement to avoid erroneous selections caused by
missplaced keystrokes.

Power Region Control Keys. This is a set of keys on a keypad. Each key controls

selection of a subregion of the display (Bocast, 1982). Figures 5-9 and 5-10 illustrate the
keypad arrangement and a typical selection sequence. Regions selected are indicated by
altering the background color of the display. Like cursor control keys, power region
control keys share the same hand modelity with the keypad and require no extra
equipment.

The principle functional difference is the speed of indicating a high resolution
subregion of the display. The power region technique, for example, can resolve to any 2
x 2 pixel subregion on a 512 x 512 display in 5 keystrokes. However, the nature of the
recursive reorientetion of the meaning of the control keys may make it difficult to
exercise this technique.

Alphanumeric Keyboard. The standard input device, providing keys similar to a

typewriter keyboard. Using the alphanumeric keypad, the user enters strings of
characters as commands or directives and data. As with ordinary typewriters, effective
use of alphanumeric keyboards requires the development of reasonably sophisticated
motor skills resembling those of touch typing. In one way or another, all interaction
tasks may be carried out using the alphanumeric kevpad, and it is found whenever
command-control computers are actively used. The interaction tasks are specified by

strings of characters entered by the user. Generally, the echo of the command itself as
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typed in and the effect of tne command must be displayed. Depending upon the
complexity and number of the available directives and the resolution required, lengthy
strings may be needec to fully identify and qualify a given command. As the number of

characters typed increases, so does the time taken and the error rate.

Function Kevboard. The function keyboard is a special purpose keypad. The keys

of the function keypad represent unique functions or procedures to be carried out when
the key is pressed, rather than alphanumeric characters. The funection keyboard can
greatly reduce the number of required keystrokes (as is demonstrated, for example, by
their widespread adoption as input to ~ash registers in fast food stores). Further, the
keypad itself acts as a physical menu of the possible control commands. Many terminals
incorporate function keys in the same unit as the alphanumerie keypad.

Soft Keys. Soft keys refers to a keyboard technique in which the definition of the
meaning of a keystroke is under software control. Typically, the current definitions are
dEplayed on the screen. When a key is depressed, the indicated function is carried out.
On some systems an erea of the display may be reserved for the soft key definitions and
certain designated keypad keys are permarnently associated with these definitions. At
the other end of the spectrum are menu-driven interaction routines. In these, a menu of
choices is displayed on the screen, and each menu choice identifies the alphanumeric key
to use to select the choice. With menu-driven techniques of this type, the entire
alphanumeric keypad becomes a set of soft keys. Intrinsic to the use of soft keys is the
need to set aside at leust some portion of the display for the definitions of the key.
Thus, soft key applications may restrict the controller's view of the system under
supervision.

Chord. The chord is a unit containing a set of keys pressed in combinaticns rather

than one at a time. Thus, several keys are played at once to produce a chord as on a
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piano. The need to remember the different chord combinations and then to finger the
chord accurately has proven to be a severe drawback to acceptance of chord devices. As i
a device, it is essentially an effort to reduce the number of function keys required to the |
log to the base 2 of the number of function keys. While this may greatly reduce the size
of the hardware, the use of more than 3 keys (8 chords) leads to rapid memory overload
ar:d rather slow human response times.

Voice. While all of the preceding techniques are based upon hand and finger
manipulations, voice techniques rely instead on the electronic interpretation of spoken
words. Systems capable of this task are rapidly becom:ing more sophisticated, capable of
understanding larger vocabularies at higher speeds. At this point, voice systems are
trained to specific voices. Voice input must be clearly enunciated, foreing a calm and
measured speech pattern. Words spoken hurriedly, while under stress, or even while
suffering from a cold, may not be understood.

For any given Word (token), voice input may be faster than corresponding
alphanumeric input. Quite clearly, major attractions of voice input are that it leaves the
hands free for other uses and that commands may be spoken into a neck microphone
while the user physically moves about. Functionally, voice input is an alternative to key-
board based techniques.

Sensors. Sensors refer to ongoing experimentation with currently exotie techniques
based upon whole body sensing. These techniques do not provide the user with a specifie
tool like a lightpen. Rather, they place the user in an instrumented environment which
senses the physical movements of the body and interprets these in meaningful ways for
the computer. Techniques such as those under dcvelopment in the Spatial Data
Management System by the Architecture Machine Group at MIT will need to be

considered carefully for future use, particularly in multi-person environments.
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It should be evident from these brief descriptions that the applicability of a specific
interaction tool or teclinique depends upon the tesk to be performed, the physical

environment of the task, and the characteristics of the user. This section's guidelines

would apply, assuming the following conditions:

1.

2.

o that the environment is one of real time command and
control. This requires a minimization of response time and
error rates.

o that the flow of data and commands is potentially complex
in its structure, requiru:g the ability to select quickly and
gccurately from among many alternatives and thus
requiring high resolution techniques.

o that control and supervision will be exercised by & team of
appropriately trained individuals.

o that voice communications will be used to coordinate and
pass information among teams of controllers.

o that data and system states will increasingly be presented
graphically and that three-dimensional physical or
symbolic animation will be incorporated into the repertoire
of data display techniques.

An alphanumeric keyboard should be provided ss the fundamental
interaction technique. No matter what other interaction technique(s)
is (are) employed, the user shonld be able to simulate the technique
using the keypad.

Corollary: The standard keypad should be capable of generating
a full 256 character set to support such simulation, using (CTRL) and
(CTRL)(SHIFT) combinations as well as special function keys.

Cursor control keys shouid be incorporated into the standard keyboard
in the preferred configuration of Figure 5-8. Ideally, the
configuration of Figure 5-8 may be adopted; this configuration allows
then implementation of standard text, standard graphics, and power
region cursor control.

Corollary 1: The display device should have addressing
resolution to one pixel. '

Corollary 2: The display device should support figure/ground
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3.
4.

5.

6.

, 7.

8.
9.
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reversals, like "inverse video."
Additional interaction facility should be provided by a mouse.

Touch penels are not appropriate for the real-time control
environment because of their lack of resolution and their requirement
for physical touching proximity to the display. Touch panels are
appropriate for untrained individual users making simple selections
from a fixed user position and outside of realtime, especially in
confined quarters where no provision for a keyboard can be made. A
touch panel would be excellent for a personnel officer working in a
submarine,

Light pens are not recommended in the control room environment
because of the requirement for physical touching proximity to the
display. For example, a light pen could not be used for interaction
with a large screen area display while a mouse may be used in such an
application.

The tablet and stylus are not recommended in the control room
environment because of the working surface they require and due to
the difficulties of eye/hand coordination in theii use. The tablet and
stylus are highly recommended for digitizing analog data, such as
sketching and maps.

Joysticks and trackballs are not recommended. Due to their non-
linear operating characteristics, they are invariably outperformed by
the mouse with its linear operating characteristics.

Chord input devices are not recommended. -

Voice input devices are in general cautioned against in the
multiperson control room environment. In this environment, the level
of voice communications within the team and with other groups
argues against adding to the gencral noise level. Indeed, in tia-
environment the "hands free" attraction of voice inpr't is
counterbalanced by the need for the controller to keep his mouth ir>e
for communications with team members and other groups.

Further, the present requirements to "train" a voice input device
argues against the emergency interchange or replacement of
controllers. At the current state-of-the-art in voice input
technologies, multiple training over several operators quickly
becomes very resource demanding. Voice input is appropriate for a
single well-defined task, such as security recognition or inventory
monitoring. In the first case, we have many users but a very small
vocabulary; in the second, we have a large vocabulary but typically a
single user.
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10. Soft keys should be used with caution in the control-room

environment because the key definitions can greatly reduce the

display needed to monitor the system under control and supervision.

Wken one can leisurely consider the data and then turn to

consideration of action alternatives, soft keys, particularly in the

form of menus, have proven to be very effective, even though time

consuming.

Corollary: Interaction techniques should be chosen and

implemented to preserve as much as possible of the view of the

system provided by the display. The guidelines suggested here will

support personnel inter-operability, support control workstation inter~

operability, support interaction with both individual and large-screen .

displays, and minimize the workspace and the hardware required at

each control workstation.
ISSUES FOR FURTuER RESEARCH

A great deal of research has been conducted on the human factors of VDT devices
in the workplace. Almost exclusively this research, has taken place in the environment
of the office. Many of these findings, for example, those concerning health hazards, are
generalizable to any environmen:. However, the validity of an extension of all findings
from an office environment to NASA's control room environment remains to be verified.

The first part of this chapter covered the ergonomics of VDTs in office
environments. An important qualification of these studies is that they have, in the main,
been concerned with monochromatic displays used exclusively for text processing by
single autonomous operators. A great deal of useful information has been developed
within this context. Unfortunately, little information is readily available on the topics of
color and graphics, which are of ever increasing importance in the control room
environment. These tc.chnologies and their upplications are still so new that enly bits and
pieces with a hunian factors impact have entered the literature. This is not to say that

there is not a wealth of material available on graphics, per se. However, nothing speaks

directly or indirectly to the human factors issues of computer hardware for graphics
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generation which is not subsumed under the other sections of this chapter.

The conelusions of the ergonomics sections need to be verifizd and extended for the

NASA/GSFC envirorment. But the realms of color and graphics for the NASA/GSFC
control room er;vifonment, particularly in a multi-person team context, are almnost
completely unexplored. Those in the field barely know yet how to phrase the correct
questions relating physical hardware capabilities for color and graphics to speed and
reliability in human performance.

The following are some examples of such basie questions which need to be examined

from the human factors perspective of human performance efficiency:

o What is the optimum display resoluticn for graphics tasks?

o Does the use of vector or of raster graphies technology impact
performance?

o Does color used in pictoral representation interact with the use

’ of color for coding?

o Is there an optimum or a threshhold for update intervals on
real-time animation?

o For information display in a real time control rooin, is there
any optimum subset of a 3-dimensional colcr space?

o] Can multidimensional interaction techniques be developed?
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CHAPTER SIX

HUMAN FACTORS OF COMPUTER SYSTEMS: THE SOFTWARE

INTRODUCTION

The previous chapter surveyed human factors considerations of the hardware or
physical characteristics of computer systems in general, emphasizing VDTs in
particular. This chepter will address the software or informational attributes of
computer-based systems.

Software or informational attributes are fundamentally design issues; that is, given
a piece of hardware and its associated capabilities and limitations, the software design
jssues concern how best to use the hardware capabilities to enhance the user-computer
interface. These are issues which are highly discretionary, giving a good deal of
flexibility to system designers. Morecver, these issues are critical determinants of the
effectiveness and efficierny of the human-computer system. Poorly designed displays
lead to operator annoyance, stress and strain, and in the worse case, operator error.
Unfortunately, the software design issues are not nearly as well understood as the issues
dealing with VDT hardware. Partly, it is a matter of time. Over the next several years,
as the research evidence accumulates, many useful guidelines can be expected. On the
other hand, some of the issues are difficult issues; they are often poorly defined and
dependent on an understanding of human information processing which is far from
complete.

As in the previous chapter, this chapter will present synthesized results from
published guidelines and, for those issues for which the evidence is still inconclusive, user
considerations. Topics include some general guidelines for the design of interactive

systems, properties and types of interactive dialogue, coding techniques, informational
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properties of displays, system-generated messages, and system response times. These
topics will be preceeded by a short discussion of the design problems created by the
introduction of computer-based displays into the command and control environment. The

chapter concludes with a discussion of the needs for further research.

DESIGN ISSUES FOR COMPUTER-BASED INFORMATION DISPLAYS

In traditionsl command and control environments, information is displayed using
banks of information displays, often called dedicated displays. Dedicated displays are
typically unimodal or single-function and hardwired to the console. Dedicated displays
present information in parallel, showing all the information they are designed to display
all of the time, with no potential for selectivity. The operator, therefore, is required to
assimilate the full set of displayed data, mentally and visually culling out that which is
pertinent to the situation at hand. For a complex system, dedicated display control
roomns have vast expanses of displayed data, inevitably leading to information processing
problems for operators anc space problems for designers.

An integrated information display is one in which many signals or pieces of data are
presented in an interrelated form in a small area, usually on a CRT screen. Computer-
generated information displays permit reconfigurable data screen formats in which not
all of the data are displayed all of the time.

Given the technology for integrated displays, the possibilities are exciting.
Integrated displays permit a selective presentation of information, providing a window
into the system so that only a small portion of the system variables are displayed at any
given time. Integrated displays centralize data, reducing the time the operator must
spend searching for relevant pieces. Such displays afford the possibility of combining,

summarizing, and abstracting primitive or low level status information in order to
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present it to the operator in a form more ecompatible with the operator's high level
information needs. Integrated displays pefmit designs which allow the operator to
control the displayed data, the level of detail, and the level of abstraction.

The advent of minicomputers, microcomputers, and CRTs makes the computer—
based control room an attractive alternative to conventional designs. Human factors
resesrch and emerging technology have continually improved the hardware aspects. The
design problem of what to display on the screen has received little attention, however.
This is basically a design problem, and the design problems for computer-generated
displays are complex. In a dedicated display configuration, the primary design issue
consists of a determination of the total information needs of the operator and, given
those information needs, determination of how best to display the information. The key
point, however, is tnit the designer of a dedicated information display system must
decide these issues only once, whereas the designer of an integrated information display
must make these decisions over and over again, for & multitude of system states and user
necds.

Integrated disnlay design must include three additional considerations. The first is
the dynamic capability of integrated displays. In a dedicated environment, information is
always present in the same form, regardless of the current information requirements or
system state. Integrated displays afford the designer the opportunity to create dynamic
rather than passive displays. Thus, a mejor design issue for integrated displays is not
only what to display, but also when to display it.

The second issue concerns the capability of computer-generated displays to vary
the level of detail of the displayed information. Integrated displays have the potential to
change the mode of the displayed Cata, to summarize or aggregrate lower level sources,

and to utbstract or present the states of multiple system components in a form more
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useful to a humsan operator. By relieving the human operator of some of the more
tedious information processing tasks required in monitoring and interpreting multiple
information sources, integrated displays can be very helpful in reducing the information
overload problems typical of data-intensive control stations. Integrated displays can
selectively display data, suppress less important pieces, and prioritize others.

The third major design challenge for integrated display stations is the need for
development of schemes to enable the operatur to access required information
effectively and efficiently. The goal in designing an integrated information display is to
make it as easy and natural for an operator to extract information from the computer-
based display as it was to scan the displays of a eonventional control room.

These design issues are critical in real time environments but relevant in almost
every setting in which a VDT iS used for decision making. Some of the design guidelines
and user considerations which follow begin to address these issues. However, for the
most part, there has been very little comprehensive research on fundamental design
principles for information displays. Except for some preliminary work on such properties
as coding techniques and some general guidelines on formatting and labelling, little has

been done to determine how best to exploit the power of computer-based displays.

GENERAL PRINCIPLES FOR EFFECTIVE DESIGN

Pew and Rcllins (1975) suggest that a fundamental requirement for effective design
of the human-computer interface is knowledge of the user population for whom the
system is being designed. This includes an understanding of user backgrounds and

knowledge, level of training, turnover in their jobs, and level of computer expertise.
At a deeper level, it is important to have an understanding of those psychological

issues which motivate users and thcse which limit user capability. A primary factor
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which limits or degrades human performance is the set of limitations on human memory
and human information processing. Both Martin (1973) and Shneiderman (1980) provide
brief reviews of psychological models of human memory and information processing
strategies. A more thorpugh treatment is presented in Chapter Seven of this document.
Although psychologists have not reached a consensus on the processes of information
storage, retrival, and synthésis, there is a good deal of irnformation which the designer
can use to avoid configurations which are likely to tax the human component ot the
human-computer interface.

The attitude of the system designer towards the intended user is also critically

important. Pew and Rellins (1975) suggest that systems should actively promote the.

personal worth of the individual user by respecting the intelligence, capabilities, and
professionalism of ¢he users. On an obvious level, this suggests the complete elimination
of computer-generated jokes, ridicule, or praise. The computer-to-human - dialogue
should be concise, professional, and clear; this includes system prompts, command
acknowledgments, and error messages.

Another generally agreed upon principle is that the user should be granted as much
control &s possible (Shneiderman, 1980). Good system‘ design matches the level of control
to the expertise of the user. Novice users will rely heavily on the system which tends to
control the human-computer interaction; intermediate and expert users prefer system: in
which the user has much more extensive control. A careful match of user to level of
control will help to reduce user anxiety and frustration.

Computer-to-human communication should always be characterized by consistency
and clarity. Error messages and other system-generated messages should be simple,
direct, and unambiguous. When reporting errors, wording which does not imply fault

should be used. Displays with variable format screens should strive to maintain
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consistency across display screens. The same coding techniques should be used across
sereens. Position should be used &s an information parameter whenever possible i.e., one
portion of the screen should be reserved for error messages and warning messages.

Pew and Rollins (1975) suggest two final general guidelines. The system should, to
the extent possible, carry forward a representation of the user's knowledge base.
Whenever possible and useful, the system should keep track of previously made user
choices and previously entered data so that the user is not required to reenter the data at
a later time. To the extent possible, the computer should be an active decision aid,
relieving the user of taxing bookkeepiné. Finally, systems should be designed to allow
users every opportunity to correct their own errors. Immediate feedback to users and
the opportunity to correct errors quickly are major advantrges of interactive -systems
and should be exploited in every way possible to minimize errors. Both are very
rewarding to the user and, at the same time, contribute direcetly to system

effectiveness.

THE DESIGN OF INTERACTIVE DIALOGUES

A fundamental design issue for the human-computer interface is the determination
of the nature of the interactive dialogue. There are several types or modes of
interactive dialogue. Choice of a particular dialogue strategy is typically both task-
dependent and user-dependent. Before embarking on a comparison of specific dialogue
types, an excellent presentation of dialogue properties provided by Ramsey and Atwood
(1979) will be summarized.

Basic Properties of Interactive Dialcgues

The dialogue properties discussed in this section are particularly important because

they apply to all dialogue types and have some empirical data which supports the
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conclusion. Figure 6-1 summarizes these properties and has been abstrected from the
Ramsey and Atwood stud-.

In designing a human-computer dialogue, the issue of initiative must be addressed.
It is importent to focus on characteristics of the user who initiates an exchange.
Research shows that computer-initiated dialogue is best for naive or casual users who
require few exchanges with the system. More sophisticated users prefer the user control
that user-initiated dialogues provide. Although there are design costs associated with it,
a mixed mode system which ellows the user to select the type of dialogue is probably
preferred to a single mode system.

Flexibility is a measure of the number of ways the user can accomplish a given
function. Some evidence suggests that flexibility is helpful for expert users. This is not

the case for beginner or intermediate users who tend to adopt a satisficing strategy,

- learning only enough commands to accomplish exactly what they need.

Complexity and power are concepts related to flexibility. Complexity is a measure
of the number of options available to the user at a given time. There has been little
research in this area. Some evidence suggests that too much complexity, particularly
when it is due to a large amount of irrelevant data, is detrimental to performance. At
the opposite extreme is evidence that deep but sparse hierarchic structuring, though
reducing complexity, is elso a detriment to performance. Display complexity is an
important issue and merits additional research.

The final property related to flexibility and complexity is power. Power is defined
as the smount of work accomplished by one user command. A powerful human-computer

dialogue allows users to accomplish a great deal with one or two "high level" commands.
There is a feeling among managers that a powerful system tends to confuse users.

Because power is often confounded with high complexity or a lack of generality, the issue
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PROPERTIES OF NUMAN - C(MPUTER DIALLGUES
(Rassey ond Atwood, 1479)

Dialogue Property Description

Cowsents

laitsative

FPlextdilicy

Complexicy

Inftiative §a concerned with whether the
user or the computer {nitiates the in-
dividual informstion tran:sctions within
the dlalogus. If the computer cska quss
tions, presents elternatives, etc., and
the user reasponda, the dialogus s
‘cocputer-initiated”. I€ ¢the user fa-
2uts coanands without such cocputcr
‘procpting”, tha dialogue fa “user-
Inftiated”. “Mixed fnitfatfve® and
‘variable-fnitistive” disloguss are also
possibdle.

Flexibility 1s & measurs of the nuzber
of ways 1a which & user can accoaplish
a given functton. High flextbility can
be achfeved by providing a larga nuaber
of cosnands by allowing the user to
define or redaflne coanands, etc.

Cosplexity §s o messurs of the nuader of
options avelleble to the user st a given
point in the dislogus, Low cooplexity
cen be ochicved by ucing few coemenda,
or by partiticaing the coemends £0 that
the user aelects from a small st ot

any glven time.

Computer-faitiated dialogues nre preferable for anafve
users or tralneea, and for casusl users. Casputer-
initlated dialogue ellows reliance oa paesive, rather
than active, vocabulary, fmplicitly teaches the user
& “synten madel™, end sllows use of the eysteo by a
user who has not yet {nternslized ocuch a molel.
Cozputer-inttietad disloguc 1e alea satiefactory

for enperfenced uscre 4f ure favolves fow trans-
sctions 7 syoten response 1a very fast. Th2 latter
ususlly fzpliee & “cosrc™terntnal. A alow, cocputes~
inftlated dialogue 1s very dfaruptive to the fregquent.
experfonced ucer. See the later ssctfca on “responce
ties”. For moot systems, decigners should conslder
sllcving tha ueer to celact elther Jdielogun coda.

There 1o evidence that nonprograrmer users adopt

a “satisficing” strategy with respect to flexibla
dlaloguss. That s, they tend to utilize known
gethods for solving a problea evea whea ths systea
provides leas cunbersoxe msthods, Lnown but not yet
learned by the users. There fs aleo evideace that
eore flexible dislogues dagrade porformance
(espectally by Increasing erzer ratcs) of ralatively
inaxperienced usera. Thue, highly flexidle dialogues
mey be undesirebla except for expzrienced and/or
sophisticated usera.

Tha eflecta of dislogue complextty ca performance cre
uaclear. It seems teazonsdle to expect that thare

fo son2 opticel level of cozplexity for a particular
tesk and user typs, with dogreded perfornance re-
sulting from eignificeatly aore or less conplex
disloguo structure. Thera le evidence vhich suggests
that a large nuzber of vedundeat or Srrelevant coa-
sende Icpalra user perfcrmance, sad that oxtrene
steplificotica™ of the dfslogus by hiererchic
structuzing 1o slan detrimenial.

Figure 6-1
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Duscription

Caznente
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Pover Powes o the saount of work accom= Obviously, the power of ths comeands sust soscwhat
pilaticd by ths system In respoase tO correspond to the user's nseds, which may vary
a elogle user coamand. Ia a dialogus over tire end usars. In soze spplication erase,
with gowerful coameads, the ucer may & dorge rengs of command powsr 35 poasible aad
accuaplieh, with s single cozmand, aa use of rulatively high-pover cozmendo cea be
opstatica vhich would require several wery sffactive (ea.5., matvin npecstors in & matha- ;
coznands 1a & system vith less powsrful wmatical eyotea). It pover 18 achieved by usiug o
cosavcds. peusrful coczands end fecilities_tnetead ot lesa
povecful, but more basic comzands, the result 1 & 2
reductfon in generslicy cf tho systea. The MICA 1.
study found this to be 8 stgnificont factor in '
systen rejectica by both canspgacre and techalcsl M
personnel. Oa the othur head, provision of powerful (o Xa]
coemands 1n sddition to a more banic sct tends to w3 ‘
tacrcase dialogue cozplezity. One possible soluticn 0N '
$s to partition tha dialcgue 2 tha less cophisticeted o=
ussr I8 enposed to a sub-set of comaznda. % >
r-
Inforustion laformstion 1oad 1s & measure of tha In most tasks, user performanco is advercely Qg
locd degres 1o which the fntarscticn ab~ sffected by informatica Joada which are alther too C>
sorbs the mesory and/ar processicg hizh or tca low. ,;z.’. ) id
(]
gesoucrces of the user. =
1
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of power may not be so easily resolved. As with initiative, the best system is probably
one which has a mix of commands: some low level and some quite powerful.

Ramsey and Atwood {1979) quote the design folklore which says "flexibility is good,
complexity is bad, power is good." They note that this rule of thumb is simplistic end
that a good deal of additional research is needed on these issues, especially for specific
user types and specific task domains.

The final charecteristic on which a human-computer dialogue may be evaluated is
information load. This is a measure of the cognitive load that the dialogue imposes on
the user. Ramsey and Atwood (1979) note that there is no evidence that existing
knowledge about the measurement and effects of information load is being applied to
system design. In fact, information overload is one of tha most common problems cited
~in conjunction with information displays, particularly in control rooms (Seminara et al.,
1979). The evidence is that user performance is affected by either too much or too little
information. There are numerous techniques for reducing information load. They include
use of displays, more powerful commands, more natural languages, and less operator
input.

Types of Interactive Dislogue

The selection of a dialogue mode is one of the most critical decisions in the design
of the human-computer dialogue. This section will review five major types: form-filling,
question-and-answer, menu selection, command languages, query languages, and natural
language. In addition to these, many other varieties and possible combinations provide a
spectrum of modes. Several sets of design guidelines for the selection of dialogue type
exist; reliable sources include: Martin (1973), Pew and Rollins (1975), Engel and Granda
(1975), Ramsey and Atwood (1979), Shneiderman (1980), and Williges and Williges (1981).

Form-Filling. Form-filling dialogue is appropriate when data entry consists
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primerily of parametric values. This kind of dialogue requires only a moderate . mount of
user training end efficiently replaces its hard copy analog; it is particularly appropriate
when there are multiple forms to process. Ramsey and Atwood (1979) report that form-
filling dialogue was found to decrease data entry time forty percent when compared to
unaided input.

There are several guidelines for the design of form-filling dialogue sessions. Input
frames should consist of fixed, protected background fields and variable foreground
fields. Background fields should always contain the same information and the cursor
should skip over them when a space or tab is executed. Vuriable fields should appear as
underlined blanks or a reverse video field which are to be filled in by the user during data
entry. .in exception is made for default values, which should be automatically displayed

bin the appropriate fields. User acceptance of defaults should be signified by means of a

carriage return when the cursor is positioned at the field. Easy cursor movement should
allow the user to proceed from field to field. Error messages should clearly indicate a
failure to provide a required entry.

Question-and-Answer. A question-and-answer dialogue is cne in which the user

responds to computer-generated questions. For the novice user, this is the simplist type
of dialogue; it is not particularly desirable for frequent or experienced users. General
format should be brief and concise with an obvious indication of the range and syntax of
the desired response.

Menu Selection. Ramsey and Atwood (1979) describe menu selection as the

archetype of interactive dialogue modes. The range of choices or candidate user options
is presented directly on the screen. This dialogue mode depends only on a passive
vocabulary and on memory recognition. The user need only recognize the desired action,

whereas both form-filling and question-and-answer dialogues usually require that the user
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recall needed input. In addition, menu selection dialogue typically requires minimal user
action to communicate a choice, one or two keystrokes, rather than the series of
keystrokes required to type words, phrases, or sentences. As a result, menu selection is
an attractive technique for non-skilled typists.

Existing guidelines for menu dialogues suggest that menu items should be ordered
on the basis of a logical structure or, failing that, in crder of expected frequency of
use. If multiple menu screens are used, the screens should be sequenced based on the
flow of the user's analysis.

There are a number of ways to designate choices; the most common is by t; »ing a
return when the cursor is positioned or the desired option. If a selection code is used, it
should be short, preferably one charscter. Numbers, beginning with 1 and continuing in a
normal sequence, and alphabeti~s, beginning with A, are the most common. Typieally,
codes are left-justified and the number of menu choices is limited to no more than ten to
fifteen itemns. Larger menus should be restructured and broken into logieal hierarchies.
A general guideline for all hierarchie displays suggests that the user should be given some
indication of his current position in the hierarchy and a means of quickly moving around
within it.

Adcditional guidelines on menu design ean be found in Williges and Williges (1981);
however, as Ramsey and Atwood (1979) point out, few of these are supported b7 hard,
empirical facts. Most are the result of expert opinion.

Command Languages. Command languages constitute the most common interactive

dialogue mode. This mode is the most hardware-efficient and minimizes user waiting
time. How .ver, it is the mode which provides the least assistance to users, and, excer:
for extremely simplified systems, requires highly trained users.

There has been littie research suggesting guidelines for the design of command
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languages. Ramsey and Atwood (1979) provide a review of existing literature. They
suggest that future work in this area is necessary and shoﬁld include topies such as
command language structure and complexity; statement syntax including keywords and
positional forms, separators and terminators, and abbreviations; aefault values; command
choice; commund strategy, and overell dialogue style.

Query Languages. Query languages can be considered as a subset of the command

language dialogue mode. In & query language, the user interacts with a system whicn has
access to a data base. The querv lenguage is used to retrieve informeation from the data
base. Ramsey and Atwood (1979) note that “here has been little generic research on
query languages; rather, research has focused on specific query languagis. The general
consensus, however, is that both ccmputer-naive and computer-experienced users can be
taught to use query languages. One study summarized by Ramsey and Atwood (1979)
indicated that a layered or partitioned approech to query language design is most
appropriate. This strategy would facilitate use by both experts and novices. Beyond this,
however, there are few generally agreed upon guidelines. One fairly recent study
described by Ramsey and Atwood (1979) found that users are flexible and van learn to
work with data bases having various structures so long as the structure matches the
user's perception of the underlying problem structure.

Natural Language Dialogite. Of all the dialogue modes, the natural dialogue mode

is the most recent and thus, experimental, and yec it is the most appealing. The ultimate
goal is to allow the user to interact with the computer in as natural a way as one would
interact with another person. This goal, the unconstrained use of natural language
diaiogue, is not vet feasible. Present strategies require that the dialogue be restricted,
creating a quasi or restricted natural language dialogue mode.

The major restrictions are on syntactic and semantic structures. Syntactic
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constraints include structure, spelling, grammatical errors, and ambiguities. One area

which is receiving research attention is the development of languages in which the
computer system detects problems such as spelling errors or ambiguities and initiates
corrective action.

The semantic or vocabulary restrictions typically require that the user's choice of
words be severely restricted. In problem-solving contexts, several studies have shown
that a restricted vocabulary does not seriously affect performance.

Ramsey and Atwood (1979) note that progress toward the total elimination of both
syntactic and semantic restrictions is being made in the artificial intelligence area. It is,
however, unlikely that results will be available in the near future or, if available, cost-

efficient for nonexperimental systems.

CODING TECHNIQUES

Information coding is intended to assist the user in rapidly and effectively
processing displayed information. Some of the existing guidelines were developed
speciﬁcany for computer-based displays; the remainder are derived from traditicnal
human factors sources and were developed primarily for electromechanical displays. The
majority of the empirical studies compare two or more techniques, often in a task-
specific context. Ramsey and Atwood (1979) point out that though this research is
helpful in selecting a particular technique, there is little research which a designer can
use to assist in applying a particular coding technique.

Several overall guidelines should be kept in mind when designing displays that use
codes. Codes should be meaningful when possible and, ot a minimum, be clear and
consistent with the user's expectations. Color coding with red, for example, should be

used sparingly &nd reserved for emergency or criticsl events or information. Coding
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should be used only if it increases legibility and diserimility; it should not be employed if
it seriously affects response time or otherwise degrades the informational environment
of the human-computer interface. A review of specific coding techniques follows:

Alphanumeric Coding

Alphanumeric coding, the most prevalent type of display coding, is the most
accurate technique for identification tz;.sks and is often used in search tasks. Its primary
advantage is its unlimited number of coding categories. Problems with alphanumeric
codes include space on the screen for the symbols, cognitive load due to the need to
recall, and meanings associated with symbols.

Shape Coding

Shape coding, the use of such things as geometric symbols to convey information, is
very appealing and is a natural application for computer graphics displays. There has
been, however, little empirical study on the utility of this codinT technique.” Research is
underway to evaluate the feasibility of using shape coding to represent multi-attribute
data where the shapes vary according to the data values. This research is still very
speculative, and no {inal evaluation of the merits of the technique has.been made,

Research does indicate that shape coding is useful for visual search and
identification tasks (Ramsey and Atwood, 1979). A key issue in shape coding is
discriminability. The use of no more than fifteen different symbols is recommended;
and, when possible, meaningful shapes should be used to help maximize the user's ability
to discriminate among symbols.

Color Coding

Research sugzesting appropriate guidelines for the use of color in information

displays began to occur following the advent of color displays and color graphics

terminals. Research suggests that color coding—both redundant and nenredundant—
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vields better performance than other static achromatic coding techniques in'visual
search and identification tasks. Research also suggests that color coding must be
"relevant" in order to produce the performance adventage; that is, the color choice
should be logical, and the user should have brlor knowledgze of the color of the target
item,

There is some disagreement about whether color should bte a redundant or
nonredundant attribute in the information display. Problems with user colorblindness or
color-weakness suggest that color coding as a redundant attribute may be preferred for &
large, nebulous user population. If color is used redundantly, there may be some question
as to the merits of using color at all. Research suggests that users have a strong
preference for color displays, even when the use of color results in no measurable
performance benefits (Ramsey and Atwood, 1979). Hence, color may be a component
which enhances the "comfort level" of the workplace and, thus, mey be an important
aspect of a human-engineered workstation.

There gre numeroﬁs guidelines on the use of color (Durrett and Trezona, 1982;
Ramsey and Atwood, 1979; Szoka, 19582; Willeges & Willeges, 1981). Most, however, fall
into the category of expert opinion rather than empirical evidence. Future research
needs to evaluate such recommendations carefully. Existing guidelines include the
following recommendations:

o Color coding should be used (1) to highlight related data
spread about the screen; (2) to locate and flag headings, out-
of-tolerance data, newly entered data, or data requiring
immediate attention.

o Color coding should be used cautiously to avoid clutter and
unpleasant visual effects for the user. Bombarding the user

with many brilliant colors will cause eye strain and
cognitive load.



o Limit the number of colors (fewer than eleven are
preferred) and number of hues. The use of different hues is
often an effective alternative to using different colors.

o In selecting colors, chcice should be in keeping with the
user's cultural expectations, e.g., red is for danger or
emergency, green for normal. o

o In text displays with dark backgounds, red and magenta
cause eyestrain and should be used sparingly. White, yellow,
end cyan are easiest to read. If a light background is used,

high contrast colots such as blue, black, and green should be
used. .

o Compatible color combinations should be employed.
Recommended combinations are. blue/magenta,
cyan/magenta, blue/cyan, yellow/green, yellow/red,
magenta/red. Authors note that white works well with
almost everything. Adjacent colors should be pleasing, and

care should be taken to avoid bleeding. Outlining in white
helps to distinguish adjacent colors and limit distortion.

Highlighting

Highlighting, like other coding techniques, permits the emphasis of some o ortion or
portions of an information display. Although, generically speaking, highlightine an be
extenced to include color coding and blink coding, the highlighting discussion here will be
limited to the technique of adjusting the brightness of displayed information or of
presenting it in reverse video. Highlighting is typically used to attract user attention and
to give feedback. For example, if a user is working on some field, the field should be
highlighted so that the user knows precisely what is being manipulated.

Highlighting, just as color and shape coding, should be used cautiously. Some
guidelines recommend that effective L:ghlighting requires that no more than ten percent
of the display should be highlighted at a given time. As with shape coding, maximum
contrast is desired to enable the user to quickly and accurately distinguish between those
items which are highlighted and those wkhich are not. If there are two levels, normal and

reverse video are recommended (i.e., if the .ormal mode is light character on a dark
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field, reverse video implies dark characters on a light field). At any given time, a
maximum of three level of brightness is recommended in order to ensure
diseriminability.

Blink Coding

Hardware requirements for blink ccding were reviewed in Chapter Five. In
particular, the blink rate must be within specified tolerances in order to enable the user
to match his/her scan rate with the blink rate.

Blink coding should be used to attract the user's attention and is particularly helpful
in high density displays. One empirical study found a 50% improvement in search times
when target class items were blinked.

As with other "attention demanding" coding techniques, blinking should be used
conservatively. Only a few items should be blinking at a given time. Although users can
distinguish up to four different blink rates (one nonblinking), restricting the categories to
two is recommended, with an absolute maximum of three. Multiple blink rates and/op
persistently blinking items can be very irritating, potentially causing eyestrain and user
fatigue. The user should always be able to stop the blinking of a displayed data item.

Miscellaneous Codes

A number of other techniques for coding have been tried, though few with empirical
evaluations. These include size, depth, motion, focus or distortion, and sound. Sound, as
a coding technique, should be used very conservatively. Although it can be used

successfully to attract attention and to present information in parallel sensory channels,

it is a technique which, if overused, can quickly overload and impair the user's

information processing capabilities.
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COMPUTER-GENERATED MESSAGES

Communication from computer to human is a critical component in the human~
computer interface and is accomplished by computer-generated messages which appear
on the CRT screen. These messages include prompts for more information, status
messages, and help messages. In providing general rulcs whiéh guide the design of all
computer-generated messages, Engel and Granda (1975) recommend that messages be
concise but clearly understandable to the user. Cryptic codes are not useful and often
disfunctional for nontechnical users. In order to try to match the level of the message
with the level of the user, more detailed messages can be provided upon user request.
Messages should provide the user only necessary information which is immedietely
usable. Moreover, the message should be self-contained and not require the use of an
off-line reference manual. Jargon should not be used, and abbrevietions should be used
very conservatively. When used, abbreviations must be consistent throughout.

In formatting messages, information for immediate recall or information which is
difficult to remember should be placed at the beginning of the message; in contrast, easy
to recall and less importart information may be placed at the middle or end. Items
which must be recalled only for immediate entry are also placed at the end of message
text.

Error messages must be designed with the user's level of expertise in mind. This is
a case-in-point of the general rule, but is critical in the design of an effective and "user
friendly" system. Error messages should always reflect a respect for the user's
intelligence and professionalism. No attempt at humor or punishment is acceptable.

Messages should be available upon user request.
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INFORMATIONAL PROFERTIES OF VDTS

Informational properties of VDTs are the collected attributes which define how
data is arranged or presented on a screen in order to convey meaningful information to
the user. Using the convention that information is the meaningful part of data
arrangement, this section addresses some of the guidelines and user considerations which
may be incorporated into the design process in order to reduce the amount of information
processing required of the user.

Information overload is a problem for all designers of command and control
information displays. The introduction of computers into control rooms, however, has
the potential to aggrevate the problem further. In conventional, dedicated-display
control rooms, there was a limit on the number of electro-mechanical displays . .. could
be packed into a workstation which was typically highly constrained. Comr-*cis permit
the almost limitless display of different pieces of data by allowing the huma: perator to
call up various display pages. This capatility is often linked with the design and
operstions prejudice that too much information/data is preferrable to too little. From a
human factors perspective, this trend has potentially adverse consequences. One
overwhelming conclusion substantiated by recent research is that the human information
processor is very limited. He/she is slow, can handle only a few pieces of information
simultaneously, and is tremendously burdened by the need to perform extensive data
selection and integration. Displays with too much low level data, requiring continuous
monitoring and periodic selection and integration of spgcific data items, risk information
overload for the operator. Computers offer one compensation to offset the volume of
data they are capable of displaying in that the computers may be programmed to display
the data in integrated, nggregated forms more compatible with the user's needs; that is,

computers can be programmed in such a way as to perform some of the user's



information retrived and synthesis tasks. Such displays function as user decision aids and
are at the very edge of current research. As a result, research in this area is far from
complete. This section will summarize the relevant results and indicate directions for
further research. It is important to note that many of the guidelines and user
considerations previously discussed are also helpful in converting low level data into
useful information. A review of specific information properties of disg'ays follows:

Display Density

Ramsey and Atwood (1979) note that display density or the amount of information
contained on one display page involves both perceptual and cognitive issues. As ihdicated
above, information overload is a serious problem in designing displays for real time
environments. It has been shown repeatedly that increasing the number of data items
displayed on the screen increases the time it tekes to make decisions as well as
increasing the number of operator errors. This is true whether the displayed data is
relevant or irrelevant to the user's immediate decision making needs. Research,
however, has not specified an "optimal" number of display elements. Ramsey and
Atwood (1979) suggest that this number is task-specific.

The guidelines which have emerged suggest that the number of simultaneously
displayed items should be minimized. Moreover, irrelevant displayed data should be
reduced or eliminated. Monitoring, examination, and rejection of irrelevant data
requires a portion of the user's cognitive resources that could be better employed in
processing data relevant to the decision at hand.

User control of displayved data is an attractive attribute. By providing users with
the capability to eliminate irrelevant items and also the ability to reverse such decisions,
display designers are permitting displavs which are sensitive to the user's subjective

preference. Research has shown that there is a greal deal of variation in the desired
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amount of displayed data (Ramsey and Atwood, 1979).

Programming low level data into a2 form more compatible with the user's high level
information needs has also been shown to decrease errors and improve operator
performance on command and control tasks (Mitehell, 1980), Methods for preprocessing
do not exist, except for tesk-specific applicat.. .. A generalized methodology is needed.

Finally, density may bé reduced by appropriate data organization and display.
Techniques such as spacing and highlighting may be used to relate and group data, helping
the user to turn data into information.

Formatting Computer-Based Displays

A major portion of human factors research addresses the issue of display design and
layout., Unfortunately little of it is applicable to computer-based displays; the majority
was developed for analog, electro-mechanical, dedicated displays. Of the material
developed specifically for computer-based displays, the best is the presentation by Engel
and Granda (1975)., They recommend the use of perceptual organization of displayed
data. Such organization can be accomplished in a variety of ways. One recommendation
is to reserve certain portions of each display page for certain types of information, e.g.,
one area for error messages, another for user input. Ways of increasing the user's
perception of structure include separation of a fairly uncluttered screen into windows by
the use of blanks and the use of lines, colors, or intensities to distinguish windows oi
information in cluttered screens. The designer is warned against breaking up the screen
into too many small windows; this practice also contributes to display clutter.

Lists of items should be kept fairly short, with seven items the typically
recommended maximurﬁ. Lists should be organized logically, either by frequency of use
or, if there is no logical pattern, alphabetically. Individual items should be put on
individual lines. |
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A variety of other user considerations are presented by Williges and Williges (1981);
however, there is a great deal of debate as to the m.erits of most of theri. The entire
area of cognitive/perceptual organization and display layout is critically important and
requires a good deal of serious research.

Graphical vs. Nongraphical Displays

With the advent of the technology of computer graphies, display designers have a
choice between alphanumeric and graphical display formats. Ramsey and Atwood (1979)
found a disappointing shortage of literature dealing with this question. Currently, the
major determinants of the effectivencss of these two strategies are the relative
importance of speed vs. accuracy, i.e., whether cr not the user is required to recall
fnformation after the display is gone, and the type of information displayed. Although
there is still some conflict in research results, information displayed graphically can be
processed with more speed, yet alphanumeric displays permit greater accuracy. Some
research indicates that alphanumeric displays, while slow to process, are more conducive
to memorization.

In general, users react favorably to the suggestion of graphical displays. Perhaps
based upon the conventional wisdom that "a picture is worth a thousand words", there is
an increasing trend to use graphical displays, even though they often require expensive
hardware and software. A clear priority in future research is the need to explore the
appropriate uses and applications of graphics displays.

Formatting Tabular Data

For both tabular and graphicel displays the best source of guidelines may be the
existing graphic design guidelines used by artists and publishers.
General rules suggest that data to be scanned and compared should be presented in

tabular form with each item starting on a new line. The arrangement should have some
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useful order, e.g., frequency of use, importance, functional groupings. For ease of
scanning, lists should be left-justified with indentation for subitems. Lists should be kept
short, preferably within one screen.

Formatting Graphical Data

Most research in the display of graphical data is for noncomputer-tased displays, is
out-of-date, and does not form a cohesive, integrated collection useful in specifying
comprehensive guidelines. Some general ideas can be drawn from this research,
however. In genecral, it is better to integrate multiple graphs, i.e., multiple lines on a
single graph are better than multiple grephs, particulsrly for the comparison of trend
lines. Axes should always be labelled. Symbols should draw on the cultural background
of the user.

Formatting Alphanumeric Data

Numerie fields should be grouped for readability. Punctuation can be handled with
commas, spaces, or hyphens. Lists of numbers should use decimal point alignment and
nondecimal numbers should be right-justified.

Alphabetic or textural data should use simple, concise sentences which are active in
voice and affirmative in tone. Text should be left-justified and displayed in both upper
and lower case. Paragraphs should be double spaced. Hyph2nation and unnecessary
punctﬁation should be avoided.

Labelling

Labelling is the act of plecing a descriptive title, phrase, or word adjacent to a
group of related objects or data. Labels can provide a quick source of information to the
user. Every column and variable should have a label in order to facilitate user scanning
and comprehension. Generally, upper case labels are preferred. An acceptable

alternative is highlighting. Labels should be composed of distinct, meaningful names
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which are easily diseriminated from swrounding labels and data.

Further Resecrch

Many issues on the informational properties of computer-based displays require
further research. This area, more than any other, has received the least attention and
yet, because of the flexibility made possible by the computer driving the displays, has the
most design possibility and related concerns. The most difficult questions are raised by
attempts to specify guidelines besed on a cognitive or perceptual view of the user.
Displays which take into account the user's strenths and limitations and are firmly
grounded in good psychological theory are frequently described as "user friendly"
displays.

SYSTEM RESPONSE TIME

Although system response time is not a property of a display, it is a critical
determinant of the success or failure of an information display system. An interactive
display which is too slow will aggrevate users and detract from the overall effectiveness
of the human-computer interface. An interesting csse in point is Multisatellite-2 at
NASA/Goddard. Although the human fectors of the display system were very well
engineered, the overall system response time was so poor because of the necds of the
color, graphical displays, that users preferred the mcre primitive yet responsive display
and control environment of Multisatellite-1. R. B. Miller (1968) has presented a list of
recommended response times. This list, though not completely substantiated by
research, is widely quoted and provides rough estimates for designers. Miller's list is
reproduced in Figure 6-2. Whether or not these exact times are met, & critical
component of a system evaluation should be the examination of the system to ensure that
the operation is not too sluggish and that the users feel comfortable with the response

times.
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‘User Activity

Contrcl activation (for example, keyboard entry).
System activation (system initialization).
Request for given service:

simple

complex

loading and restart
ﬁrror feedback (following completion of input).
Response to ID.
Information on next procedure.
Response to simple inquiry from list.
Response to simple status inquiry.
Response to cor-lex inquiry in table form.
Request for nex. o,
Response to "exe...e :oblem."
Light pen entries.
Drawing with light pens.
Response to complex inquire in graphic form.
Response to dymamic modeling.

Response to graphic manipulation.

Response to user intervention in automatic process.

Figure 6-2., Systenm response time as a function of user activi

(R.B. Miller, 1968)
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CHAFTER SEVEN
CONCEPTUAL ISSUES IN HUMAN FACTORS
CONSIDERATIORS FOR CONTItOL ROOM DESIGN

INTRODUCTION

In the spectrum of human factors considerations for control room design, there ave
many areas which have well-defined issues and thorough, well-formulated design
guidelinw based on meny years of practical experience, theoretical development, and
empirical research. Particularly in areas related to the use of computers in the
command and econtrol anvircnment, effective design guidelines become more sparse and
there seem to be many more questions than answers. Even in these areas, though, most
of the issues are fairly clear-cut end the questions well-defined. Some human factors
considerations ere so new, however, that even the questions are hard to articulate. This
chapter presents some of these issues and demonstrates their importance in system
design. In addition, the chapter begins with an overview of inforination processing
models of the human operator. This collection of psychological theory is neither clear-
cut nor easily converted into useful design guidelines. Yet, it represents what is known
and/or hypothesized about human beings and how they process information. This is the
bedrock on which all past, current, and future system design guidelines must be based in
order to be effective. As such, it forms a fitting bridge from the guidelines material in
previous chapters t¢ the more speculative and conceptual materials in this and

subsequent chapters.
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CONCEPTUAL MODELS OF INFORMATION PROCESSING

S PO

The study of human information processing has received much attention in response
to the increased use of computer systems and the increased recognition of need for
better human-machine interfaces. Understanding the conceptual basis of human
information processing is important for any student of human behavior and is especiaily
necessary for those who utilize humans as system components. Keantowitz (1982) argues
persusasively for a human fectors approach to human information processing, which would
integrate theoretical research results within applied settings. The benefits of this
approach include a valid and reliable foundation for specifi= system design guidelines and
a more effective human component in a system, with greater productivity and less
mergin for error. However, no framework exists for taking this approach. The following
discussion attempts to construet a framework for a human factors approach by
presenting an overview of several conceptual models of infermation processing and
integrating specific guidelines where they exisi.

Definiticns

Human information processing can be defina® as an active cognitive process that is
analogous to a system. It is a flow and transformation of information within a human
(Kantowitz, 1982). The humen is viewed as an active information seeker who is
constantly receiving, processing, and acting upon the surrounding environmental stimuli.
Hiuman information processing models are conceptual representations of cognitive
behaviors. They attempt to delineate what cognitive processes occur and when and how
these activities interact. Models of information processing are useful in representing the
different theoretical positions and in attempting to define the limits and capabilities of

human memory.
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To plece limits on the humen's information processing ebilitics, an objective
measure of information must be used. Psychologists measure information in bits (the
term is a shortened version of binary units); a bit is the amount of information aveilable
to the human when one of two equally likely alternatives is chosen. The exponential
relationship between bits and amount of information is expressed mathematically as:

H = Log,K

where K is the number of equal alternatives and probabilities, and H is equal to the
amount of infermation received. If the human is presented with eight equally likely
alternatives, a choice will yield three bits of information; sixteen alternatives, four bits,
and so forth. The relationship is also expressed as the number of bits increasing as the
amount of uncertainty decreases. It is estimated that the human memcry can store
between 100 million and 1 million billion bits of information (McCormick, 1976), a
greater storage than any existing computer storage. Figure 7-1 illustrates the bits of
information a human receives when processing familiar items like digits and letters. The
system designer would seek to measure information objectively in bits, to provide a
criterion for applied issues. When the amount of information received is considered in
conjunction with human processing capabilities, affected design issues include number of
displays for one tesk, number of coded colors on a command panel, or number of auditory
codes,

Human vs. Computer Information Processing

Many human information processing models are analogous to computer information
processing systems. The underlying flow or structure sppears to be the same. Figure 7-2
represents a simplified flow diagram that applies to both human and computer
information processing systems. Humans input data from the senscs while the computer

system receives it from interactive devices. Both systems recognize, attend to, process,
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Bits oF gmeormaTiCN

BINARY DIGIT
DECIMAL DIGST
LETTERS
ALPHA=NUMERICS

Figure 7-1,

1.00
3.32
4.70
L7

Martin, 1973, p. 337.

FLow DIAGRAH OF HUMAN/CONPUTER INFORMATION PROCESSING SYSTEM

Data \ Processing . Data
IHPUT 4 71 oureur
1T ]

Figure 7-2,
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and store information, and both output some kind of informaticn or action. The data
output often becomes the data input for the next thought or task, creating a continuous
loop process in both human and éomputer infermation processing.

When a human is placed within a computer system, it is important for the designer
to recognize that the human processing system interfaces directly with the computer
processing system. Figure 7-3 is a simplified flow diagram illustrating this interface.
The output of one system provides input for the other, and to ensure optimal operations
the computer processing loop should interface smoothly with the human processing loop,
i.e., overload or ambiguous messages should be avoided.

Short Term Memory/Long Term wlemory Store Model

The traditional conceptual information processing model is the short term memory
(STM)/long term memory (LTM) store model. Proponents of this model conceptualize
information processing as occurring in three distinet memory stores: sersory, short term
memory, and long term memory. The stores are not physical entities existing in the
human's mind, but rather, useful theoretical structures delineating the ongoing cognitive
activities. A flow chart representation of this model ecan be found in Figure 7-4.

The initial memory store for information processing is the sensory store. It is a
perceptual store thought to have two major sensory channels and to operate on a
subconscious level. The visual or iconic store receives information from the eyes while
the auditory or echoic store receives through the ears. Sperling (1860), and Darwin,
Turvey, and Crowder (1972) offer some experimental evidence for the exiscence and
differentiation of these two sensory stores. Both are considered brief repositories for

perceptual information capable of holding up to four or five items known as the span of

apprehension, for 10 to 200 milliseconds (Loftus & Loftus, 1976).

It is an accepted fact that a large portion of the visual and auditory information in
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en environment is perceived by the human. The cccktail party phenomenon illustrates

this. When in a situation where several conversations are oceurring at oace, the humarn is

able to perceive many of them. However, the raw sensory information is useless until
some meaning is attached to it. The processes of pattern recognition and ettention
accomplish this and in doing so, transfer the selected information into the next store—
short term memory. Otherwise, the sensory store has a very rapid decay rate. The
human attends to one'cocktail party conversation and excludes all of the swrrounding
perceptual noise from consciousness; the perceptual stimuli from lighting, musie and
other voices decay.
The second phase of the STM/LTM model is the short term memory store, which has
limited capacity and contains information being currently processed by the human.
Experimental research, usiag free recall paradigms and resulting in serial position curve
evidence (subjects are given a list of nonsense syllables to learn and when asked to recall
them, remember more items from the beginning and end of the list, rather than in the
middle), supports the existence of a short term memory along with a long term memory
(Loftus & Loftus, 1976). The short term store receives information from both sensory
and long term stores (Figure 7-4) and is capable of holding information up to 15 seconds.
However, it is a transient store, and its contents continuously change uniess rehearsed.
Rehearsal, either verbel or mental, allows the human to hold information in short term
store for longer pericds of time, e.g., repeating a phone number as you walk frem the
directory to the phone, or to transfer it to long term store, e.g., individual's personal
phone numbers become ingrained after repeating them often enough. Miller (1956)
determined short term store capacity to be seven plus or minus two (7 + 2) items. The
information content of the short term store is independent of item number because it is

possible to increase content through the process of chunking. Chunking is a subjective
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organizetion that incorporates information from several items into one chunk, e.g., when
trying to recall a list of 12 letters, ¢ .nking them into four familiar acronyms, IBM-FBI-
PHD-TWA, facilitates retention (ANACAPA Sciences, Inc., 1981). The information
content per chunk can be objectively measured by determining the number cf bits needed
to encode or understand the chunk. When incoming information exceeds the human's
short term store capacity, a breakdown in the ability to learn and understand oceurs.
Chunking information will help avoid this and give the person a greater available store,

increasing the capacity to process information. There are individual differences in the

short term memory store capacity, i.e., some are able to incorporate greater amounts of .

information into one chunk than others, but the number of items remains at 7 2.

The rehearsal and organization of informaticn transfers it to the finel phase of the
STM/LTM processing model—long term memory store. Long term store is a permanent
memory holding all sensory and semantic infocrmation necessary for thinking. It is
conventional memory that hol&s all the human's knowledge of the world. Information is
encoded and held here and can be retrievad through the processes of recognition and
recall. The strength of a memory "trace" and the associative pathways of memory
facilitate these retrieval processes, respectit=ly (Bransford, 1979). Decay from long
term store, or forgetting, takes place due to interference and retrieval failure. Two
types of interference are suggested: proactive, when information processed before
receiving en item to remember affects the recall of that item, and retroactive, when
information processed after receiving an item to remember affects its recall.

Semantic/Episodic Long Term Memory Model

One body of research suggests two types of long term memory (Tulving, 1972).

Both types are permanent memory stores, but they differ in content. Like the STM/LTM

model, this model makes a conceptual, rather than physical, distinction between stores.
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Episodic long term memory is context specific and stoves temporally coded information.
How and when things occur, as they affect the individual, make up the content of
episodic memory. The information within this store is considered autobiographical and
changes quickly and continuously (Klatzky, 1980). Episodic long term store is quite
susceptible to forgetting because the very act of retrieving or remeinbering information
becomes a temporal event to be stored. This, plus the constant flow of new events as
they are experienced and stored by the human, leads to a greater likelihcod for
forgetting.

Semantic long term store, the other memory store proposed by this model, is not as
susceptible to forgetting and is not context specific. Semantic memory coautains all the
human's general knowledge of concepts, principles, and meanings. It holds information
that is independent of time and place occurrence, e.g., spelling rules, multiplication
tables, and does not change verj rapidly. The act of retrieval does not affect the store;
and, as it is highly organized, retrieval is not random (Klatzky, 1980).

The semantic/episodic long term memory model is an extension of the STM/LTM
model. However, the STM/LTM conceptual model remains a dominant theory
reprmentinQ human information processing.

Design Implications of the STM/LTM Model

Two dimensions are used by humans to diseriminate information within the sensory
store. One is an absolute discrimination, the other, relative discrimination. When
humans are presented with a single stimulus and have to discriminate it from all others,
they must go to long term memory store to do so. The human information capacity 13
limited for making these absolute discriminations, and Figure 7-5 shows the capacity

range for this kind of activity. As illustrated, the capacity for making absolute

discriminations is 7 + 2 items. However, when humans are precented with two stimuli at
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once and must make a relative diserimination between the two, their capacity for making 3
diseriminations is greatly increased. This implies that relative discriminations are much

more efficient for human information processing and should be relied upon for quicker

and less error prone judgments. Relative diseriminations greatly increase the short term

store capacity.

As stated earlier, the short term store capacity is limited. Figure 7-6 lists five
different types of items humans process and the corresponding short term memory span
of each. Memory span is defined as the longest list of items that can be recalled without
error immediately after presentation (ANACAPA Sciences, Inc., 1981). Memory span
differs according to item type but hovers around 7 + 2 items. For quick and effective
human processing of the information these example items represent, the capacities for
each should not be exceeded.

’ One of the main contributions a human makes to a system is the ability to
recognize patterns. Taking small chunks of information and encoding them into larger
chunks is a major human information processing skill. This ability can be highly utilized
through the graphic representation of information. Graphic displays encode largc
amounts of information into one chunk or item, increasing the short term memory
capacity greatly and making the human a more effective information processor,

Strategies for Information Processing Model

Some experimental research criticizes the STM/LTM model as being too structured
when considering the cognitive activities involved in information processing (Moray,
1978; Underwood, 1978a). The "flow chart" approach of the STM/LTM model does not
consider the individual variability of processing sequences; it implies a structurally
limited response process. The strategies model accounts for these variable individual

processing sequences (i.e., strategies) within the structured limitations suggested by the
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STM/LTM model. Human informaticn processing is thus viewed as an individualistie and
dynamic activity due to the wide range of available strategies.

Moray (1978) defines a strategy as "subtle striving of a rather raticna' agent in a
fairly orderly universe, implying the goal-directed, purpcseful use of resources" (p. 302).
Strategies manipulate incoming information dependent upon the individual's goals and
expectations. The same stimulus offers diffeccnt information to different individuals.
One may process information using ihe sentence structure of some text while another
may use th. spatial location of items within the same text. Subjective organicetions of
information, e.g., chunking, sre considered strategies.

Proponents of this conceptual model stress the assumption that strategies are
individually determined, yet work within cognitive structural limits. This assumption
precedes others; the limits of one cognitive structure necessarily effect processing in
other structures; past success with one strategy leads to its recurrent use, as well as lack
of awareness for alternative strategies, and experimental assessment of strategies is
inherently difficult.

Strategies for human information processing are important elements of systems
that involve ongoing human control. The operators of systems providing status
information will develop monitoring strategies that can be positive or negative depending
on the situation (Moray, 1978). While they may not be aware they are using strategies,
their behavior reflects this. Strategy use by operators in complex systems is somewhat
beyond the scope of this paper; the reader is directed to Moray (1978) and Underwood
(1978b) for an in~depth treatment of the topic.

The use of strategies for any human behavior is being researched by experimental
psychologists.  Strategies for information processing is the current mcdel under

investigation; therefore, all experimental resul*s sre not in. As it is, the model leaves
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several unanswered questions, However, it is perhaps the most inclusive model of
information processing available and an exciting alternative to tha STM/LTM model.

Levels of Processing Model

The fourth conceptual information procsssing model for review is the levels of
processing model (Bransford, 1979; Craik & Lockhart, 1972). It is similer to the
STM/LTM model, proposing three stages of memory called levels. It differs from the
STM/LTM model by defining the levels as processes rather than structured steges. The
model assumes that information is processed by the human at different levels varying in
depth. The first level is the paysical or perceptual level where processing occurs in
terms of the physical appearance of stimuli. The next level is acoustic where processing
occurs in terms of how stimulus information sounds. The semantic level is last, and
processing here is in accordance with stimuli meaning. It is suggested that these
processing levels are ordered by depth, with physical attributes being processed at the
most superficial level and semantic atcributes at the deepest level. Information need not
be processed at one level before going to the next; rather, any of the three can be
directly accessed in any order. The levels are ordered by depth only. The major
assumption this model makes is that deeper processing leads *o better memory. Briefly,
supporting theory states that processirg of information leaves traces upon memory; the
deeper the processing, the deeper the traces, thus leading to better memory (Bransford,
1979).

There are criticisms of this model. The assumption that deeper proressing leads to
bettor memory must be quasified by the type cf experimental task used to measure
retention. There is no objective measure of depth in this model. The cxperimental
results show only that semantic processing is more effec*ive for retention tasks than

physical processing, not that cne level is deeper and thus more effective for information
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processing. Without an objective measure of depth, the major assumption of the model
can be challenged. The model coes have preliminary support, and it provides another
useful conceptunl alternative.

Serial vs. Parallel Processing

The last conceptual information processing model, to be addressed briefly, is a
dichotomous model focusing on pattern recognition, Items of information cre processed
or recognized one at a time sequentially in serial processing., In parallel processing
several information items are processed simultaneously. Experimental evidence for this
model supports the existence of both processing types, rather than one as oppcsed to the
other (Klatzky, 1980). Also, both appear to operate within all information processing
mechanisms, especially the sensory store.

Although both serial and parallel processing are thought to occur in humans, most
display designs are based on the essumption that humans are parallel processors. Parallel
processing best detects threshold changes; but, where specific event changes need to be
detected, serial procéssing is better. Real time control situations call for parallel
processing of information; however, there are limits to the parallel processing
capabilities. When information is presented too rapidly, human performance suffers.
Speed stress taxes human capacities, and performance on time shared tasks suffers
(McCormick, 1976). Therefore, display designers are cautioned against presenting
information at a rate greater than the human's parallel processing capabilities.

Design Guidelines

There are other conceptual information processing models, both similar and
dissimilar to those outlined above. The five addressed here have one commcen premise:
human information processing is a system. When the human component is interfaced

with a machine system, designers must consider human information processing system
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limits and capabilities. Figure 7-7 provides a flow chart illustrating the human

information processing/machine interface. The productivity of the entire system will be |

increased by attention to this interface. It is a simple proposal; but, as Kantowitz (1982)

suggests, it is not always implemented due to the philosophical differences between

theoretical and applied scientists. Both basic and applied research can benefit one

another, resulting in design suggestions for better human-machine interfaces.

Several guidelines resulting from experimental research using reaction time as a

dependent variable can be found in ANACAPA Sciences, Inc. (1981), Pew (1971), and Van

Cott and Warrick (1972). The following summarizes these source document guidélines:

o

To achieve rapid response rates to displayed information
decrease the cognitive task load of the informaticn, i.e., , .
simplify the display. AN

Use of eye, finger, and tongue movements give the fastest \
reaction times, while head and foot movements take
longer.

When an array of signals is required, each should be easily
detectable from the others to ensure rapid response rates.

Direct stimulus-response compatibility, achieved through
adherence to population stereotypes, decreases errcr rate
and reaction time, e.g., use red for stop or warning, use
meters that show increases with clockwise motions, ete.

When presenting information to the humasn, designers should consider several

criteria leading to more effective human-machine interfeces. These criteria for

information suggested by ANACAPA Sciences, Inc. (1951), are:

o

o

detectability
discriminability
compatibility
redundancy
meaning

standardization
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Research on the use of different sensory channels for information processing and
their effects points to the following conclusions (MeCormick, 1876; Van Cott & Warrick,
1972):

0 Auditory stimuli capture the human's attention better than
other sensory channel stimuli, implying their use for
werning or special events. :

0 Added sensory channels providing redundant (i.e., identical
and simultaneously presented) information increase the
probability of reception.

o The number of channel-con.peting sources should be
minimized.

o Sensory channel capacity is limited. Figure 7-3 illustrates
the capacities for unidimensional stimuli, and Figure 7-9
shows capacities for multidimensional stimuli.

One effact of stress on the human is a narrowing of attention. In emergency or
time-critical situations, information overload should be avoided; displays and tasks for
those situations should be designed as simply as pessible. It was suggested above that the
presentation rate for effective information processing is limited. Van Cott and Warrick
(1972) report that humans cope with excessive information presentation rates by using
one or several counterproductive measures. They fail to respond to stimuli, respond less
accurately, give incorrect responses, or respond as time permits. It appears that the
optimal presentation rate of information is task dependent. One experiment reported by
Van Cott and Warrick (1972) gives an upper limit of 43 bits/sec. for a reading task.
Optimal rates for other tasks need to be experimentally determined within specific
situations.

Summary

A human factors approach to human information processing necessitates a

conceptual, as well as applied understanding of the topic. Currently, design guidelines
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Sense STIMULT DIMENSION CHARNEL Discrin-
PACITY INABLE
RIIS) CATEGORIES

Vision pot posiTion (In SPAcE) 3.25 10
DOT POSITION (1IN 3PACE) 3.2 10

S1ZE OF SQUARES 2.2 5

DOMINANT WAVELENGTH 3l 9

WUMTHANCE 2.3 5

) AREA 2.6 6
LINE LENGTH 2.6-3.0 7-8

DIRECTION OF LINE 2.8-3.3 7-11

IHCLINATION

LINE CURVATURE 1,6-2.2 4.5

Taste SALT CONCENTRATIONS 1.9 §
AupiTION INTENSITY 2.3 S
pITCH 2.5 7

‘"“‘"?“ (en INTENSITY 2.0 4

CHEST

DURATION 2.3 5

LOCAT ION 2.8 7

EL{mngL SHOCK INTENSITY 1.7 3

SKIN
DURATIONS 1.8 3
Figure 7-8, Van Cott & Warrick, 1972, p. 28,
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Figure 7-9. Van Cott & Warrick, 1972, p. 29.
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concerning humen information processing and the human-machine interface are sparse.

Much more applied and theoretical _experimental research nceds to be done. However, an

awareness of the conceptusl issues in human informaticn processing, to this point, can

only henefit Goddard system designers and, in turn, command and control environments.
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THE HUMAN AS SYSTEM SUPERVISOR

As automation is introduced into command and control environments, the role of
the huma is unquestionably changing (Sheridan & Johannsen, 1976). Traditionally, the
s.nan in a complex system f{unctioned as a manual controller, interacting with the
~o,.*99ed process in a direct, moment to moment manner. The humen carefully
morn..ore. dsplayed data, gave commands to change the current system state in order to
bring it more in line with & desired objective, and evaluated the resulting output to
ersure that the s:quence of commands brought the system to the desired state (Figure 7-
10a). In increasingly automated systems, these manual control functions have, for the
most part, been allocated to the computer. Although the full or partial automation of a
system or specific functions within a complex system may replace individual operators,
the general trend is that automation does not usually result in a decrease in the overall
staff for a system; rather, a redefinition of tesks and reallocation of responsibilities is
taking place as a result of increased automation (Rouse, 1981) A major new function
which is emerging as the primary task of the humen in automated systems is that of a
monitor and supervisor of the banks of micro, mini, and large scale computers that do the
direct controlling (Figure 7-10b) (Sheridan and Johannsen, 1976). Although the trend is
very clear, there are a number of problems caused by this new supervisory role, problems
which must be addressed in order to ensure an efficient and effective human-computer
interface and overall system performance. The two major issues concern: (1) the
allocation of responsibilities between the human and computer, and (2) the creation of
adequate mechanisms to affect the human-computer interface.

Allocation of Responsibilities

Historically, the human in a control system was conceptualized as the flexble

component. Tasks and responsibilities which the mechanical and electrical components
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could not be trusted to handle were assigned to the humen. This process of task
allocation resulted in the human operator sometimes being over utilized and at other
times being underutilized. The procedure of "job allocation by default” continues to be
used in automated systems with insidious and potentially serious repercussions. The
problems of task definition and éllocntion are very serious in the design cf automated
systems.

Before addressing the major issues involved in tesk allocation for an automated
command and control environment, it might be wise to review why a human is retained in
the control loop at all. Rouse (1982) sums up the reasons very suceinetly. The possibility
of failure is the reason for having the human involved in automatic control processes. If

hardware and software failures could not occur and if automation were capable of

handling all contingencies, then human operators weuld not be necessary. Failures,

however, do occur; design limitaticns frequently manifest themselves even after
meticulous and thorough system tests and simulations. Thus, the primary task of the
human in an automated control system is to detect failures and anomalies ang to deal
with them appropriately. In fact, it is likely, as the trend towerd increasing automation
continues, that the tasks of system monitoring, failure detection, and diagnosis will
dominate the human's responsibilities in complex systems (Rasmussen & Rouse, 1981).
The consensus seems to be that the human must be retained in most systems, even
those with high levels of automation, in order to detect unexpected and undesirable
system states and to "take control of the system" in order to ensure its continued and
safe operation. The system design must specify the allocation of tasks and
responsibilities in such a way that the human is able to carry out these functions to the
best of his/her ability and that the system will operate in at least a minimally safe

manner under degraded or failure conditions,
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Recent research suggests that care must be teken in introducing automatioa into a
system. The thoughtless automation of psrticular functions may degrade the overell
elficiency end effectiveness of the system as a whole and meske the human's position in
the system so ineffective as to be negligiuie.

These issues were raised very pointedly by a NASA sponsored worksh:y entitled
"Human FPactors of Flight-Deck Automation—NASA/Irdustry Workshop" (Boechm-Davis,
Curry, Weiner, & Harrison, 1981). Participants representing the NASA-Ames Mar-
Vehicle Systems Research Division, the Federal Aviation Administration, the Royal Air
PForce, airline companies, aircraft manufacturers, universities, and consulting firms
began with the premise that although technology has now reached the ievel where it is
possible to automate meny control functions, the more serious question is whether
control function should be automated, taking into consideration various human factors
issues. Though the issues were discussed in the context of flight deck automation, they
are relevant to many control environments.

The two issues most relevant to Goddard's control rooms concern the effects of
automation on the human operator. The first concerns the role of the human operator
when the automated system is operating undsr norinal conditions; at such times, the
humean operator is reduced almost exclusively to a system monitor. This passive role may
leave the humen, particularly a highly skilled operator, bored and/or complacent and/oc
unhappy with a seemingly inessential position in the system. The second issue is a direct
corollary. Personnel in automated systems are expected to function in two roles; the
operator acts as a system supervisor and monitor when the system is functioning
automatically and as a direct or manual controller during emergency or degraded
conditions. The nassive role of supervisor or monitor may cause him/her difficulty in

making the transition to an active controller's activities. The workshop participants felt
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that the roles of supervisor and manual controller were not necessarily éompatlble nor
complementary; the roles may require two very different sets of skills end two types of
knowledge or conceptual models of the system, making it very difficult to make a quick
and effective transition from monitor or supervisor to active controller and tack.

An experiment recently conducted at NASA-Langley gave support to these
concerns. A study compering the relative benefits versus complexity/cost of various
levels of state-of-the-art autopilots was performed on & Langley general aviation
simulator (Bergeron, 1981). Several disturbing trends were observed in this experimant.
‘ As the level of automation increased, pilols were taken out of the aircraft control loop
gmd made meanagers of fhe autopilotg funciions. The result was a greater likelihood of a
pilot's losing track of where he/she was in a lending approach, often leading to errors or
blunders. The report noted that .
pilots can be iulled into a false sense of security or complaceney with
too many automatic factures... the problem appears to be almost as if
the pilot thinks of the autopilot as a copilot and expects it to think
for itself. He allows himself to become completely engrossed in other
tasks once the autopilot is set. Hence, he is frequently late in
resetting new functions or confused as to exactly where he is in the

approach. (Bergeron, 1981, p. 706)

The report concludes that perhaps an intermediate level of automation may be
preferable to the most automated device possible. In addition, the author states that
more effective human/machine interface could alleviate some of the observed
problems.

A case in point using one of Goddard's own systems may elso help to illustrate the
potential protlems in highly automated systems. In the process of reviewing human-
machine interface issues for the current and proposed Multisatellite Operation-1

(MSOCC-1) systems, several questions were raised about the appropriatencss of the

functions allocated to the human component in the next two proposed generations of
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MSOCC (Mitchell, 1981). The proposed configuration for MASA-Goddsrd's MSOCC
system I3 an exciting use of technology and will drasticelly reduce the amount of direct
manual intervention in the DOC (Data Operations Control) and computer operations
areas. The staffing plan, however, calls for maintaining or possibly irncreasing the
current staff. It is unclear, however, what the eight to ten people per shift will do
because the majority of their current (unctlom will be automated. Currently, comj uter
operators transport, mount, and dismount mission-specific software resident on disks and
tapes. Under the proposed automation plan, this activity will be fully automated. The
responsibilities of the DOC operator are also unclear. Figure 7-11 depicts a scenario

which was given In an MSOCC-1 Operations Requirements Studv (TM-81-6098). The

scenario represents the anticipated fmman-computer dialogue during the preparation for
a sate!lite contact. Examination of the scenario reveals that the only active human input
is to type the word "GO" as the second to last step in the sequence. An alternative
version of this scenario eliminates even this step, assigning the operator to a completely
passive, monitoring role. -

Analysis of this scenario from a human factors perspective raises a number of
questions about the reasonahleness of the role assigred to the human. Currently, MSOCC
personnel feel, and in actuality are, underutilized. Because of the nature of their
responsibilities, personnel are skilled and highly trained, yet they spend most of their
time engaged in relatively insignificant tasks. With the introduction of additional
automation, MSOCC personnel are likely to have their tasks further reduced and, under
the current plan, not augmented by any additional tasks.

The NASA-Ames Wcrkshop. the Langley autopuot automation research, and the

MSOCC scenario jointly suggest a set of principles to guide the design of automated

systems,
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0 Even though it is possible to fully automate a function, it
may not be desirable to do so either from an overall

systems point of view or from a human factors

perspective. ,

0 A primary goal in system design and specification is to
ensure that the human component of the system has a
reasonable and responsible role.

0 Assign tasks to the human and computer components in
such a way that optimal use is made of the resources of
each,

The question then arises: What should the human do in an automated system? How
should tasks be allocated to make optimal use of both the system's human and computer
resources? The answer is neither perfunctory nor simple. Essentially, the role of the
human component must be redefined to include a cross-section of meaningful tasks which
enable the humans to function as responsible and imbortant components of the system.
This redefinition may require the rethinking of the overall system design, reallocation of
tasks, and the expansion of the human's responsibilities. In MSOCC, for example, some
thought might be given to expanding the controller's responsibility to include software
development/ maintenancé as well as supervisory and occasional manual control
activities. Augmenting the role definition in this way is a fairly novel approach but may
be a satisfactory solution to the problem of assigning skilled perscnnel to important but
tedious supervisory tasks.

Task allocation requires evaluation of the strengths and weaknesses of both human
end system components (Crawford et al., 1977). Current hardwere and softwere
technology will supply the answers for the ccmputer components. Information about the
human is not so easily found. Current theories of human performance, particularly in the

area of information processing, must be used to determine what tasks the human

performs well and wkat human-computer interfaces or decision aids might facilitate
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his/her performance. In order to ensure a reasonable role for the human component,
tesks which are done relatively equally well by both humans and computers may well ‘b.e
assigned to the humen. It is not unressonable to assign tasks to the human which can be
done equally well by the computer in order to ensure that the human is a functioning and
vital part of the control process — humans get bored and/or complacent, computers do
not. One interesting possibility receiving some attention is a dynamie, rather than
static, task allocation scheme wherein tasks are allocated between the humen and
computer by determining who has the most availeble resources at the time that the need
for the task arises (Rouse, 1981).

Whether a static or dynamic allocation is used, however, it is essentia) that one
step of -the design process detail operations scenerios for ‘human operators specifiying
what they are to do, when they are to do it, what fracticn of their time is likely to be
idle, and where they are under utilized. It is only by taking an explicitly operater-
centered perspective that system design will ensure t!lat the system has been adequately
human-engineered as well as hardware-enginecered.

Interface for the Humoan-Computer Dialogue

In addition to defining a reasovnable role for the human component, the'design
process in automated systems must address the problem of providing interfaces between
the human and computer which facilitate the human's ability to interact with the system
in a rapid and effective manner, with as little effort as possible.

Information display is the primary interface which can help or hinder the human-
compuier dialogue in a control environment. One of the human's primary tasks, in an
automated system, is monitoring displayed information. The human's {nformation
processing skills, however, are very limited. The human's short term memory can hold

only a limited amount of information, and he/she is easily overloaded by too much
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information, relevant or irrelevant (Miller, 1956). The human is very slow at scanning
displayed information, and the amount of information which can be gathered is limited by
the short term memory capacity. Furthermore, humans have lirﬁited capability and
speed in integrating pieces of displayed information (Rouse, 1975).

Traditional information displays tended to further burden human information
processing limitations rather than to compensate for them. The reason weas. not
intentional; but rather due to the limitations of the current technology. Ih traditional,
hardwired dedicated displays, there was little choice about information display design.
Each hardware device, data charnel, or sensor generated a data item which was
individually displayed to the operator (e.g., the battery, the voltage regulator). Control
room designers could choose how to display the data (dials, ber graphs, needles, ete.) and
could arrange the po:;.iﬁbn of displays on controi panels but had no opportunity to display
data selectively, to group or aggregate it into higher level summeries. In essence, the
displays, due to limitations of technology, were directly tied to the lowest level hardware
subsystems. Traditional displays pleced a tremendous burcen on the human operator.
The human was responsible for monitoring sometimes vast amounts of displayed data,
selecting out relevent {tems, and combining and integrating the low level data into
meaningful forms compatible with high level decision making needs. These displays
further degraded information processing capabilities related to display scanning,
information selection, and integration of information.

The advent of computer-based displays eliminated the need for this type of display
but not necessarily the practice. Computer-based displays allow data to be filtered,
summearized or aggregated, and displayed in forms only limited by the imagination of the
designer. Unfortunately, perhaps because it is easier, many computer-based displays

simply use the CRT as a new medium on which to display "the same old data in the same
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old mode." As early as 1875, Braid warned, "there is an alarming tendeney...to propose
replacement of th2 dedicated conventional instruments by a few dedicated electronic
displays ... Such proposals ignore the flexibility that electronie displays offer.”

This is a problem with MSOCC in which multiple display pages are used to display
. great amounts of low level, hardware specific data (see, for example, Figure 7-12). The
controller must monitor these displays, abstract out relevant data, and intcgrate them
into forms necessary for high level decision maﬁing. The current displays are very
detailed and completely lack any decision aiding features. | |

Automated systems will further aggrevate the ﬁroblems in displaying low level,
hardware-oriented data., In the role as system supervisor and monitor, the humean
requires a high level, system overview and must have the ability to quickly detect and
diagnose system énomalis or failures. Vast arrays of low level displayed data will
require continuous scanning of displayed data, most of which is not relevant to his/her
needs at any given moment, selection of the pertinent items,‘ and integration of these
items into a form which meets supervisory decision making needs. This process of
scanning, selecting, integrating, and problem solving is slow and texes known limitations
of human information processing skills. In automated systems, complexity is generally
increased and, thus, a corresponding increase may be expected in the amount of displayed
Information. The level of much declﬁion making is raised: The computer is responsible
for low level decisions and control functions; the human is responsible for high level
decisions and control functions. Thus, it may be expected that even more integration of
low level data may be expected in order to synthesize information useful to high level
decision making needs.

In addition, automated systems typically require the human to interact with the

system in two capacities: as a supervisor when the system is behaving normally and as &
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manual controller in emergency or degraded conditions. One problem created by the dual
role of the human in automated systems is that the human now has two different and
perhaps quite dicperate functions, potentially requiring two different set of skills and two
different views of the system. In automatic mode, the human needs a high level,
integrated overview of the system, whereas, in manual mode, the human needs to have an

understanding of the system which is detailed, thorough, and "nitty-gritty".

One of the difficulties of the multiple functions of the human in complex systems is

that the varying sets of responsibilities suggest that the operator needs to build up
multiple internal models of the system in order to integrate his knowledge of the system
and to guide his control actions. A skilled operator in a highly automated system must
_build up a hierarchy of internal models which encompass a set of system views varying
from a very general and broad system overview to a variety of very specific and detailed
models of particular sybsystems. Experimental and theoretical research suggests that
hﬁmah understanding of a comblex system is guided by an internal or "mental" model of
the system built up by the operator over time. Internal models guide the selection and
integration of displayed information. The adequacy of the internal model will govern the
timeliness and appropriateness of an operator's responses, Research has shown that
exploiting the internal model can improve operator efficiency (Rouse, 1975). One way to
facilitate the development of appropriate internal models is through information displays
which assist in organizing information and presenting it in modes which facilitate
assimilation and integration, thereby reducing the cognitive load on the human
operator.

A primary human-computer dialogue issue for MSOCC and other automated systems
is really one of design: How do you use the flexibility. to present information in forms

which are compatible with the user's mental model of the system and current role? In
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highly automated ﬁystems, assummg that the opefator has at least two sets of internal
models, one which allows him/her to function &s a monitor and system supervisor end &
second which allows him/ her to function as a manual controller, a reasonable suggestion
is that pérhaps, at the very least, the control room of an automated system ought to have
two sets of displays which the operator can choose between: one set giving a high level
system overview, the other providing detailed views of individual subsystems. When
acting in a superviscry capacity, the high level, overview displays wou_ld be used. If more
detail is desired, if some problems are suspected, lower level,'detailéd displays may be
accessed. Moreover, there is a need for information displays which explieitly support the
decision making and problem solving role of the human a3 system superviscr. Computer-

_based displays have provided designers»with the required hardware. It is a design problem
to exploit computer hardware in a manner which supports and faciiitatm thé human-
computer dialogue.

Summary and Conclusions

Using the human as a system supervisor raises & number of design issues concerning

the allocation of tasks in automated systems and the design of the informaticn displays

which enhance the human-computer dialogue. Fundamentally, the design issues point to

a need for the addition of a human-centered perspective in the design process. The
human role must be as carefully and as thoughtfully engincered as the hardware, even if

this means a modification or reduction in the overall level of automation.

Moreover, the technology of automation must be used to facilitate the human-

computer interface. Information displays are needed which explicitly support the
humen's decision making tasks in the system. One possibility is a hierarchic set of
information displays which change depending on the human's current role (supervisor or

controlter).
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A hiererchical approach to information display has several advantages. It explicitly
forces system designers to develop a set of human-oriented system models which will
guide the design of displays. If they are cesigned around the operator's decision making
needs, the displays are likely to become more human-criented and less hardware-
oriented. If an attempt Is made to provide the appropriate information at the
appropriate time, there is likely to be less information displayed at any given time, and
the quality of the displayed irformation will require less operator effort to integrate into
an assimilatable form. A very pressing problem with contemporary control rooms is thet
there is just too much information for an operator to be able to assimilate it quickly,
easily, and accurately. Humans ere easily overloaded, particularly by the displays of
great‘ amounts of irrelevant information (Ackoff, 1967; Seminara et al, 1979). Moreover,
human ability to integrate multiple pieces of displayed data into meaningful information
*i{s very limited (Rouse, 1975). As a result, a reasonable and perhaps vitally necessary
direction for research in the area of automated control room design is to develop c_!isplays
which provide active decision aiding for the modern controller, displays which provide
information compatible with the operators' current internal model, which filter out
irrelevant information, and which summarize and condense lower level information into a
form suitable for the operator's high level information needs.
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ISSUES IN MULTIPERSCN CONTROL TEAMS AND MULTIPERSON SUPERVISORY
TEAMS

The customary approach to humen fectors engineering considers the relaticnships
between a single person and a machine. In highly automated environments, it is
increasingly the expectation that meny people will be involved in the control and
guidance of complex systems. Little has entered the literature to guide us in the design
of multiperson control and/or supervisory interfaces.

The working together of people in groups has been extensively considered from the
perspectives of management, human reletions, and decision making. A number of studies
and experiments provide a body of knowledge on team crganization, leadeiship roles,
intre- and intergroup commuﬂication structures, and other aspects of people working in
small groups. The major thrust behind these studies has been the improvement of group
productivity, whether on the production line or in managerial policy setting.

Unfortuhately, just as the traditional human factors approach has not been used to
scrutinize, from en engineering or design standpoint, the productivity of interacting
groups via their technical systems, the study of workteams and small groups hes not
expressly included the technical systems with which these groups carry out their work.
As a result, the issue of multiperson control teams has been largely ignored. Those who
have looked at the control and supervision of technical systems have concentrated on
individuals, while those who have looked at multiperson processes have concentrated on

the human dynamics of these processes.

The object of this section will be to present an organized approach to the issue of .

multiperson control and/or supervisory teams. Becsause it is a region of human factors

which is relatively unexplored, the first concern will be with offering some conceptual
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categories with which the problem may bc handled, A set of helpful weorking terms is the
first requirement.

First, we need to reiterate the distinction between "control® and "supervision."
Control refers to the human perticipant’s role as being one which completes the control
loops of the system. Supervision refers to the human participant's role as being one
which is seperated from the physical control of the system, allocating to the individual
the tasks of monitoring the behavior of a system end of providing information and
guidance to the system as it performs its task. Typically, the supervisory role is carried
out through the mediation of computers.

These roles ere not exclusive. An individual may both control and supervise a
system. An automobile driver or a pilot, for example, may complete the control

structure of the vehicle and provide higher level guidance, such es mission definition,
strategy, and tactics. The supervisor of a computer-controlled system may be required
to intervene with manual control under certain circumstences. In systems designed to
maintain a constant operator work load, the computer may handle tactical decisions
during periods requising extensive strategic decision making, while the human may handle
these tactical decisions during periods of low strategic activity.

Typieally, the literature treats the single operator in relation to the system under
control. While there ere many exceptions to this, these exceptions tend to be in the
areas of commend and control. In these studies, there is little distinction between
multiperson control of a single system and multiple single control of ccordinated
subsystems.

To sort out these relations, the following terminology and categorization is

suggested:
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o Discrete Functions — tasks whose successful completion
depends only minimally if at all upon the successful operation
of other processes. :

o Coordinated Functions — tasks whose successful completion
depends upon thc successful operation cf other processes.
Coordinated functions exchange information on their states.
There is typically-some sort of precedence relation among a
set of coordinated functions. '

o Systemic Functions — tasks whose successful completion
depends simultencously upon the successful operation of all on-

going processes.
Discrete functions differ from coordinated functions in that they possess no

precedence relations and hence require littie or any information exchange. The work of
a race crew on a race car during a pit stop illustrates crudely the notion of discrete
functions. Several different tasks must be compieted while the car is in the pit. The
fuel tank is topped off; the tires are changed; oil is added; water is added; the driver is
given something to drink; the windshield is cleaned. These "subsyctem maintenance
operations” may all be underteken with essentially no communication among the vericus
tasks. They begin with the errivai of the car; the car departs when all tasks are
completed, The initiation of all tasks is under one central precedence rule: the arrival
of the race car in the pit. Once the car is in the pit, these tasks are carried out
independently in any convenient temporal order. If different time constraints were
applied, a single operator could randomly and sequentially complete all tasks. Under
compressed time constraints, such as a race condition, a multiperson team may be used,
one individual to each task, so that the set of tasks can be carried out simultancously.

On the other hand, a common way to describe the set of tasks required by
coordinated fimections is by using network flowcharts., For example, PERT charis
describe coordinatea functions. The Iinteractions among air traffic contrullers may also

be described as coordinated functions. Each controller is responsible for a given sir

C-'%
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Space. As aircraft move from one region into another, the air control tasks are
coordinated by the exchange of information cencerning the aircraft from one controller
to the next.

Systemic functions are superordinate to coordinated and discrete functions. Tha
systemic task of driving coordinates the coordinated functions of accelerating and
braking and such diserete functions es tuning the radio.

Multiperson control and/or supervisory teams mey be clessified according to the
types of tasks the individuals in the team are working on. The werk team is g
multiperson team whose members each ceal with a discrete function. The tactical team
is a multiperson team whoge members are responsible for coordinated tasks. The
Strategic team is a multiperson team whose members are responsible for systemic
tasks. Organizational diagrams for these types of teams sre given in Figure 7-13.

For the work team, the team members are linked together through a hierarchically
superior controller/superviscr. | Lines of communication are not required among the
members of the work team. It is sufficient that overell coordination of tesk initiation be
imposed by the higher level controller/supervisor.

For the tactical team, the members require lines of communicaticn among
themselves as well as lines of communieation to and through a hierarchicelly superior
controller/supervisor. For the strategic team, communications occur among the team
members without the mediation of a hierarchically superior controller/supervisor.

If the symbolism for the individual members in these groups is interpretted as nodes
on a graph, each node can in turn be recursively defined as a work team, a tactical team,
or a strategic team. Various graphs can then be built up which can be roughly classified
into three classes.

Hierarchic orgenizations in pure form begin with the work team and build
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(a) Work Team

(b) Tactical Team

{(c) Strategic Team

O—O—0—0

Figure 7-13, Team Organizations
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recursively a hiersvchic tree. Heterarchic organizations in pure form begin with the

tactical team and build recursively a netwicrk. Anerchic orgenizations in pure form begin

with the strategic team and build recursively a network characterized by strictly lateral
communications.

This classification is not intended to describe any particulsr real world
organizations. Many different organizations may be constructed through the analytic use
of these structures, recursively defining any dependent node. Thus, a typical assembly
line organization might begin with a strategic team, define each of the nodes of the
strategic teams as s tactical team, and then define each of thv: nodes of the tactical
teams as work teams.

The communication lines depicted in the team structure diegrams signify formal
communications. Formal communications are task specific communications aﬁthorized

. and sanctioned by the organization. Another way of conceiving formal communications
is that formal communications are those which are expressly designed into the system.
Informal communications consist of all other communications, whether tesk related or
not. Many observers will claim that, in fact, it is these informal communications upon
which the actual work and production of an organization depend. These workers will
suggest that informal communications are used to plan and to execute the wark of an
organization while formal communications are used to document the conclusions of
informal communications.

Multiperson éontml and/or supervisory teams are almcst invariably linked both
internally and externally by informal communications. These informal links exist
regardless of the structure of formal communications. The impcrtance of these
communications pattern lies in tying the study of technical systems which integrate

human controllers and/or supervisors to the overall organization(s) responsible for the
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operations of these systems. As noted sarlier, tho examiration of multiperson teams of
controllers and/cr supervisors hes been lost in a peculiar limbo. The study of group
peocesses from an organizaticnal perspective and the development of sccial technolegies
for the construction and operation of human groups has focused on the formal and
informal communications among human team members. The study of technical systems
{ntegrating humans has focused on the formal communications between individuals and
their machines.

At the boundsry of these two approaches, between organizational development (oD)
technologies and human factors engineering technologies, we find human groups
interacting to ccntrol snd/or supervise a technical system. From & human factors
perspective, this issue introduces a new problem: how are the members of a controlling
and/or supervicing team themselves to be controlled and/or supervised? How can the
integration, coordination, and synchronization of these team members working
simultaneously (cr at least concurrently) on a tesk(s) be designed iato tha technical
system? |

At this point, the discussion will be limited to the types of systems typically
deployed for real time satellite control at NASA Goddard and under consideration for
future Goddard missions. For the purposes of the remainder of this discussion, the tasks
of real time satellite control will be assumed to be highly automated with & reliance upon
computational devices to mediate between the human elements and the technical
elements to be controlled within the system. Using the previously defined terminolegy,
this places the human into the role of a system supervisor. Goddard supervisors work
now end will increesingly work as team members, making the issue of multiperson
supervisory ceams an increasingly critical one for the success of the Goddard mission.

The structuring of operational rescnsibilities at NASA Goddard entails & heterarchic
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approach, which verges on anarchie, to interteam communications,

Within teams, ranging from software develcpmeat to scientific users, from
contractor groups to DOC controllers, a voriety of team structuras ean bo obsarved to
have avolvad from the interplay of the task at hand, the technology availatla to perform
the task, and the skills and training required of the human supervisce within the
constraints of Civil Service and contractor personnel procedures. Rather than attend to
this heterogenous assembly in all its variation, this discussion will considar the

» supervisory team according to a single simplified model. In this mo&el, a tcam interacts
with a given syster in its entirety through the mediation of computers. An example of
this model might be the team of supervisors of & highly automated power genecation
plant.

The single multiperson supervisory team alters the clessic "hu.nan/mechine”
relation of human factors engineering to a "human/system"” rclatiorship. While thzre has
been much learned about the autonomous relation between a human and a machine, the
multiperson supervisor introduces the problems of relations between i{ndividuals while
they are relating to theie technical system.

The members of a team ere not necessarily co-located either in space or in time.
This means that the problems of integration, coordination, and synchronization among
team members involve questions of shift work, ergonomic adjustment of machines,
personnel intecoperability, and the design of communications channeis. These problems
bring to the fore questions of status and leadership within a teem, suboptimization,
workspace layout, and team training. Questions regarding‘ the managerial,
administrative, and social design of the team need to be addressed.

These guidelines are concerned with the hadwsre and software design of the

interface between the automated system and its supervisors. Meny of the issues raised

187

<

DR e e EREATAE M o s e R A



by multiperson supervisory teams, while quite importent and so reised here, ere beyond
the scope of this report. However, communieaticns is an element of many of these
problems and can be addressed from the standpoint of design of control rooms.
Communications can be categorized in two dimensions: between the system and the
team and among the members of the team.

Communications Between System &nd Team.

In a highly automated control rcom, communications between the system and the
human team is largely via displeys from the system to the team and lergely through
various control instruments from the team to the system. Principel among the control
instruments used in highly automated environments are keypads and other interaction
devices attached to communications and KCRT terminals.

Displays. Typleally, control room displays are designed for a single proximate

viewer. This may be inappropriate for multiperson environments fcr a number of

reasons:

o requirements fo~ several team r.embers to process the same
information at the same time;

o requirements for team members to cover the absence of any
single team member;

o disruption of one channel of communication while the team
member physically moves to another location to view another
display.

The general principle here is that supervision of any part of a system should be
possible from any statici within a control room. Once located, any individual within a
control room should be able to obtain all required information and to exercise all
required control without moving from that station.

This principle suggests the following:

) standardized and moduler work stations
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the use of large screen displays

team training for personnel interoperability

highly intelligent intervention of computer suppert in selecticn
of the set of necessary and sufficient data to ba displayed and
the inclusicn of real time lcok~ahead software capabilitics

a tiered or theatre erchitecture for tho control room

adaptive allocation of tosks between the computer and the
team

sophistieated design end control of ambient illumination

ergonomic adjustment of scating, work surfeces, and werking
tools, such as local CRT or graphics displays

the use of high resolution local or personal displays supported
by "messy-desk™ software such as erticulated by the I-space
concept (Rieger, Wood, & Alien, 1981)

' instruments in the team environment should b~ standardized and moduiar, and be capable

of ergonomic adjustment. Tho relation between display and control suzgests {urther

geometry-related considerations.

o

Control instruments should be low profile to avoid interferenca
with the field of view. Similerly, in the suggested ticred
environment, the control instruments should be relatively
shallow.

The working environment should be pulled arocund the individual
rather ihan raised and/or extended in front of him.

The use of horizontally mounted rather than vertically
mournted displays in the primery work area should be
encouraged. High resolution displays can compensate for
perspective distorticn by incre-sing the size of imeges the
farther they are from the eye of the individual.

Interaction devices which do not depend on the actuel location
of the display device should be used. This rules out touch
panels and light pens, but rules in keypads and mice.
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Pigure 7-14 illustrates this design geometry. The narrowness and low profile of the
workspace directly in front of the cparator provides a deeper ficld of view and thus both
closer location to the primary large display end a denser paciing of ctations, The side
module of each station are kept well below ghoulder height to allow an uninterrupted
lateral field of view for communications with other team members. This geometry is
radically different from the workstation geometry indicated by the dashed line in Figure
7-14, normally proposed for single controllers. The difference iz driven by the use of
central large screen displays which are visible to ell team members. Pigure 7-15
{llustrates ths wrap-around geomotry of the multiperson team werlkatation with ths
individual in a standard reach diagram position. (A flat writing surface is proviced on the
right hand sida of this right-handed individual.)

Communieations Between and Amon Team Members

Attention was given in ths ebove sketch of an individual werkstation to geometrics
enabling person-to-person commuhleatlom ameng team members. Importent design
requircments for an eavironment in which group processes ere facilitated is unimpodod
visual and physical sccess among team members. An idsal dasign would place the team
members in a circle, facing inward so that all team membém will be simultaneously
visible,

It is difficult to conceive of eny singis alphanumeric display which could service all
team members arrenged in such a circle. Purther, s the tcam becomes larges, the
diameter of the circle becomes lerge cnough te everwhelm the psychological perception
of a natural proximity for communications.

However, the geometry of the circle for smaller teams allows the placement of
dizplays both within a central pit and around the control room circumference, above the
heads of the team members. This. of course requires multiple copics of the same
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information display and introduces problems with field of view fcr eny given team
member, both for the pit display and for the circumferenca display.

At present, thus, it is not clear how such a circle e~rangement ean be effectively
and efficicntly used. In the future, the central pit may make an ideal stege for real time
holographic display of an operating system, but that technology is not yet fully available.

In contemporery control rooms, face-to-face cpeech and verious forms of
telephonic communications are relied upon to pess formal and informel informetion
among team members. While this has proven useful, these oral communications suffer
from sevéral disgdvanteges, which include:

o susceptability to interfercnce and other noise, both internal
and external to the communications channel;

o requirement that both sender and receive:(s) be available for
communication at the same time;

o lack of integral means to save the communication for later
recall;

o status deference in decision making.

To date, the application of computers in highly automated eavironments hes been
limited to formal communicaticns between humans end machines. Little attenticn has
been given to the application of co...puters to supporting and managing the formal and
informal communications among the members of a supervisory téam. As communications
among team members and from the team to the external world undergird the integration,
coordination, and synchrenization »f team members in their tasks, and since
computerized systems can provide effective comraunications channcls, it appears

reasonable to suggest that the design of control rcoms include facilities end support for

computer-based intrateam communications from one station to another.

Hiltz and Turoff (1978) have explored the technical Aesign and social impact of
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oomputerizad confcrencing. Their work suggests thet sueh computer-bara.

communications have unique advaniages that may be very useful in the control room
environment. Amacng the various sdvantages of computer-based commimications are tha
removal of tha problems associated with oral communications.

Communications for Teams Separated Spatialiy and Temporally

The ergument for the integration of computcr-based message and conferencing

systems in ccntrol room design becomes quite persussive when communication ameng
team memboers who ara separated in space or in time (e.g., shift workets) is reqiired, It
is, of course, only a small step to recognize the potential of computerized messaging and
conferencing among different teams within Ixterarchic or ansrchic organizations.

Summery

The ideas prcsented in this section cre speculative and tentative at best. They ere
presented here not as firm dieta but rather to sug.est that designs and procedures for
multiperscn supervisory teams may in fact be radically different from thogze of
traditional single-person workstations. Thers is little firm guidance available yet in the
literature and even less that can be currently considered applicable to strategic teams
cerrying out systematic (and coordinated) functions in en heterarchic orgenization such
as NASA/Goddard. A great ceal of resear;:h is needed in this srea to confirm or
challenge the propositions presented here,
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MANAGREMENT PHILOSOPHY

The emphasis of the material presented in these guidelines hes been on the human-
machine interface a3 a whole. A human factcrs approach views this interface from the
human's perspective, attempting an optimel integration of his/her cupabilities and the
machine's capabilitics. It is suggested that this approach be taken a step fuither, to
focus cleerly on the cocial-psychological environment (Chapter 3) and the humen
interaction that takes place within it when analyzing, evaluating, or designing work
organizations. By doing thiz the human component of the work environment takes on
incressed value and becomes en &3¢t o resowrce to be utilized acecrdingly.
Meanagement use of the human-as-a-resource approach results in both quantitative and
qualitative benefits to the organization. Job satisfuction, morale, abeentee and turnoves
rates, performeance (e.g., error rates), and productivity can ell be affected
constructively.

If the human-es-a-resource i3 the accepted, unde=lying premise, thon the designer
or leader of any work group needs to consider cerefully the choice af possivle
management style. Many different philosophies for managing people exist, each
profoundly influencing worker communication, goal setting, conflict resolution,
mctivation and decicsion moking which in turn affects oversll organization perfcrmance.
Management exists as such %o bsar this heavy responsibility and as Costiey and Todd
(1978) suggest, cne of management's peimary functions is to create coaditions that wiil
maximize the prodvativity of *he employee and, in doing so, enhance the organization.

The hunnan-ss-a-resource apgroach to effective menagement has been used
succersfully in various types of organizations. Before illustrating this approach to
menagement in a satsllite command end control environment, a bricf examination of

Jifferent management styles is necessary.
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Manegement theory and the ensuing applied resecarch has centered on &
categorization of types: leader or menager treits, leader behaviors, and organizationel
situations. The notion that managers possess certain personality traits that make them
managers has not been strongly supported (Hampton, Summer & Webber, 1978). Thm, the
approach of looking for certain personality traits in en individual to determine whathar
or not he/she is a leader has largely been abandoned,

Categorizing manager behaviocs has proved mora fruitful in terms of identifying
management styles and in determining what onc is most effective. The Ohio State
studies, es described by Hampton ot el., 1678, defined two kinds of menager behavior:
initiation of structure and consideration. Tha manager classified as the initiating
structure type pleees an emphasis on getting the work out. He/she plens, directs, and
con*<ls the work within the organization he/she rmanages. In contrast, the
consideration-style menager is concerned with tha humen needs of subordinates and helps
them to satisfy thcse needs. The experimental results of this model show initiating
structure behavior resulting in productivity with considsration behavior resulting in more
satisfied subordinates. It appears that the technological stability of the organizational
environment interacts with the munager behavior to produce these results, making the
distinetion not quite 3o clear.

Another dichotomons theory of manager or leader behavicr is McGregor's Theery X
and Theory Y (in Costley & Todd, 1878; French & Bell, 1878; Hampton, et al.; and Huse,
1980). McGregor suggests that maenagers hold assumptions about the nature of human
behevior regarding wort., Theory X Individuals do not like to work, lack ambition, avoid
responsibility, and must be focced to do gord work. Theory Y people seek out
responsibility, like to work, find work a source of satisfaction, and are capable of making

positive contributions to the organization. Managers who believe workers are Theory X

196

e e et e o o s it s = o =



e L L L

. - .
-~ .- . e e T T ORIV - -t e . e e

types are thamselves authoritarien and retain tight control over the twork and the
employees, belleving this is the only way to motivato that type of person.
Communication in this kind of work group tends to flow in a downwezrd diroction caly.
The manager who views employees as Theory Y types i3 considered egelitarian and
encourages employee initiative, self-fulfilimeat, and participation in decision making and
task accomplishmant. The flow of communication here i3 both upwerds and downwaerds,
and side to gida. Some experimentel results suggest the Theory Y view of employee work
behavior leads to success; but, again, situationel aspects of the organization end
individual characteristics interact to influence the results,

Rensis Likert daveloped a menagement system theory based on a continuum of

management style. as ciied by French and Bell (1978). He characterized-four

management styles ranging from tesk-centered to cmployee-centerced. They are: 1)
exploitive-authoritativa, 2) benevolent-authoritative, 3) consultive, and 4) participative
group. His experimental results consistently show that the most effective organizations
are characterized by the fourth type of management—participative group.

Blake and Mouton also place management style or bechavior into a dichotomous
framework (cited in French & Bell, 1978). They have idontified a "concern for people”
style and a "concern for production” style. However, their experimental results indicete
that the most effective manager is one who places great emphasis on both styles.

The third aspect considered by management theory is the organizational situation.
Theorists end researchers with this focus point to contingencies; the most effective
management style in terms of production and employee satisfection is contingent upon
both management style and organizational environment. In discussing their contingency

theory, Lawrence and Lorsch ¢ @gest that the "fit" between organizaticnal structure and

environment is essential for =t ‘ective crganizations. Tha degree of fit is determined by
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management actions called differentistion and integration. Lawrence and Logsh state
that stabie, homogenecous environments need less differentiation and integeation while
diverse, uncertain environments reed more diffcrentiation end irtegratica (cited in
French & Bell, 1978). Fiedler's contingency theory identifics two management styless
reletionship-motivated end task-motivated und three types of situations that can be
either favorable or unfavorable: leader-member relations, task structure, and leader
position power. The experimental results on this modal suggest that task-motivated
leaders perform best when the situation is very favorable or very unfavorable for the
manager to exert influence; relationship-motivated managers tend to perform better
when the situation is either moderately favorable or modsrately unfavorable (cited in
Hampton et al., 1978).

Other menagement thsories exist, e.g., path-goal thcbry, expectancy theory, and
. leadership pattern choice models, end many are quite complex. What is important to
considar is that (he potentiel for more effective managment is unlimited (Costley &
Todd, 1978), implying the need for eareful prior thought about ths organization or work
group baing formed, its task goals and objectives, its staff (size end make-up) and its
mangement philocophy. The command and ecntrol environments of the diffcrent projects
currently in place and being plannad for the future at Goddard could ‘nly benefit from a
thorcugh analysis and evaluation of these factors.

Case Study

The literature generally points to the human-as-a-resource approach for effective
management in terms of productivity and employee satisfaction with the underlying
essumption that employee satisfaction is positively linked to productivity. A useful and
relevant fllustration of this approach to management wes scen at the University of
Colorado's Laboratory of Atmospheric and Space Physics (LASP) within the Solar
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Mesophiere Explorer (SME) mission. Severcl Goddard and contractor personnsl visited
LASP recently and listened es ths staff cutlined the management approach to the SME
project.

Upper level management set out to accomplish several things with the project
besides gusranteeing the health and safcty of the spacecraft snd collecting date. They
wanted everyone on the staff to have a thorough understanding of what wes going on
from all points of view. By doing this, they scught to achieve common goals. In
achieving common goals, they eliminated adversary positions. The director felt these
were the key assumptions within his philosophy: to achicve commen goals and to
eliminate adversary poeitions, thus leading to productiva, satisficd employecs and
smooth, effective operations,

Several actions were taken to achisve these objectives. The usar was visibly
considered at all levels, The mission dperations manager communicaced elosely with the
scientists to better serve their nzeds and was also clasely tied to the operations people.
Upper level menagement also kept in close contact with the hardware designers
incorporating ergonomic aspects into the physicel environment, e.g., recessed ceiling
spctlights over workstations to decresse glare on CRT sereens. All decisions were made
by consensus within the apprcpriate groups rather than by edicts being passed down from
upper level management. The consensus decision-making process led to & thrashing out
of common goals, with everyone working towards the same outcome, thereby channeling
motivation to the project a whole as opposed to territorial or political ends. This
philosophiy also led to the development of a unique shift d&ci@ for operations. The flight
controllers and operators participated in the design of the twenty-four hour steffing
plan. A two, twelve hour shift schedule (3:30 a.m. to 3:30 p.m.) was adopted. This was
bssed on a staff consensus which concluded that there are morning and evening types of
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people end that shift hours should coincide with those personal peeferences. Once &
controller chocaes a shift, ha/she remains on that shift, eliowing for the cs'ablishment of
to estahlish daily routines, including the importent biological procsss of re-entrainment
(Chapter 3). The shift design clzo mede both shifts equally attrective, Le., neither
operated during entirely popular or unpopuler hours.

Another key assumption of the SME management wes the importance of accurate
assessment of, and feedback on, individual work performance. A computerized
performancs assessment tool wes used to provide cleer direction end fesdback to ths
worker. Each irdiviGual's tas!s were broken down into easily handled compenents, with
the break down determined by comsensus, and monthly print-outs tracking progress
towards each goal were provided. Thus, employees had concrete avidance of their past
effort and present stutus. Most workers displayed their progress roports for all to sce
turning the excrcise into a game-like activity. Menagement indicated that quantifying
performance effectively motivated workers and supported morale and catisfaction.

The manngemenf philosophy at the SME project included a positive perspective
towards accomplishment. The focus wes strictly on what could pessibly be done at al
levels, including the humen ones, given the resources, rather than on limitations. There
appeared to be a great deal of flexibility in dealing with potential problems and
compromise situations. The result was that successful, efficient operations were
meintained and that motivation and morale were high.

The SME project can be considered a small project by Goddard stendards with the
project director and missicn operations manager comprising upper level management.
The size was advantageous to the managament approach and allowed many things to
happen that might be difficult in larger projects. However, the success of tha project on
several different levels and its application to Goddard projects should not be disregarded
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bacause of tha "smellnses® of the operation.

The SME projest wes successful from geveral perspectives. It wee cumpleted ahaad
of scheduie and under budget, had a successful launch, and has continued to have
guccessful operations. Unique to tha project is the fact that one-third (equivalent) of the
operators in the control room are undergraduate studonts from tha University of
Colarado at Boulder who work part-time to support the staff {light coatrollers, e.g. most
worked as flight controllers and software programmers. Alco unique to the project was
the combination of roles for the flight controllers. These interesting aspects of the SME
project are beyond the scope of this document; for further informaticn the reader is
directed to Moe (1982). The central point, however, is that the projest succeedesd in
implementing humen factors in the design of the commend and contral room to the
delight of those working within that environment. Informal conversations with tho
operations staff ylelded enthusiestic responses to what had bsen done. A vidao tape
detailing the physical aspscts of the contrel room is available through Ceds 300 and the
NASA/GSFC Humen Factors Group (1983). The successful use of the humen-as-a-
resowce management philcsophy enlarged the application of human fectors to the
project. It should be pointed out that no one thecry of menagement is beat; sevecal
factors influonce what approach is best suited to what crganization or group. However,
the cholce of & management philosophy should bs a conseious decision mada eftes serious
consideration of the group's goals, tasks, end staff, and the choice should be made early
in the existence of group.
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CHAPTER EIGHT
TOOLS FOR HUMAN FACTORS DESIGN AND EVALUATICN

INTRODUCTION

This chapter provides a brief overview and introducticn to some of the commonly
used tools in human factors ansiysis, A number of these tools are very simple both to
learn and to use, and often result in very valuable information about the human factors
aspects of the system design proccss. The techniques discussed here include task
analysis, link analysis, and operational or onsite observation, and audits. Another
technique reviewed here is the use of situational mockups as a formal part cf the design
end evaluation process for workstations, information displays, and system contrcl
panels, The mockup technique is a required step in the military design process (MIL-
STD-1472C) and frequently has a very high payoff. In addition, this chapter deseribes a
range of more sophisticated tools used in human factors design end evaluaticn, grouped
under the general rubric of mathematicel or enginecring models of human-machine
interaction. PFinally, a number of human factors methodologies will be reviewed.
Recently, methodolegical approsches to design have been receiving a great deal of
attention. Although frequently epplicaticn-specifie, they show a great deel of promise as
deszign tools.

TASK ANALYSIS

One of the more useful tools employed in humun factors design and evaluation is
task anslysis. It is a prerequisite to any type of top~down analysis and provides valuable
design and job description information. Fundamentally, a task analysis defines what the
human does in a man/machine interface and what he/she needs to do, resulting in a role

definition of the human component in a system.
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A task anelysis is a structured method for deseribing work behavior in terms of i
tasks (McCormick, 1979). Tasks are basic units of human activity; several tasks together
comprise functicns. A task analysis breaks functions down into tasks and analyzes the
informational requirements and control feecback necessary for task eaccomplishment.

Tasks have several characteristics, and these help the designer determine what
behavior is & task, as cpposed to a subtask or function. The following are task
characteristics, as suggested by ANACAPA Sciences, Inc. (1981):

o Independent - one task can be performed independently of
another. The level of activity is meaningful in itself. a

0 Observable - an observer can determine whether or not a
task has been performed.

0 Measurable - an observer can assess whether or rot a task
is performed properly. .

o Time-Ratable - a task has an identifiable beginning and !
end.

Several formats can be used to conduct a tack analysis; and the decision to use one
format over another depends upon the activities making up the tasks., Figure 8-1 lists the
available formats and the activities best suited to each. As shown, for complex decision
or problem-sclving activities, decision table or flow charts and outline formats are best;
for continuous or sequential activities, outline or time-line formats are ‘bust; and for
step-by-step and identifiable activities, column formats are best utilized. An in-depth
description of each format type can be found in MeCormick (1973).

Task analysis, as a human factors tool for design and evaiuaticn, yields valuable
information and is currently used as such by agencies as the U.S. Nuclear Regulatory
Commission (NUREG-0700, 1951; NUREG/CR-2254, 1981) and the Department of
Defense (MIL-STD-1472C, 1981). NASA-Godd:'d's command and control room

environments would benefit greatly from a task analysis applied in the design phase of
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new systems. A number of benefits of task analysis which eppear relevant to NASA-

Goddsrd are preposed by ANACAPA Sciences, Inc. (1981). Task analysis can:
0 Sserve as a basis for other analyses
0 provide design requirements and reflect design impacts

o ensure that a task is within human performance
capabilities

o ensure humen safety

o minimize error by identifying what could go wrong and
when

O sServe as a basis for procedural and system support
development

As defined, the benefits of a task analysis are wide ranging. The cost of utilizing
this human factors tool is minimal; therefore, it behcoves system designers to apply it

frequently.

LINK ANALYSIS

Another human factors tocl used in design is link analysis, a method used to
determine layout of workspaces, conirol and display panels, anc. --:mmunication
networks. It determines optimal arrangements by calculating apprcoriate criterion
measures of the "links" or connections between entities and by analyzing the
relationships found.

There is an informal structure for conducting a link analysis. The designer first
determines what link type best demonstrates the relationships betweer entities.
McCormick (1976) defines three link types: visual, auditory or tactile communication;
control; end eye, hand, foot, or body movement links. Each analysis messures one type

of link. In a command and control environment, link analysis could be applied to




command penel design. For example, an cperator's hand movements could be the

appropriate link chcsen for measurement.

The next step is to determine the most appropriate criterion of link measurement
to use. There are several available, and the choice of one or more is operation-
dependent. The following are criterion measures suggested by ANACAPA Sciences, Inc.
(1981):

o Probability

o ‘lime

o Strength

o Importance

o Frequency

o Sequence

o Distance
Some criteria are qualitative and require subjective value judgments by the person
conducting the analysis. That person necessarily needs to be well informed regerding the
prceedures and tasks being performed. In the example scenario where operator hand
movements are links, frequency could be an appropriate criterion. A movement {rom one
entity to another on a command panel would have a frequency measurement of cne.
Design of command panels requiring minimal operator hand movements would justify
using frequency as a criterion.

To conduct sn effective link anslysis, a representation of the activity being
analyzed is needed. Graphic or schematic diagrams provide this and assist in measuring
the links. Matrices should be set up to categorize the criterion measures and to provide
sum totals of the links within the activity. Matrices ran be of two types: directional,

where element A links to element B in that order only; and nondirectional, where
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direction of link is not important, i.e., A to B or B to A (ANACAPA Scienccs, Inc.,
1981). For purposes of the scenario, a nondirectiorial matrix could be used.

Next, the totals within the matrix are ranked according to frequency intervels:
most, next most, and least frequent. This helps determinc the link strength in
preparation for drawing the link disgram. Figure 8-2 is a nondirectional link disgram.
The strength of the links is represented by the type of line connecting the entitics. When
drawing the diagram, eliminata crossed lines, put the strongest links closest together,
and have.all links represented. Several iterations of ‘s drawing may be necessary to
produce an accurate diagram.

When directional matiices are used, drawing the link diegram differs slighily.
After the links are drawn in corresponding strength representations, a principal path
must be determined. Figure 8-3 shows a simple directional link diagram with the
principal path corresponding to the alphabetized entities; i.e., move from A through F.
To determine the path, start at any entity and follow the strongest link coming into that
poiat. It is a "backwerds” process that always produces the same principal path result.

The last step in a link analysis is applying the link diagram to a layout. In the
example scenario, the controls and displays use in ~onj: :ction most frequently, as
evidenced by the link diagram, are grouped together and in the center of the operator's
reach envelcpe

As a tool for design, link analysis offers a structured aspproach to layout. When
used during the design phase of a system (rather than efter the fact), it can be very
powerful, forcing the designer to think ahout what actions will cecur end to determine
what ones are most important. Better !ayouts and arrangements, benefiting both human

and machine performance, are likely to result.
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ONSITE OBSERVATION

Onz very useful tool for conducting a humean factor analysis is on:site observation.
Particularly for the modification or the development of n¢tier generations of existing
systems, cnsite observation or operational audit of the current system can be a vital
dia'gnostic tool in identifying existing or potential human factors problems which can be
corrected in newer systems,

Site visits are a require. - cdure in licensing nuclear power plants (Bell & Swain,
1981; NUREG-0801, 1981; Seminara & Parsons, 1979). Tne purpese of such visits is to
allow the human factors analyst .o become familiar with the operations-relevent
charactertistics of the system. The intent is not to make design recommendations or
criticisms, but rather to identify aspects of the control rcom, the general layout, and
administrative control procedures that effect gencric humen performance.

A site visit may include the review of scenarios or sequences of events to identify

human &ctions that directly ~“ect the system-crit‘cal components. Another aspeet of &

review may be talk-throu; ' or walk-throughs of control procedures to identi‘y and
examine critical human factors aspects. This procedure allows the analyst to fully
understand the activities of the operator in various control functions. Performance
specifics are identified along with any time requirer. >nts, personnel assignments, skill-
of-the-craft requirements, alerting cues, and recovery factors. Subsequently, a task
analysis may be performed.

Onsite observation consisting of passive observation, critical event reviews, talk-
or-walk-throughs, or task analyses is a powerful tool for human factors design reviews.
It takes advantage of the wealth of knowledge and experience accumulated by skilled
operators and allows the analyst to augment his/her "text book™ knowledge of the system

with invaluable, real time experience. As a tool used in the preliminary stages of human
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factors analysis, site visitation probably is the tool with the lowest cost/benefit ratio and
should be ‘neluded whenever possible.

MOCKUPS

Introduction

The following guidelines are an extensive overview of mockups and mode!ls in the
general design process that can be found in Woodson (1981). A recommendation,
consistent with good human factors principles, is that Goddard consider the
establishment of & mockup test facility. The section which follows suggests some
guidelines for operation and staffing of & GSFC mockup test facility.

Mockup Test Faeility
The application of advanced tcehnologies and diverse operational teams at GSFC to

problems of real time satellite control makes imperative the minimization of error
originating {n any system component. In suppert of the highly visible manned space
program, NASA has already mandated the use of mockups in the design process. The
Department of Defense has mandated the incorpoiation of human factors cngireering in
large scale systems design. The implementing specification, MIL-H-46855B, explicitly
calls for the use of mockups in Par.3.2.2.1.1 (1981). The reasons fcr this ere clear:
system designs must incorporate their human elements at the earliest poscible stages,
and human factors guidelines must be validated by testing the designs through the use of
mockups.

Any physical product can be mocked up or physicelly modelled. Procedures using
these physical products can be tested before the design becomes final. The products used
by GSFC fall basically into two classes: communications products and work station

products. The communications category includes all devices for conveying data from one
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place to another. These devices include KCRTs, phone sets, time displeys, graphics
interactive devices, and the computing hardware and sdi’twm which cupport them.
Workstation products include luminaircs, desks, seats, and other items not necesssrily
specifically configured for GSFC missions. In general, GSFC communications products or
their interfaces (displays, etc.) sre embedded in worlstation products.

GSFC operations are typified by the coordinated effort of multiperson teams.
These types of operations sre seldsm found in the purely commerciel seetor but are
frequent in defense cystems and in high-technology regulated sectors, such es nuclear
power and air traffie control. Mockups are required to ensure that multiperson
operations communicate and function smoothly within a given designed environment.

This, of course, does not slight the need for testing and evaluation of one-cn-one
communications, particularly at GSFC, bstween a controller and the system being

controlled. In this erea, we think primerily about interactive communications with
| computers. The need to mock up environments in which complex team interactions can
be observed does, however, suggest certain recommendations for a :3SPC mockup
fac!lity.

The facility should be large enough that complete control rooms can be mocked up
at a 1:1 scale. The facility should be linked to operational facilities so that test and
evaluation can be conducted by dual operation in real time. The facility should be
serviced by computers of sufficient power that reelistic data environments can be
simulated.

The mockup facility should be treated as an experimental l_aboratory. In this
laboratory, at least four distinet sets of personnel will interact: designers, mockup
specialists, evaluation specialists, and subjects. (For another perspective, sece NUREG-
0700, 1981).
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Designers of hardware and/or software and/or procedures will submit cendidate
designs to the facility. Mockup specialists ("set designers”) will construct the
appropriate environment. Evaluation specialists will davelop a test plan and conduct the
evaiuation experiments, including selection of appropriate subjects. It is crucial thet
designers be divorced from the evaluation process.

The facility will possess instrumentation tools and equipment, both hardware and
software. Such tools include anthropometric measuring devices, videotape, software
monitors, and other sensors.

Administratively, the faeility must be supported by GSFC tep mansgcment. It
should operate under a formal management charter ensuring its independence. The use
of the facility to evaluate both in-house and contractor designs must be mandated.

The facility :-iw.:ld be a resource to designers as well as a tool to evaluate their
designs. Conference and video rooms should be part of the facility. Overhead catwalks
in the mockup area would be desirable. |

The mockup facility should be chartered to develop en independent experimental
and data acquisition program. For example, the facility chould be charged to monitor the
anthropometric user populations of GSFC and any variaticns in th'ese populations over
time.

Designers of products to be evaluated by the facility should provide only the design
specifications to the facility. It is the role of the evaluation personnel independently to
define a test and experimentation plan given the functional specifications of the
product(s). Indeed, the functional specifications should go to the mockup facility at the

same time as they go to the design team. As i3 well known but seldom practiced

evaluation criteria should accompary tk» functional specifications.
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The mockup facility should cooperate with and support design teams and design
review teams by providing evolutionary mockups throughout the design cycle. This
means that the mockup facility will be involved from first concept layout through final
prototype. This includes the potential concretization of the mockup into a training
simulator.

Designers should view the facility as a helpmate in the design process. If the
facility is drawn in only to make a summery judgment on a designer's creation, this
assistance will be resented and, if possible, rejected, no matter how justified, warranted,
or neecded any criticism may be. In terms from "egoless" programming approaches to
software development, the mockup facility should provide a structural environment for
"structured walkthroughs." The facility should be seen as "velidating™ rather than as
"evaluating"” candidate designs. This places a substantial educational burden on the
facility and its staff.

The evaluation sfaf_f should be extremely competent in experimental design and
statistical evaluation. The concept underlying the operation of the facility should be one
of careful and controlled experimentation. This must be so that experimental results
from the literature can be validated (or rejected) for GSFC populations and applications;
so that the facility can publish GSFC findings on their own merits in the field to garner
both internal and external eredibility, and so that the facility can attract and retain top
caliber human factors professionals.

Mockup Techniques

Chupanis (1958) covers the basics of experimental design for human factors
engineering. Woodson (1981) covers the basics of mockup design and of subject

selection. The following discussion is based upon Woodson, pp. 993-1C03.
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Mockups are developed throughout the development process to velidate proposed
designs. There arc two basic types of mockups, differentiated by scsle. Ths miniature-
scale mockup is essentially a model used to examine gross or over-all structural or 3-
dimensional relationships. The full-scale mockup is used to test the reclationships
between the system and its user or meintainer.

At the beginning of the design process, mdckups are tentative, chesp, end
temporary. As the design process unfolds, mockups become increasingly substantial,
closer to the physical reality implied by a design. By the conclusion of the design
process, a mockup takes the form of a prototype. If the prototype is sufficiently
advanced, the mockup may graduate to a training simulator during the deployment stage
of the system life-cycle. Different stages in the design process require different levels
of complexity. The following mockup approaches are suggested to provide these
different complexity levels.

Paper Mo:kup. This kind of mockup is inexpensive and relatively quick to provide.
The working medium is paper and/or cardboard. The paper is coordinate scaled (line
quadrille paper), and design elements may be cut out end moved around on & backing
surface, or they may simply be drawn on a working surface. This provides a very good
first-cut examination of miniature-scale workplace or facilities leyouts or for initial
review of full-scale relationships like those of a control panel and its elements to
operator reach. Woodson notes:

It should be emphasized that the paper mockup is not to be
regarded as a plaything that is beneath the dignity of the
practicing professional . . . a paper mockup will provide
important criteria for developing more sophisticated mockups

later on during the design program. ( p. 993)

Soft 3-Dimensional Mockup. This type of mockup is somewhat more durable than a

paper mockup. It is constructed from wood, cardboard, and rigid foams. It is termed
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"sovft" because the materials are easy to work and assemble, in contrast to “hard" metal.

A wooden frame provides structural support for cerdboard or foam board
representations of a control or work environment. The cardboard or foam board "skins"
may be used as the mounting surface for paper mockups of controls and displays. Sucha
full-scale 3-dimensional soft mockup gives the ability to evaluate the spatial
interrelations between an operator and his working environment.

A miniature-scale soft mockup is typically made from a soft wcod like belsa. The
elements of the scene (chairs, panel racks, etc.) may have a rnagnet attached to their
undersides so that they can be secured on & metal mounting plate.

A soft mocckup can be made more realistic once the basic patterns have been
validated by replacing the paper mockpupsvof instruments with their actual counterparts,
mounting them in the mockup skin. From there, the instruments mey be wired to
simulate active instruments.

Soft mockups can also be used to examine maintainability problems, such es
location and size of eccess hatches. Because of the case of construction many
alternative designs may be tried out via soft mockups. The appearance and
operator/maintainer relationships exhibited can be captured photogrephically for all
trials. This can lead to increased communications among those involved in multi-
specialist design teams and provides both documentation and a comparison among designs
for design reviews.

Hard Mockups. The hard mockup serves to define the detailed assembled aspects of
a completed design; at the extreme it is a full prototype. The hard mockup is made with
metal and exhibits the details of internal structure as well as external appearance. This
is the working laboratory for finalizing design decisions, like the running of wires and the

selection of hinges. It provides a device for working out assembly sequences and
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maintenance operetions. Hard mockups ere used to eveluste specific human-machine

interface problems, including maintenance and repalr &s well as operation.
Other Mockups. ©tyling bucks and models consist of clays o2 molded plestics

providing just tha external appearance and dimensionality of a product. Portebility
models add dynamic characteristics, like the center of mess, to evaluate procucts such as
hand tocls which ere expected to be manipulated, carried, o¢ pesitioned by their users.
Portability models sre used to examine the weight end balence effects of thé produect in
use.  Accessibility mockups are concerned with optimizing access to internal
components. They can examina the physical arrangement of components from the view
of the efficiency of meintenance.
Determining Type and Level of Mockup

While there are no absolute rules, the available time and the criticality of the
human-machine interactions are key considerations. A mockup cannot ba useful if it
cannot be ready at the appropriate design stege; the typa and level of mockup should be
planned into the design schedule.

Woodson nctes the following as critical interactions—

0 The working space is limited due to external confining
constraints.

0 An escape envelope or path must be defined.

0 Visibility adequacy and/or constraints nead to be verified.
o Reach adequacy and/or constraints need to be verified.

o Lighting parameters need to be established.

o0 Entrance and exit for non-standerd users needs to be
provided.

o Control and display arrangements for ease of location,
identification, and speed of use need to be studied in real
time.
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o Component-reck interactions may present mobility
problems for the maintenance technician.

Making a mockup insufficiently realistic or detailed may prevent finding reliable
answers; on the other hand, any effort expended beyond that required to answer questions
like those above is not cost-effective. To be as useful as pessible as a design evaluation
tool, a mockup should be as flexible, adaptable, and changeable &s possible, allowing

alternatives to be quickly and inexpensively considered. A mockup is not an investment

but a tool.
Miniature-Scale Mockups and Models. Scale should be selected to fit the overall

number of items to be evaluated in the miniature scene., The model and its elements do
not need to be detailed, but they do need to be scaled accurately. One-sixth scaled
models are suggested for interior room arrangments. As long as a flat flocr is involved,
the metal base plate to which megnets will stick should be inseribzd in a grid of the
appropriate scale. These models provide a vantage point to observe total arrangement
proposals. Among other objectives, miniature-scale can be used to evaluate sightlines,
route utilities, arrange workstations, and evaluate traffic flows.

Use of Drawings and Peste-Ups. Panel composition and layout can be initially

evaluated by simply pinning a drawing on a wall. Better yet, attach a metal, felt, or
cork surface to the wall to which panel element paper mockups ean be attached. Both
sitting and standing relationships can be observed. This techniqua can be used to analyze
reach problems, sequencing and grouping, spacing and layout, snd height for visual
displays. Free standing wells with different plane surfaces can be simply constructed

from a wooden frame and foam board.

Erector Set Mockups. Optimum positioning of controls and displays can be

established by placing the user in a 3-dimensional framework constructed from "erector
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set” beams. Control and display elements can then be mounted on edjusteble supports
bolted to crossbers on the frame. The elements can be adjusted in 3-dimensional space
until the best location is determined.

Experimeuting with Alternative Panel Layouts

Woeodson puts it most clearly:

In experimenting with alternative panel layouts, one should
make & checklist of the principal human engineering features
that should be kept in mind, i.e., functional organization,
sequence of wuse, frequency of use, and primacy or
fmportance. I[n addition, however, one can also examine a
number of factors that are not in the typical human
engineering guides. Por example, although there are criteria
for spacing to prevent inadvertent activation and criteria for
size of label letters, and so forth, spacing-is often a matter of
general appearance, e.g., balance, symmetry, and absolute
clarity, One can "see" these characteristics only when
experimenting with severel different arrangements and
spacings. For example, it may become obvious that, because
the panel has to be very small, crowding cbviously creates
confusion. By meking slight alterations and/or adding
separator lines around certain related functions, one can
alleviate the confusion. One can also tell rather quickly when
the size variation among labels is not sufficient to provide an
immediately clear indication of funection levels. Even though
criteria have been esteblished by human engineers, these
sometimes need to be adjusted. (p. 998)

Human-Mechine System and Environment Simulation

While all models and mockups are to some extent simulations, the use of computers
to provide a dynamic interaction between human and system is perheps the ultimate
mockup. The extent of realism depends on several things including how important a
variable may be to human performance, how well it can be simulated, the time available,
and the cost. Woodson cautions: "Avoid the temptation to create an exotic simulation
because it is a design challenge." However, it should be kept in mind that a successful

simuiation may be advanced into a training device for the operational system.
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Choosing Subjects for Mockup Evaluations

Designers tend to be unsatisfactory subjects. They tend to be biased toward their
own designs. They are not generally representative of the user population. In addition,
designers typically assume that all users will react to a design in the same way that they
do. Things about the design thet seem straightforward, clear, and desirable to the
designer may be completely strange, foreign, and undesirable to actual users.

Subjects should be chosen directly from the expected user pepulation. They should
exhidbit the range of anthropometric distribution for that population, particularly in size
and strength. Those chosen should have the eppropriate range of intelligence,
experience, and training. |

Determining the Number of Evaluators

To evaluate reach and clearance, five subjects from each of the extreme design
percentiles (e.g., the 5th and 95th percentiles) should be adequate, To evaluate weight
characteristics of a poi-table package, 10 small subjects should suffice. To evaluate
control manipulability, at least 20 subjccts are required. For mockup and simulation
evaluations of team procedures, a minimum of three complete teams should be used. To
evaluate comfort and convenience, at legst 50 evaluators should be used.

Establishing the Basis for Test Subject Selection

When the mockup is testing dimensional physical relations, test subjects should be
chosen to represent the critical dimensional limits of expected users. This situation
requires subjects who represent the largest people, to test ciearance, and who represent
the smallest people, to test reach. In-between size subjects need to be included to
ensure that some in-between dimensional problem is not overlooked. It is standard
practice to fit the 80% of a population who fall between the 5th and 95th percentiles.

However, note that if a product is to be used by both sexes, the range should be from the
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5th percentile woman to the 95th percentile man.

For humen engineering'factors other than dimensional physical relations, a more
random sample from the user population should be used, of sufficient size to obtain
reasonably reliable measures.

Evaluation Design

Mockup evaluation design should follow standard experimental design. This
recommendation implies statistically honest and reliable procedurcs and appropriately
trained personnel to run them. Chapanis's (1958) text, as noted previously, is a standard
adaptation of experimental design applied to humean engineering questions.

Co. slusion

Mockups are an invaluable aid to the design process because they provide feedback
to the designer and early detection of human factors problems in an experimentai
setting. The most widely used human engineering methodologies incorporate the use of
mockups and their evaluation into the design process. It would be beneficial if
NASA/GSFC x-‘egularly used mcokups and in the design process and considered the
establishment of @ Mockups Test Facility. This facility would provide design evaluation
for the GSFC community and serve es an ongoing experimental resource in developing

humen engineered control rooms.
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MATHEMATICAL MODELLING TECHNIQUES USE~ IN HUMAN FACTORS ANALYSIS 1

Designers of machines pursue the design process in a pradominantly quantitative
manner. In response to the desire to describe the human-machine interaction in
somewhat similar terms, a wide variety of mathematical models of humar-machine
interaction have been developed.

In the past, much of the design of complex human-machine systems was
accomplished using principles of "conventional wisdom" or by trial and error techniques.
As a result, the human in the system was frequently confronted with a non-human-
engineered system and l2ft to cope as well as he/she could. Quantitative design metiods
which model the human-machine .intera"stion permit the prediction of design choices in
terms of system performance criterin. This ability rests on the ability to model the way
that the human behaves as a cumponent of the overall human-machine system.

There are many questions about the validity of such models — how con one predict
humean behavior? The use of such models over time has shown that they have a great
deal of validity for narrow and well-dafined application Jdomains. Often, the utility of s
model does not depend on its ability to prediet accurately and in detail. A modal which
provides roughly accurate or approximate behavioral data is often useful in design
decisions. Moreover, the process of modelling may help to facilitate the desigr pro-.ess
by assisting the designer in organizirg and clarifing his/her thinking on the huriian-
machine interactions involved in the system.

This section wil! survey a numoer of i12cdels and modelling methodologies which
have teen found useful in either conceptual or detailed design and analysis and modelling
of human-machine systems. Two excellent sources for further zcfercnce are the rceently

reprinted classic text by Sheridan and Ferrell (1981), Man-Machine Systems:

Information, Control, and Decision Models of Human Performance, and the e:cellent




tutorial text by Rouse (1980), Systems Engineering Models of Human-Machine

Interuction.
This review will follow the organization which Sheridan and Ferrell (1981) present
in their text.

Information Processing Models

This class of models and modelling methodolegies represents the human component
of the human-machine system as an information processor limited in its capacity both to
attend to multiple inputs and to match stimuli with suitable respenses. The models
described in this section rest on the various theories of human information processing
presented in the previous chapter.

Sheridan and Ferrell (1981) divide models of information processing into two major
classes: those concerned with probability estimation and revision and those concerned
with information measurement.

Probability estimation, both objective and subjective, is used to capture the
capacity of people to express their perceptions of relative frequency ard proportion.
Probability theory may be used as a normative tool to describe or characterize optimal
human behavior. Rules of probability may be used to form subjective estimates to assess
the probabilities of hypotheses, and Bayesian nrobability theory may be used to update

the estimates on the basis of new evidence.

Models of information measurement are based on the principles of information

theory which were developed in communication analysis as a way of quantifying and
describing the behavior of communications channels. Sheridan and Ferrell provide an
introduction to principles of bivariate and multivariate information analysis. Information
measures are interpreted in terms of coding, redundancy, and sequential constraints. The

text includes a review of experiments in which human performarce has been successfully
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interpreted using information measures. Such measures have been moet successfully used
in control tasks in which human performance can be characterized simply as
stimulus/response behavior. They begin to lose power for more complex tesks.

Manual Control Models

The next broad class of models used to describe, chﬁracterize, and predict human
performance are control theory7 models. Sheridan and Ferrell (1981), Kelley (1988), and
Rouse (1980) all provide extensive treatments of this subject. Manual eontrol models
seek to minimize error or system deviation from the norm. Often referred to as
engineering models, inanual control models have been quite useful for describing
continuous control of systems having a limited number of degrees of freedom, i.e.,
variables which need control. This class of systems includes vehicles of all kinds
including aireraft, automobiles, bicycles, and ships. These mcdels have not been as
weful in systems in which control is predominantly discrete rather than continuous.
Unfortunately discrete éontrol is characteristic of many of the imodern complex systems
having verious levels of automation.

Rouse (1980) provides an interesting overview of discrete-time "modern” control
theory formulations. He notes that although optimal control theory has been appiied to
modelling supervisory control situations in an effort to cope with the changing role of the
operator in the face of increasing automation, the analogy of the human ope-ator to a
servomechanism has some inherent limitations which muy also define the limits of the
applicability of control theory and its models,

Models of Decision Making

One criticism of engineering or manual control models of the human operator is
that although, fcr specific applications, such models are very accurate at matching

human behavior, i.e., descriptively velid, they have iittle intuitive validity. Using
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sophisticated mathematical techniques, control theory models assume the human behaves
as if he/she were cngeged in a series of calculations which include integral and
differential calculus, differential equations, Laplace and Fourier transforms. Models
based on these assumptions lack intuitive validity because users often doubt that the
human operator engages in such sophisticated computations in the decision making
process.

Decisinn theory was developed as & methodology to explain economie choice
behavior in certain (i.e., deterministic) and uncertain (i.e., probablistic) environments.
Over the years, decisicn theory and models based on decision theory have been widely
applied to many decision situations and decision makers, including the human operator in
complex control systems. Decision theory models assume that the decision maker
optimizes some specified criterion or set of criteria (e.g., minimize cost, maximize
profit) by selecting the alternative from a well-defined and exhaustive set of decision
alternatives which yields an optimal value of the criterion function. |

Utllity theory provides an enhancement to decision models by attempting to modify
the optimization process based on the preferences and values of individual decision
makers in decision environments. Thus, optimal choice is computed by determining
which decision outcome is worth the most to the decision maker. For example, although
an outcome resulting in a gain of $80 yields twice as much mcnetary reward as one
resulting in $40, the value or utility of the first outcome to the decision maker may only
be an increase of 50% rather 100%. The addition of a decision maker's utility function
for outcomes is a refinement of decision making models which enhances their intuitive
appeal and strengthens their structural utility. The primary difficulty with utility theory
models of decision making is that the decision maker's utility function must be assessed,

a task which is neither straightforward nor trivial.
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In addition to being either deterministic or probabilistic in nature, decision models
exist for both single objective and multiobjective decision situations. The theory is more
advanced and computations are much better defined and defined for the single objective
or criterion case; multiattribute decision models are at the cutting edge of current
research in decision theory.

Another variation in decision theory models is time. Some models are static,
representing one time, "one shot" decisions. Other models are dynamic and allow
modelling of sequential decision making processes. Applications to human behavior in
control systems include signal detection models of statie behavior, dynamic models of
behaviors including optimal stopping and data taking time, reaction time and
discrimination, and instrument scanning and sampling.

Newer Modelling Approaches

_ As the quest for more faithful and accurate models continues and as the need for
models which reflect complex decision making behavior in automated systems grows, a
number of new modelling approaches have been tried, some with a good deal of promise.

Queueing Theory. Rouse (1980) contrasts manual control models with queueing

theory models by stating that the former are concerned with system performance as
defined by deviations of the system's state from some desired trajectory, as opposed to
queueing models which measure length of time required to perform tasks, for example,
waiting and service times.

Queueing models are very applicable to situations where task completion time is
important. Applications have included models of visual sampling behavior for
instruments on a console as well as monitoring behavior. One very succesful application
is in air traffic control environments, where queueing theory models have been used to

assist in scheduling take-offs and arrivals and in staffing. One novel application is the
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use of queueing models to assist in dynamic task allocation in automated and

semiautomated cockpits; queueing models have also been used successfully to model
multitask pilot decision making.

Fuzzy Set Theory. An even more recent epproach to modelling discrete human

decision making is the use of fuzzy set theory. Its use in modelling human-computer
interaction in complex systems is even newer and there is, es yet, only limited
experience. Rouse and his colleagues (1980), however, have tried several applications
and concluded that fuzzy set theory may be very useful for situations where the human
must cope with inexact knowledge of the process being observed and/or controlled. This
research team has used fuzzy set models in both process control and fauit diagnosis

tasks.

Production Systems, Markov Chains and Pattern Recognition. Rouse (1980) presents

three modelling methodologies which have not yet been applied to numaa-riachine
interaction situations, but shov} a great deal of promise, particularly for automated
systems in which the humén functions as a system supervisor.

Production systems have been widely used in computer applications, particularly in
artificial intelligence. They have also been successfully used to model decision making
and policy making behavior in social science applications. Production systems permit
modelling of discrete, sequential decision making in which a pattern of events evokes
actions,

Probabilistic sequences of events can be modelled as Markov Chains. Markov
Chains allow the description of aggregate human behavior, not just individual behavior.
Aggregate behavior is often more useful in engineering design as opposed to statements
or descriptions about individual behaviors.

Another technique being developed in artificial intelligence is pattern recognition.
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Theories and models of pattern recognition may be quite useful for describing human
behavior in display scanning and sampling as well as fault diagnosis. Furthermore, if the
pattern recognition models are robust enough, they may be quite helpful in designing
decision aids to assist humans in pattern recognition tasks.

Summarz

This section provides a broad and general overview of modelling techniques used in
human factors design and analysis and in the desecription of human-computer
interaction. Some of the models and modelling strateglé, such as manual control models
and decision theory models, are well-defined and tested, with proven and accepted
domains of applicability, Some of the techniques are much newer and more speculative.
There is a need, however, to explore strategics and techniques beyond the conventional
models. Modern systems, with increased automation, are bringing about a change in the
role and responsibilities of the human operator. New tesks are discrete rather than
continuous aend frequently involve a higher level of decision making. Conventional tools
and approaches have not been able to represent supervisory behavior adequately and,
thus, must be augmented. Several of the modelling approaches show great promise in

describing human-machine interaction in automated systems.

HUMAN FACTORS ENGINEERING METHODOLOGIES
. Introduction
It is truly pointless to argue whether human factors engineering methodologies are
a discretely separable set of methods or whether they fall generically within some other
classification, such as systems engineering. Human factors engineering methodologies
are discussed here not to claim a separate discipline but to ensure that consideration of

the human system component receive explicit attention.
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While superior design has alweays considered human capabilities and limitations,
industrial design, architecture, and other activities devoted to producing goods for human
use have traditionally proceeded in the craft tradition. This craft tradition, founded on
good sense, intuition, and serendipity as well as a weeding out of clearly inappropriate
designs, proceeded by building up a body of craft lore concerning what does and does not
work when humans use material products. This lore, while not precise, sufficed even for
the relatively uncomplicated products of the Industrial Revolution and through the
nineteenth century. Whether handmade or machine-made, mos: items were still
individually made, individually used, and individually designed.

The technologies of the twentieth century introduced new complexities and new
scales to design, manufacture, and use. Qur machines became systems, too large and too
complex to be understood in their totality by a single individual. The craft skills no
longer were sufficient for design, inenufacture, or use. Scientific and analytic
techniques were developed as required to surmouﬁt the inadequacy of the individual
designer, who could no longer operate on the basis of the "fcel of the thing."

Design became a cooperative effort across many specialties, manufacture became
the work of diverse groups, and use became the responsibility of specialized team
members. Integration and configuration management arose a3 their own specializations,
with subspecialties concentrating on particular types of interfaces. Systems
management itself became an administrative specialty, attempting to maintain order
amidst incipient chaos. The prospect of an individual possessing an all-encompassing
comprehensive overview became nearly meaningless. As the technologies became more
sophisticated, gaps arose in design areas where specialists remained ignorant. And as the
specialists were increasingly oriented to engineering and analytic technique and as the

ultimate system user faded into anonymity, the system user and operator all too often
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fell through the cracks of the interfaces.

A dominant sector of human factors research has revolved around a figure in
American folklore who ettains nesr heroic stature and, in his rugged and daring
Individualism, has never quite faded into faceless anonymity in the eyes of those
designing for him—the fighter pilot. Aviation-related research has been & mainstay of
support for American human factors work in complex high-technology systems. Indeed,
some of the most wide ranging applied human factors work has been done in support of
the quintessential American Hero, the NASA astronaut.

Within the last two decades it has become abundantly clear that the human system
component is the a weak link when the system feails to build in human capabili and
limitations. In the complexity of contemporary systems, the old creft approaches to
ensuring usability simply have been superceded. The "squishy" performance o« .. human
organism now needs to be integrated into the system design as much es tlie engineering
performance of a computer chip or a bearing; and the integration needs to be as
technically based as other older engineering techniques to ensure compatibility among
the components of the design effort.

As expected, the meajor impetus for formal human factors engineering came from
organizations with experience in operating large and complex systems which depended
critically upon people for safe and effective performance. Significantly, the impetus did
not arise on the part of the manufacturers of the products and systems being used by
these organizations, except as an adjunct to traditional industrial design and marketing
activities. The major systems operators have had to impress their concerns for human
factors engineering on their suppliers. For the major systems operators, human factors
engineering is not a factor in marginal sales but in institutional and organizational

survival.
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Department of Defense

Of course, the major supporters of human factors engineering are the Department
of Defense, and the Nuclear Regulatory Commission, NASA, and the Federal Aviation
Administration. The Department of Defense has been actively programmatic in insisting
upon human factors engineering, promulgating the Military Standard MIL-STD-1472C,

Human Engineering Design Critria for Military Systems, Equipment nnd Facilities and the

Military Specification MIL-H-46855B, Humean Engineering Requirements for Military

Systems, Equipment and Faecilities. The NRC has issued many volumes of human factors

related techniques and standards.
MIL-H-468558:

"establishes and defines the requirements for applying human
engineering to the development and acquisition of militery
systems, equipment and facilities. These requirements are the
basis for including human engineering during propcsal
preparation, system analysuis, task analysis, system design
(including computer software design), equipment and facilities
design, testing, and documentation and reporting . . . human
engineering shall be applied . . . to achieve the effective
integration of personnel into the design of the system ... to
develop or improve the crew-equipment/software interface and
to achieve required effectiveness of human performance during
system operation/maintenance/control and to make economical
?ems)mds upon personnel resources, skills, training and costs."
ps 1

The Specilication requires human engineering efforts in analysis, design and
development, and in test and evaluation.

Proceeding from a baseline mission scenario, analysis includes defining and
allocating system functions between personnel and machines, applying human factors
standards to equipment selectioﬁ, analysis of tasks, and evaluation from a human factors
perspective of preliminary system and subsystem design. To define and allocate system

functions, the Specification requires that the information flow and processing needed to
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accomplish the system objective be analyzed. Then estimates of the processing
cépabmtia of potential human roles, such as operator or maintainer, in the system must
be made in terms of lcad, accuracy, rate, and time deley. The allocation of functions is
then made from projected performance data. estimated cost data, and other known
constraints. This allccation of functions deterr ines which functions will be assigned to
machines and which to personnel.

With regard to the selection of equipment, the Specification requires that "human
engineering principles and criteria® be applied to identify and select the equipment to be
operated, maintained, and/or controlled by personnel. Equipment selected "will meet the
applicable criteria contained in MIL-STD-1472C."

To determine components of tasks, human activities within the system are
submitted to task analysis. This analysis is used in making design decisions, for example,
to determine whether system performance requirements can actually be met by the
envisioned combinations of men and machines. Further, the task analysis is used to
develop personnel requirements and procedures for operating and maintaining
equipment. These requirements and procedures will also reflect needed training and skill
levels for system personnel.

This "gross" analysis will identify "critical® tasks to be anslyzed further. A critical
task is a task in which human performance which does not accomplish system
requirements "will most likely have adverse effects on cost, system reliability,
efficiency, effectiveness, or safety" (p. 12). Thus, a task is critical whenever
characteristics of the equipment in use "demand performance which exceeds human

capabilities or approaches (human) limitations" (p. 12).
The further analyses of critical tasks {dentify important parameters of human

performance:
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information required by the operator or maintainer,
including those cues which alert the personnel to begin the
task

available information

process of evaluating the information known to the
operator or maintainer

possible decisions as a consequence of evaluation
actions taken to carry out a decision

the body movements required by the actions teken
workspace envelope required by the actions taken
available workspace

location and condition of the work environment
frequencies and tolerances of possible actions
time base or profile of the entire sequences

feedback provided to the operator or maintainer to inform
of the adequacy or effcctiveness of the actions taken

required tools and equipment
required number of personnel, their skills and experience
required job aids or references

required communications, including types and media of the
communications

any special hazards that may be involved
interactions among personnel engaged in the task
operational or perfsrmance limits of the personnel

operational limits of machines and software involved.

4, 3

Significantly, the Specification requires this analysis of critical tasks "for all affected

missions and phases ineluding degraded modes of operation” (p. 5). The "gross" analyses
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and the further critical task analyses then are used to determine indivicual and team or

C o e

"erew" workloads which are compared with and evaluated against the performance

criteria for the system.
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To evaluate preliminary system and subsystem design, as in the selection of ; )
equipment, "human engineering principles and criteria” are applied to system and

subsystem designs. These designs must satisfy the criteria of MIL-STD-1472C.

Human engineering {n deteil design requires participation of personnel who are
assigned human engineering responsibilities in design reviews and engineering changa
proposals. Equally as important, the Specification requires "studies, experiments and
laboratory tests to resolve human engineering . . . problems" (p. 5). Two approaches are
spelled out by the Specification: mockups and models, and dynamic simulation.
Concerning mockups and models, the Cpecification directs that

"at the earliest practical point in the development program and
well before fabrication of system protctypes, full-scale three-
dimensional mockups of equipment involving critical humen
performance shall be constructed. In those design areas where
systems/equipment involve critical human performance and
where human performance measurements are necessary,
functional mockups shall be provided" (p. 6).

Concerning dynamic simulation, the Specification directs its use as a design tool,
giving consideration to differ2nt models of the human operator. Considerations should be

| e =

given as well to "man-in~the-loop" simulation and its possible development and use as
training equipment.

To ensure that human engineering is truly applied, the Specification requires that it
be reflected in the equipment-detail-design drawings, in the appropriete design
documents for the work environments, workstations, and facilities, and for performance
and design specifications. Among the items explicitly enumerated for analysis under

"normal, unusual, and emergency" conditions, the following are generally applicable for

Ans



NASA/Goddard consideraticn:

o atmospheric conditions, such &s composition, volume,
pressure, temperature, humidity, and air {low

o acoustic noise, both steady state and impulse

o adequate space for personnel, their movement, and their
equipment

o adequate physical, visual, and auditory links among
personnel and between personnel and their equipment,
including eye position in relation to display surfaces,
control, and external areas

o safe and efficient walkways, stairways, platforms

o provisions for minimizing psychophysiological stresses

o provisions to minimize physical or emotional fatigue, or
fatigue due to work-rest cycles

o protection from chemical, biological, toxicological,
radiological, electrical, and electro-magnetic hazards

o optimum illumination for the visual tesk
Finally under equipment detail design, the Specification requires that "the
development of procedures for operating, maintaining, or otherwise using the system
equipment" be "based upon the human performance functions and tasks identified by
human engineering analysis. This is done to assure that personnel behaviors are
"organized and sequenced for efficiency, safety and reliebility . ." and that "the
development of operational, training, and technical publications" (p. 8), reflect this
human engineering.
The Specification requires a hmman factors test and evaluation (T and E) program:
o to assure fulfillment of the Specification's requirements

0 to demonstrate that the system, equipment, and facility
design conforms to human engineering design criteria
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0 to confirm compliance with performance requirements
where personnel are a performance determinant

o to obtain quantitative measures of system performance as
a function of human interaction with equipment

0 to determine any undesirable design or procedural features
that have been introduced

This human engineering test program is to be incorporated into the system Test and
Evaluation (T and E) prcgram. The Specification directs that the human engineering
portions of all tests include particular components:

o a simulation or, if possible, actual conduct of the mission
or work cycle

o specific tests of the critical tasks

O a representative sample on non-critical scheduled and
unscheduled maintenance tasks

0 proposed job aids, training equipment, and special support

equipment :

0 test: - ts representative of the range of the intended
user ¢ tion

0 colle~?i~» . data on task performance in operational
‘environmenty

0 identification of discrepancies between required and
observed task performance

0 criteria for acceptable performance of the test
Further, all failures oceurring during T and E are to "be subjected to a human engineering
review to differentiate between failures due to equipment ealone, personnel-equipment
incompatability, and those due to human error (p. 10).
To ensure that human factors or human engineering is incorporated in o1 phases and
all parts of system analysis, design and development, and test and evaluation, the

Specification raquires the human engineering program to be coordinated with other
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program arees and integrated into the total system proyram. The mechanism to
encourage this coordlnation ard integration is the requirement that personnel assigned
human enginearing responsibility must "epprove ell layouts and drawings having potential
impact on human interface with the system, equipment, or facility" end that " the human
engineering portion of any analysis, design, or test and evaluation program shall be
directed under the direct cognizance of™ these personnel (p. 10).

Several aspects of the human engineering methodology laid out by MIL-H-46855B
deserve special attention. The emphasis on the application of “"human engineering
principles and criteria" extends in time throughout the éntire process and through all
cotaponents of the process of analysis, design and development, ard test and evaluation.
To ensure that serious aitention is paid to humean engineering problems, human
engineering specialists are required to sign off on designs, plans, and drawings with
potential effects on the human/machine interface at each stege. .

The MIL-H-46855B human engineering program emphasizes the cunduct of studies,
tests, and experiment&tion, both in the design and the evaluation stages. Notably, it
encourages the early use of mockups a3 an evolutionary design tool which may, with the
incorporation of dynamic simulation of system behavior end functions, lead to training
simulators. There is a stress upon the ongoing collection of data concerning human
performance in the operational context of a given system.

The Specification recognizes that working hardwere is not sufficient for a working
systein. The human engineering program ensures not only well-designed hadware, but,
from analysis of the role of the humar in the system, develeps the data needed to address
prcdlems of staffing levels, personnel selection and training, and procedures for the
operation, maintenance, and other use of the system.

In addition, the Shecification invokes the technical authority of established human
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engineering . ‘andards, specifically the MIL-STD-1472C supplemented by Human

Engineering Guide to Equipment Design (Van Cott & Kinkade, 1972) and 41 other
specifications, standards,

handbooks, end publications which treat specific topics in
greater detail. MIL-S:D-1472C provides guidance for visual and audio displays, controls
and their labelling, application of anthropometrie data, workspace and environmental
conditions, maintainability, remote handling equipment, vehicle and vehicle eshs,
avoiding hazards and promoting safety, aerospace vehicle compartments, and the
personnel-computer interfaces. Standards for the personnel-computer interface largely

incorporate the recommendations contained in Guicelines for Man/Display Interf&ces

(Engel & Granda, 1975).

The Nuclear Repulatory Commission

Together, MIL-H-46855B and MIL-STD-1472C present a coherent approach to human
engineering practice and applicaticn as well as a very useful and proven set of human
engineering guidelines. Much of the Nuclear Regulatory Commission's human factors
program has been derived from these DOD guidelines.

The Nuclear Regulatory Commission, as an "in loco parentis" operator of nuclear
power plants, has a strong interest in the applicaticn of human factors knowledge to
nuclear power plants. As :ﬁight be expected, the NRC's major interest here is with the
control rcoms of nuclear power plants, particularly in the aftermath of Three Mile
Island. The bibliography for this report contains a selection of NRC and NRC supported
work in this area (Banks & Boone, 1981; Banks, et al,, 1981; Bell & Swain, 1981;
Finlayson, Hussman, & 3mith, 1977; Mellcry, Flieger, & Johnson, 1980; NUREG-0700,
1981; Swain, 1980; Swain & Guttn.an, 1980),

As a regulator of private power production using nuclear fuel, the NRC's role as the

manufacturer is different from that of the Department of Defense, which itself directly
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uses the manufactured product. Rather than mandate the menufacturer's process of
developing designs, the NRC relies upon review of proposed designs and evalustion of
these designs with regard to published standards. Discrepancies that are discovered are

reported to the manufacturer who then must correct the situation.

NRC documents NUREG-0700, Guidelines for Control Room Design Reviews, and

NUREG-0801, Evaluation Criteria for Detalied Control Roum Design Review, are the

primary sources of material with relevence for NASA/Goddard. NUREG-0700 contains a
description of the NRC's Contr! Room Design Review Process and the Control Room
Engineering Guidelines which form the bulk of the report. NUREG-0801 contains the
procedural preseriptions to determine whether a design mects the functional
requirements of NUREG-0700.

"The licensee and applicant for operating license is required to

perform a comprehensive review using NRC human factors

design guideiines and evaluation. To aid the licensee in

performing the revievr, NUREG-0700 . « « was developed and

published. To aid the NRC staff and the licensee/applicent in

judging the accepability of the review performed and the

design  modifications implemented, NUREG-0801 was

developed" (p. ix). :

The usefulness of MIL-H-46855B has not been lost on the NRC. Appendix B of
NUREG-0700 focusses on the design of new control rooms. The appendix follows through
the analysis and design and development phases of MIL-H-46855B. In the light of human
performance errors at Three Mile Island, the NRC began its program of test and
evaluation of existing control rooms from & human engineering standpoint. In the MIL-H-
46855B framewnrk, NUREG-0700 and NUXEG-0801 address the test and evaluation phase
in great detail as guidelines for the review of existing control room designs, which is
NRC's immediate project. However, the NRC notes that "these guidelines should also be

of use during the design process for new control rooms," and NUREG-0801 provides the
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test and evaluation criteria to be used.

The Control Room Human Engineering Guidelines (CRHEG) of NUREG-0700 largely
extend MIL-STD-1472C in those areas particularly pertinent to control room design and
serve the same purpose as MIL-STD-1472C. The major topics covered in the CREHEG
include: control room workspace, communications, annunciator warning systems,
controls, visual displays, labels and location aids, process computers, panel iayout, and
control-display integration.

‘The nuclear power industry, through the Electric Power Research Institute (EPRI),
“has needed to come to grips with the human factors issues in control room design and to
react to NRC regulation in this area. Thus, it is quite useful to consider along with

NUREG-0700 and CHREG two publications produced by EPRI. The first, Human Factors

Review of Nuclear Power Plant Control Room Design, providez a survey of current

industry practice up to 1977. It i3 a marvelous tutorial on what NOT to do in control

room design. The second, Human Factors Methods fcr Nuclear Control Room Design,

published in four volumes through 1979 and 1980, provides detailed guidance, to the
industry from within the industry, on how to remove and/cr avoid the deficiencies and
errors catalogued in the 1977 EPRI study. These recommendations too are largely based
on the framework established by MIL-H-46855B.

The Control Room Design Review (CRDR) test and evaluation proeess is defined as
having four phases: planning, review, assessment and implementation, and reporting.
These phases are to be carried out by the licensee/applicant eccording to NUREG-0700
and are coordinated with NRC activities according to NUREG-0801: evaluation of the
licensee/applicant's program plan report, scheduled site visits during the review phase,
evaluation of the submitted CRDR report, and verification of the implemented changes.

The objectives of the CRDR are clearly stated with relation to these phuses:
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0 to determin2 whether the control rocom provides ths
system status information, control capabilities, feedbeck, .

and analytic zids necessary for control room operators to
accomplish their functions effectively. (review)

o to identify characteristics of the existing control room
instrumentation, controls, other equipment, and physical

arrangements that may detract frem = operator
performance. (review)

0 to analyze and evaluate the problems that could arise from
diserepancies of the above kinds, and to analyze means of

correcting those discrepancies which could lead to
substantial problems. (assessment)

o to define and put into effect a p.an of ection that applies
human factors principles to improve control room design
end enhance operator effectiveness. Particular emphasis
should be placed on improvements affecting control room
design and operator performance under abnormal or
emergency conditions, (implementation)

o to integrate the (CRDR) with other areas of numan factors
inquiry (reporting) (p. 1)

The planning phase described by NRC in NUREG-0700 in general simply reflects
sound project management principles and practices. However, extraordinary emphasis is
placed upon the selection of the review team and its composition. NUREG-0801 expands
this guidance almost to the level of position classification stntements.for the different
required specialists, including both formal education and professional experience
qualifications.

The review process {tself is broken down into several areas of review: operating

experience review, review of system functions and analysis of control room operator

tasks, control room inventory, and control rcom survey. It culminates in verification of

task perfocrmance capabilities and validation of control room functions. Any and all
pcoblems or diserepancies from the CRDR are compiled.

These discrepancies are then the focus of the assessment and implementation

241

%

v e i g8 B o e = =




Ceeyie e as e e el PRSI, . . .- - I Cier aimremmre e e S e et
' R . .z_‘_"-"‘ u-_(\-_ _.'.‘ ~ R ) § L

phase. The discrepancies are assessed first for potential safety consequences. Any that
have such safety consequences will be corrected. Any remaining discrepencies are
further anelyzed for effects on operator or plant perfcrmance, availability, or
efficiency. The discrepancies judged significant in light of the criteria will also be
corrected. Discrepancies to be corrected sre then subject to analysis and to design
improvement. During implementation, the discrepancies are physically corrected in the
control room.

Reporting requirements are rigid throughout. In part, this rigidity is due to NRC's
nature as a regulatory agency. More importantly, it echoes the concern of MIL-H-
46855B that human factors engineering be based on appropriate data and that human
factors engineering programs must produce reliable data to provide a basis for further
human factors design and evaluation.

While based upon MIL-H-468558, NUREG-0700 is quite useful in the context of
these guidelines because it demonstrates the successful adaptation of the military
specification to a non-military environment and because it focuses on the application of
these specifications to the control room environment. In addition, NUREG-0700 adds
considérable meat to MIL-H-46855B's treatment of the test and evaluation process and is
specific to control room environments generically similar to those at MASA/GSFC.

National Aeronautics and Space Administration

Unfortunately, a similar programmatic effort has not yet materialized at NASA.
While NASA projects have contributed to our human factors knowledge (Bchan &
Wendhausen, 1973; Kubokawa, Woodson & Selby, 19_69), NASA human factors studies have

traditionally had the manned aerospace vehicle and its crew as their subjects. In support

of the manned space program, NASA commissioned the Anthropometric Source Book

(Webb Associates, 1978) which in Volume 1: Anthropometry for Designers, Chapter VI,
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Anthropometry in Sizing in Design, under Workstation Design, contains the clearest
statement of NASA guidance for human enginecring. Even this is posed merely & a
method to be used in developing anthropometric design data. The approach can be
outlined in a series of steps as follows:
o0 Determine the charseteristics of the potential user
population and select the appropriate anthropometric data
base for analysis.

o Establish what the equipmaont .nust do for the user (form,
function and interaction).

0 Select the principal intceface of the user with the
equipment.

o Establish the anthropometric design values to be needed in
fabrication,

o Design and evaluate a mock-up end revise the design as
necessary.

Clearly, this outline captures with broad brush the more developed guidance of MIL-H-
46855B and NUREG-0700. Again, emphasis is placed on the concept that human
engineering cannot be performed without specific knowledge of the intended user
population. Note the clear concern in the second step that equipment must be designed
for the intended user rather than forcing the user to adapt to the equipment. Clear as
well is the recognition that purely analytic studies will not suffice when designing for
people. The design work must be evaluated through testing and experimentaticn, using
representative users with a moek-up or simulation of the equipment. The authors of this
report hope that these guidelines will be effective in assisting NASA/GSFC to develop a
more comprehensive and more detailled program for the applicatioi» of human factors
engineering.

George Washington University

Woodson (1981) devotes Chapter 5 of the Human Factors Design Handbook to

"Human Engineering Methods."
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The materiels in this chaptes (of over 100 pages) follow .
somewhat closely the human engineering program practices of
the US. militery services &s they have been spelled out in .
human engineering specificationrs and standards . . . the
purpose of this chapter is to provide a number of guidelires to
assist designers in doing their own human engineering (p. 893),

when engineering specialists are unavailable. Woodson accomplishes this in a remarkably
clear and straightforwerd feshion with numercus illustrations and examples. Given that
MIL-H-46855B explairs what to do, Woodson presents a very practical exposition of how
to do it. As Woodson says,

although these guidelines were originally developed for use in

militery systems development, they have been found to be

equally applicable to any hardware development program, large

or small. Because the methods are based on a logical and

systemastic process of , .

(1) establishing the proper role of the human in the
system,

(2) designing the human-machine interfaces to fit thc
human's capabilities and limitations,

(3) evaluating end testing to sece that the design does fit,
and

(4) properly training the human to finally close the locp
and thus assure reliable, total human-machine
perforinance effectiveness, they should apply to all
products that are used or operated by humans (p.
893).

The foregoing discussion has deseribed global methodologies for human engineering
in general. For the highly automated contrcl room, an important human factors concern
is the interaction between the computer and the controller or supervisor. The design of
conversations between a computer ind its user which is truly human engineered is the
object of a local human engine.ring methodology under development by researchers at
George Washington University (Bleser, Chan & Chu, 1981; Bleser & Foley, 1981; Foley,

1981; Foley, Wallace & Chan, 1981; Sibert, 1982).
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Because the interface betwean the computer and the user can clearly be considered
&s a conversation, these resesrchers =dopt linguistic design (Bocast, 1582) &3 their basic
design approach. This {s a modification of "traditional® top-down software design
methodologies in which the high level problem is seen as constructing a lenguage specific
to the needs of the user. The language is designed to express the objects or data
structures of the user's application end the necessery and sufficient ways in which these
objects can be manipulated.

Anaelysis of the problem must produce a description of the process from which the
objects of the application and the ways in which they can be manipuiated and allowed to
Interact can be derived during the linguistic design process. To produce these
descriptions, the George Washington University (GWU) researchers are suggesting the
application of the human factors technique of tesk analysis. Task analysis itself is
described elsewhere in these guidalines. From the task analysis, it is hoped that "a set of
design constraints and objectives, & definitldn of user characteristics, end a set of
functional requirements" may be produced (Sibert, 1982). Note that these functional
requirements are for the conversation about the user's application, not for the user's
application itself.

The functional requirements of the conversation at the interface must somehow
reflect the functional requirements of what the conversation is about; otherwise there is
no semantic content of relevence to the user application. A task is essentially defined as
a group of independent but related activities diverted towards a goal; when performed a
task results in a meaningful product. Before task analysis can be done, the goals and
products must be known (McCormick, 1979). A tssk identified by the task enalysis might
be exemplified by: "Convey a request for selection of an acticn from a set of actions ‘A’

given state B'." The functional requirements might concern the allowable response time
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or the permissible error rate.  Thus, the GWU methodology presupposes that the
application problem itself hes already been completely analyzed.

. \With the human factors data gathered in the task anslysis as the foundation, the
GWU method proceeds in a standard linguistic approach through a four-step process of
conceptual design, sementic design, syntactical design, and lexical design. The
conceptual design is centered around the concepts needed by the user to work
successfully with the system. It is the purpose of conceptual design to organize a set of
language constructs, what the language is "talking" about. In brief, it identifies the
objects to be talked about (data), the relations among the data (data structure), and the
necessary anG sufficient set of manipulations (operators) that are necessary to address
the application problem from the perspective of the user at the interface.

The semantic design is centered around specifying a sparse vocabulary, the words of
the language which will symbolize or convey the meaning of the coneeptuel ecnstructs.
The vocabulary then defines the units of meaning of the language. The vocabulary
elements are called the "tokens" of the language. However, it is necessary to structure
the vocabulery, to develop ordering rules so that the elementary units of meaning can be
combined in ways from which sensible meanings can be built up, i.e., to produce complete
thoughts. The syntactical design is centered on this creation of a grammar for the
language. |

The lexical design is centered on the problem of defining the means by which a
language token will be specified. As Sibert (1982) notes, it is only at this stage that we
begin to think systematically about hardware. For example, a token meening "the sun"
might be defined by the computer as a string of charecters "SOL" or perhaps by an
idiographic image or by ringing a bell. Referring to the functional requirements provided

by the task analysis, the characteristics of different interaction techniques may be
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evaluated to provide the lexical basis of the conversation to ensure naturalness for the
user, efficiency in time and effort, and minirization of errors in forming end ordering
the tokens of the language.

The proposed GWU approach departs from customary linguistic design at this point
to consider the physical environment of the conversation as well as the "mental®
environment of reference and user's meanuals formelized from the work of the preceding
steps. (It remains unclear at this time how this step affects the design of the man-
machine conversation itself).

Finally, with the language completely designed at all levels—concaptual, semantie,
syntactic, and lexical—and with all reference and user's material completely drafted, the
language is subjécted to a complete design rcview and evaluated against the functional
requirements of the tasks to be talked ebout and against human engineering guidelines.
Part of the GWU research effort is directed toward estsablishing these guidelines and to
develop metries that can be used to assesﬁ "such characterisiics as goodness, efficiency,
or user friendliness" (Sibert, 1982). On the basis of the design review, & new design
fteration may be started or the conversation inay proceed to implementation.

Pigure 8-4 (Sibert, 1982) presents the sequence of steps being investigated by GWU
researchers. In summary, the conceptual, semantic, syntactic, lexical design steps and
the design review are proven components of linguistic design. Their methodology goes
beyond ordinary linguistic design as a methodology in the application of the human
engineering technique of task analysis to provide a well-structured foundation to the
conceptual design and in the explicit consideration of the environment of the
conversation. The GWU researchers are also active in investigating ways in which the
linguistic design process may be more rigorously structured and formally expressed. In

particular, they have made significant contributions to systematically lexical design and
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providing a basis upon which selection of intersction techniques at the lexical level may
be made using human factors criteria. The full development of their methodology for the

design of the man-machine interface is eagerly awaited.

Figure 8-4
Top Down Design Methodology Outline
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o  Syntactic Design ‘ | !
o  Lexical (interaction technique) Design | !
o  User Environment Design | {
o Design Review

o Implementation
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‘SUMMARY : ' I

The DOD Specification, MIL-H-46855B, is the leading methodology for the |
integration of human factcrs engineering into the systems development process. The
NRC has followed this approach, implementing the methodology in a civilian environment

and focussing on control room applications. NASA's philosophy of a human factors

methodology can easily be incorporated in the methodology developed by DOD ard 3
adapted by the NRC. It appears reasonable to recommend that NASA consider MIL-H-
46855B for adoption, fashioning its implementation to the speciai characteristics of

NASA activities, as the NRC has done.
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The specific interface design methodolcgies under develcpment at George

Washington University deserve further support and encouragement. If proven in practice,

these specific methodologies may be prime candidates for inclusion in @ NASA version of

MIL-STD-1472C for control room design.
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CHAPTER NINE
THE CUTTING EDGE: DIRECTIONS FOR FUTURE RESEARCH

‘This report documents a broad research effort which surveyed all the
major topics and associated guidelines, standards, and recent research related to human
factors aspects of control room dzsign. The activity spanned more than ten months and
included the review of more than 300 documents and publications. Topics included those
which are conventionally defined as "human factors" suéh s anthropometry and
workstation design, those which are emerging due to the introduction of the computer
into the workstation such as appropriate use of color and interaction techniques, and
finally, those which form the cutting edge of current research such as displays which
support the role of a human supervisor in an automated control! envircnment. The
guidelines constituting the body of this document provide a distillation of what is
known. Design standards and guidelires as well s user considerations are surmmarized in
a form usable by system d&igners. There are, however, many areas, particularly thoée
related to computers, which are not well-defined, areas for which recommended
standards are not available, and, sometimes, areas which are so nebulous or undefined
that relevant human factors aspects and appropriate human factors questions cannot
even be formulated. These aress define the nucleus of the future research agenda.

Just as in the current set of guidelines, the issues for further research consist of
easy issues and difficult issues. "Easy" issues are areas in which there are still
unanswered questions, but for which the required research strategies to address the
questions are cbvious and simple, requiring merely an expenditure of time and aifort to
carry out the needed tests and evaluation. "Eesy" issues include the development of

Goddard-specific anthropometric date, effects of environmental temperature on human
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performence, and workstation design for multiperson workstations. Also included in the
"easy" category are many of the questions concerning the hardware aspects of computer-
based workstaticns. Although underteking the needed experimentation to determine such
things as preferred keyboard layout and useful color or graphics capabilities may he
tedious, time consuming, and expensive, in comparison to research on the design and
evaluation of strategies for information display, such topics look easy.

The most challernging human factors research over the next decade will be in the
area of human-computer interface. For resl time systems in particular, and for most
human-computer systems in general, research will focus on the development of methods
to exploit the potential of the computer in assisting and improving human performance.
Particulerly in the areas of information display and decision aiding, the computer is a
new medium with no analog in previous generations of workstations and has encrmous
potential to improve the efficiency and effectiveness of the human-machine system.

Before the introduction of the computer into display technology, information
displays were generally dedicated, status displays, often linked to low level hardware
components. The human operator by necessity was forced to monitor banks of dispiays of
low level status information, select out pertinent displays, and combine the displayed
information into higher level forms compatible with his/her decision needs. Computers
provide the opportunity to drasticallv change this mode of information display.
Information provided by computer-based displays can be preprocessed by the computer,
integrated and combined into a form more suitable to decision needs than low level
displays reflecting the status of system hardware components. The computer can be used
es an information filter to reduce the cognitive load of information processing. The
design of such displays is not easy, however. At this point, it is still unclear what the

important questions are. An understanding of how humans perceive and process
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information is necessary., Given at least a rudimentary theory of human information
processing, models which can be implemented on a computer are needed. These would be
"es {{" models which would take as input low level status information and, behaving "as
if* they were human information processors, display higher level human-compatible
information as output. In essence, the information displays would be designed with some
level of "intelligence™.

A related activity is the use of computers to replace the human in some tasks end
the use of the computer as an active decision aid to the human in other tasks. Using the
computer both to relieve the humen of tedious or stressful tasks (automation) and to
assist the human in decision making tesks (decision support systems) will be a major
thrust of future research. The expanse and potential of computer systems require that
strategies be found to use automation to enhence, rather than degrade, human
performance and to use computers as a decision aid, rather then a decision hurdle.

Altﬁough the goals are cleer, the implementation strategies are not. A great deal
of basic research is needed to develop strategies for using the computer. Then, the
resulting strategies need to be empirically evaluated and the results used to refine the
strategies, which again must be evaluated. The road to the full utilization of the
computer's potential in human-computer systems is long and uncertain; yet, the promise
offered is staggering. The computer offers the human decision maker an unparalleled

helpmate whose potential is at this point unbounded.
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APPENDIX A
ANNOTATED BIBLIOGRAPHY

A tangible result of the literature survey conducted by George Meson University is
the annotated bibliography contained in this appendix. The literature survey was a multi-
purpcse activity, It served as a framework for the guidelines presented here; it
generated the annotated bibliography; it provided an up-to-date assessment of human
factors literature and research pertinent to Goddard's commard and control
environments, and it greatly contributed to the educational forum concerning human
factors that George Mason University strove to achieve at Godderd.

The annotated bibliography is maintained in automated form on a Tandy-Radio
Shack TRS-80 Model 0 microcomputer. Using the Profile II package, an alphabetical
filing system was constructed. The system is capable of many tasks but is not without its
limitations. It was occasionally necessary to make trade-offs regarding space versus
information while construecting the files., For example, in some cases titles were
abbreviated to fit the avéilable space.

A valuable aspect of the system is the ability to sort the data base according to
pre-assigned keywords. As each entry wes annotated, up to 16 appropriete keywords
were assigned, representing the content of the entry. The sixteen keywords are:

KW1 — Artificial intelligence

KW2 — Decision support systems

KW3 — Command and control

KW4 — Information processing

KW5 — Anthropometry

KW6 — VDT hardware

WT — P
KWT = VDT software ERECRDING FAGE 8k NOT
X 8t ] i“nft‘:o
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KW8 — Design guidelines

KW9 — Annotated bibliographies

KW10 — Humen factors engineering

KWl — Human factors tools

KW12 — Workstation and environmental design

KWI13 — Supervisory control and monitoring behavior

KW14 — Human-computer interface

KWI15 — Display design

KWI16 — Effects of automation

Tha annotated data base contains several items for each biblicgraphie entry besides
what i3 listed in this appendix. The assigned keywords are one example. From the first
field on the screen it can be determined whether the GMU project (P) holds the document
or whether it can be found in the library (L). The seccnd field on the screen indicates
what typé of document the entry is, with the corresponding legend: ‘

T — technical report or memoerandum

B — book

J - journal article

D — dissertation

P — proceedings srticle

W — working paper

C — chapter from a book

M — media

The format of the printed bibliography is somewhat different from convention
formats due to unavoidable space trade-offs. Only the first three authors of a document

are listed, with the length of the last names limited to twelve characters. The length of
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the title was also limited to no more than seventy-six charecters. In ceses where no
author name was available, the sponsoring agency was inserted as the author, ¢.g.,
NASA/GSFC, Department of Defense, Human Factors Socicty, and so forth. The entries
include standard information: author, title, publisher, and date. In an attempt to make
the entries es complete as possible, additional informaticn was included. Affiliations of
the author were included where applicable es were page numbers. Where a National
Technical Information Service number (NTIS) was aveilable, it was included to assist
those wishing to obtain the document. Applicable report numbers, such as thase used by
the Electric Power Research Institute (EPRI-XXX) end the U.S. Nuclear Regulatory
Commission (NUREG-XXX), were also included. The system is capable oniy of sorting
alphabetically according to the first letter of the primary euthor's last name. In
instances where single authors have published multiple documents, entries were made
rendomly after the initial alphabetized placement of the suthor's lest name because the
system was not capable of more detailed alphabetizing. '

The space available for each annotation was somewhat limited but quite adequate
for the purpose of this document. The PROFILE I software limited the size of the
bibliography to three hundred entries which wes currently sufficient. However, actions
are being taken to develop an expanded automated bibliography.

Immediately following is a list of abbreviations used within the bibliographic entries
and annotations,

List of Abbreviations and Acronyms
ACM-—Association for Computing Machinery
AFB—air force base
AIAA— American Institute of Aeronautics and Astronautics

AMRL—Aerospace Medical Research Laboratory
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APA~—Amer]can Psychological Association
ARI—Army Research Institute

BBN—Bolt Beranek and Newman
CRT—Cathode Ray Tube

CSC—Computer Sciences Corporatica
CTA~—Computer Technology Associates

Def. Doc. Ce.~Defense Documentation Center
Dept. of Def.—Department of Defense
DHHS—Depertment of Heslth and Human Services
DOC—Department of Commerce

DOCS--Data Operations Control System
EPRI—Electric Power Research Institute
ERBS—Earth Radiation Budget Satellite
GAO—General Accounting Office

GWU-IIST—George Washington University Institute for Information Science and

Technology
HF—human factors
HPFG—NASA/GSFC Human Factors Group
HFS—Human Factors Society
Hum RRO—Human Relations Research Crganization
IEEE—Institute of Electrical end Electronics Engineers
KCRT—keyboard cathode ray tube
LAN—locsl area network
MDOD—Mission and Data Onerations Directorate
MIL-H-—Military Handbook

262

.
. »
e s s e 3

St . b

Fre




R

MIL-STD—~Militery Standard
MOD—Mission Operations Division
MOR-—mission operations rcom
MSOCC~Mul'  Satellite Operations Control Center
RA:,. IMSFC—NASA George Marshall Space Flight Center
wASA, P ~=NASA Goddard Space Flight Center
NASA/ooC—. .SA Johnson Space Center

Nat. Res. Coun.—National Research Council

NBS—National Bure..u of Standards

NIOSH~—National Institute for Occupational Safety and Health
NRC—U.S. Nuclear Regulatory Commission
NTiS—National Technical Information Service
NUREG—U.S. Nuclear Regulatory Commission document
NYCOSH—New York Committee for Occupational Safety and Health
SAl—-Science Applications Inc.

SAND—Sandia National Lab. document

SMC—Systems, Man and Cybernetics Society
SRI—Stanford Research Institute

TDRSS—Tracking and Data Relay Satellite System
TIS—Technical Information Service

VDT-—Visual Display Terminal

VPI—-Virginia Polytechnic Institute
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ORIGINAL PAGE IS
OF POOR QUALITY

ACM,1 The Psychalogy of Euman-Computer Interaction, ACM Computing Surveys, Vol 13. Na. 1,
Mar 1981,

Special feue, Inclides: An Applind Bsychalogy of thve Uzer; P Studies of Databzse
Quary Language; Behavioral Aspecs of Text Editors; The Pszchobgwalsuﬂy of
Pmgramming, and The Pgychalogy of How Novices Leamn Computer Programming. Srecially
notahle for Rouse'’s article: Human-Conputer Interaction in the Cantrol of Dynamic
Systems,

ANACAPA Sde, Pundamentals of Human Fachxs for Enyineering -and Design, ANACAPA Sclences,
Inc,, Santa Bazbara, CA, 198L,

The aupparting documentaticn from an intensive, practical thres day sominar held in
Washington, D.C. in March 1982, Tcpimccremdinchﬂemmnfacmmodeh,mmn
information processing, predesign analysis, task analysis, princinles of

display/control layout, human/computer interfacs decign, methods o Jayout and

Alluisi, B A, & B. B u@mg@nmgpqmymumrm,amnmw
¢ qu' Vd. 27, 1976, m 305.3300

A somewhat dated yet thorough literature reviaw spanning ten years (1266 - 1976) of
meazrch in the human facters field, It contzins en excallant EbYegraphy through
1976 and peovides an intograted framewozk for the litoratre owmvey.

Alter, S, Decialon Suppaxt Systems: Cumrent Pmactice And Continuing Challenges,
Adlison-Wealay Publishing Compeny, Reading MA, 1980,

Presents czse studies, conclusions, and recommendations taken from a survey of 56
nmn-trzditional infermation gystems, While not all systems reported might ba
ocongidered decision support they all are efforts to overcome the daficiencies of MIS.
Provides a taxonomy of decicion aippert gystems and comparative patterna of usage by
individuals with different czganizational rmles, Tmeats implamentation in strategic

and tactical detail, particularly ways to avaid known dangers. Very good hibliography.

Ammerman, B L. & W, H Melching, Man in Centrol of Highly Autcmated Systems, HumRRO,
Alexandria, VA, NTIS§ AD727658, Hay 1971,

This paper identifies what a perscn should o a8 a decision maker and contraller in
the newly evalving man-machine gystems, Among the topics discussad are man's
underlying basic functons in a complex system, task actvities for individual jobs
and their analyses, and training and tha design of opcrational job positiona,
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ORIGINAL PAGE
OF POOR QUALITY

Apostolakls, G, S. Gaxdbba & G, Vcita, E4,, Synthesis and Analysis Methods for Safety and
Reliahility Studies, Plenun Pracn, New Zak, NY, 1980.

Selacted papers from tha NATO Awmswmwmsmmam
Methads for Safety and Reliability Studiss, July 3-14, 1978, Divided into four
mm&mmmmmmmdmm;mmmm,am
methods; and man-gmtem interacticns, Rasm\men'spaper'nwasmaumanzwanalysia
&nd Pindictimn® &8 a.good primar paper,

Atwood, M, B, H. R. Ramsey & J. N, Heoper, Annctated Bihilography on Buman Pactors in
Sctware welopment, NTI3$ ADA071113, Englawoad, CO, Scienca Applications, Inc., qun 1979,

Asm&aﬁakxgummhe&utma&tccf&ammmfacm,amm
mmywwcax&zbadbyﬂnhmyamhmmw,mmmuﬁsmsm
mmmmwmm@mmmmmdmwmmn,

gogramming, cading, &l , testing, evaluation, and naintensnca, Tha literzhure
& covered through 1977, ‘

Bziley, R. W., Human Performance Engineering:A Guide Fcr Svstem Designers, Prentice-Hall,
Inc., Englowood CHEfNJ, 1082,

Banks, W, W, & M. P. Boone, Nuclsar Control Room Anmunciztoms Prohlams and Reconmendaticns

NRC, EG&G Idaho, Inc,, Iizho Falls, ID, NUREG/CR-2147, Sep 1981,

IGesHFes prohlom axeasinmnisa:cm&nlmomsasaodabaﬂwﬁhanmmdatc:disphy
MMMMMWW&MMMARM
zacommﬂaﬁmsanddimcdmﬁorfuuxeimpmvememsandmhfnmsedmm
man/display interface from a HF engineering porspective, MIL-STD-1472-B was uned as a
dbplayevahmﬁmcdtenmcmmny,mundatmwemﬁmmmbemadsquately
qmammummmm&mﬁmmmmamm

Banks, W. W., D. L Gertman & R. J. Petersen, Human Engineering Demign Considerations for
CRT-Generated Displays, NRC, EG & G Idaho, Inc., Idaho Palls, 1D, Oct 1981

Fmﬂaibyﬂxe!mc,&xiswodtzvdewedarﬁmmmdzedﬁmﬂnd!ngscfﬁﬂmmce
documemxderailingstarﬁardsﬁarmemechRTgmem@dcﬁSplays. The foous 8
mdmarily on hardware characteristics (e.q., symbal centrast, luminance, refresh rate);
deﬁmhmmdisammdwodmﬁmdqu,tmcfcohr,mdmtemcﬁ.ve

vices.
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ORIGINAL PAGE 13
OF POOR QUALITY

Banks, W, W, & M, P, Botne, A Methad for Quantifying Ceatrcl Acce=sibility, Human Pactors,
val 23, No. 3, 1981, pp 299-392,

A method of statistically quantifying the accessibility of controls was propeced, the
index of acceegikility, and validated. It considered tiwee sources of variability
mto#smachmvdcpe,&equencycfum,mdmh&vemmﬂma:cmm
1s with respect to the cperatcr, The nead for valid and reliahls measures is a paint
well takan and this index should be used again to replicate the resalts

Baron, S. & W. H. Lovisen, Display Analysis with the Optmal Control Mcdel of tha Human
Operator, Human Pacters, Val 19, Na 5, 1977, pp. 437-457.

Anhﬂemsﬁngarddaﬁmtmmhesﬂxecp&mlcmﬁnlmodelofﬂmancpemm,
in particular, cperutor-display interface and human operator information processing.
A simulation tesk was wsed, with the resalts being comparad to model results,

Baron, S., C. Peshrer & R. Mwzalidharan, An Approxch to Mcdeling Supervisory Contral of a
Nuclear Plant, Bzolt Beranek and Newman, Inc, Camkddge,MA, NUREG/CD-2988, Nov 1982,

This report describes the results of a study aimed at determining the feadhility of
applying a supervisary contrel madelling technnlogy to the study of critical
cpe:atmbmadmepmbbmsmmeopemﬁmefamxﬂsarpower;ﬂm Brdaf overviews
of atemative approaches to the modelling of human performance, and different
perspectives on the wmles of operatord in process contral activides are inclided,

Bartlett, M. W. & L. A. Smith, Design of Cantzol and Display Panels Using Computer
Algorithms, Juman Pactows, Val. 15, Na, 1, 1973, pp. 1-7.

The CRAPT faciliies-allocation algorithm was used to design an aircraft main
instrument panel. Th2 results suggect that this is a feamble activity for contxal
and display panel degign, It is an interesting idea, but needs firther wark as this
experiment was not very rgcrous,

Behan, R. A. & H. W, Wendhawen, Some NASA Contrdbubons to Human Pactors Engineering: A
Survey, U.S. Govemnment Pdnting Office, Washington, D.C., 1973.

This short paperback text reports some NASA contributions to human factors engineering
the authors felt wera applicable cutside of their orginal aercepace settings. The
contributions inclided cover the areas of measurement of physiclogical parameters,
display techriques, undarwater work, vibraten and impact research, vision testing,

and toals It is not intended to be a comprehensive valume, but mther a review of
several poesibly helpful shadies,

Bell, B. J. & A. D. Swain, A Pmcedure for Conducting a Human Reliability Analysis foc
Nuclear Power Pla, Sandia National Labs, NUREG/CR-2254, Dec 1981,

The repart presents an overview of a procedure for conducting a human reliability
analysis as part of a probahilistic sk assessment, In addition, detailed
dacnptxmcfeachstq:andanmmpleofanacmalanalysszsmduded.




ORIGINAL PAGE I3
OF POOR QUALITY

Belracchi, L, A Qualitative Operator-Process Interaction Model, U.S. Nuclear Regulatory
Commission, Waehington, D.C., 193L. :

A short paper (10 pages)aﬂrﬁngamedalctthainhemcﬁmsbetweenﬁmcpemtor
mﬂmdear;ﬂantpmmhq:edﬁcdedgncmcemdisamaiisﬁmcm&ul—disphy
cperatar/frocess interaction for abnormal modes of infarmation. Display design concep
ts for zbnormal situztions are developed,

BeMracchi, L., Tdp Report Memo to V.A. Moore, U.S, Nuclear Regulatory Commission,
Washington, D.C., May 1982,

This trip repot containg viewgraphs for the talk 'potentialtcmgxher&aedl’mcﬁmal
Aids for Powerplant Cperater® in vwhich various schenas for coatrol om opurator
decision suppost are

Bergeron, H. P., Single Pilct IFR Autopilot Conmplexity/Denefit Tradesff Study, coumal of
Afcraft, AIAAB0-1869R, VAl 18, Na. 9, Sep 1981, pp. 7U5-6.

jsdfyi&xm,mtmtammphmvwmmmdauwpﬂotmybemmor
waffomdable, In completely automated autopilot experiments, pilot performance was
found to be degraded.

Bergeron, H. P., "General Aviation Singks pilot IFR Autcpilot Study®, NASA/Langley,
Hampton,VA, NASA CP2170, Nov 1980.

This technical report summarizes experiments conducted at NASA-Langley examining
desirabla levels of automadon for autopilots, The expedments suggested that some
Jovel of automation is useful in a higsh work environment, but that thera are some
dishmbhg&endsmdatedwithtﬂgh]evelautomaﬁmﬁmndmmcfmem

Bergman, T., Health Pmtection for Operators of VDTe/CRTs, NYCGSH VDT/WORK GROUP,
NYCOSH, New York, NY, 1980.

Apamp‘ﬂetdescdﬁmﬁwvhmlpnhhmsaxﬂtealthhazardsasoda':ed with woddng
with VDTs: eye srain, glare, contrast glare, tha "flicker effect®, screen and
character size and calor, machine maintenance , eyeglasses and contact lenses,
posture, exercise programs, and stress. It makes several suggestons for
contxulling these hazards.
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ORIGINAL PAG" 8

Bleser, T. & J. D. Pdey, Towards Specifying & Evaluating the Ruman Factors of
User-Computer Inmberfaces, George Washingtaon U, Inzt, for Info, Sciencae & Technalogy,
Washington, DC, GWU-IST-81-22, Aug 1981,

This is a bdef paper details the development of a specification language to deecribe
the human factors aspects of an interface. This specification langusge 5 intended to
becaastentwﬁaﬂxe?ohymeﬁmdogywtnchmmnesﬁmwmﬁe:&ceatth.
conceptual, semantic, syntactic and lexical levels Fdley, 1981; mmer, Chan, and
Chv, 1981)%

Bleser, T.,, P. Chan & M. Cha, A Crtque of the SEEIIS User Interfacs, Geoge Washington U.,
Irst, for Infa, Science and Tech,, Washingten, UC, GWUD-IIST-81-04, Mar 198l.

This meport deacxibes the evaluztiocn and crtique of the user interface of the SEEDIS
Socin-Economic Envircnmental Demographic Information System) using the Paley design
methodalogy (Fdley 1981), This top-down design methoadalogy was used to examine the
conceptual, semantic, systactic, 2nd lexical lavels of SEEIIS., It is an excellent

aane shdy of the application of this methodolegy.

Bloomfleld, J, R. & J. A. Mddrick, "Cognitive Procesees in Visual Search®, Proceedings -
6th Congress of the Inter. Emgonomics Assos.,, Jul 1976, pp. 204-209.

This articls suggests three procesess for visual saarch; orgamization, varahle feld
of view, and congratulation. The authors list severzl implications for uman
information processing.,

Boehm-Davis, D. A.,, R. B Cuay & E L. Wicner, Human Pactas of Plght-Deck Automation —

tllgasla/nﬂ-.my Workshop, NASA/Ames Ressarch Center, Moffatt Piald,Ca, NASA TM81260, Jon
This techaical report is a summary of a NASA-industry warkzhop held to identify human
factors issues mlated to flight-dack automation which are likely to require further
recearch for resalution, The soopa of automation, the benefits of automation and
automation-induced problems were discuzsed and a list of potential research topics was
generated., AXhough the subject was flight deck automation, tha resuls are very
interesting and provably genemalize to many command and conttal environments,

Baurne, L. B, B R. Ekstrand & R. L. Dominowski, Tha rschology of Thinking, Prentice-Hall,
Emglewood ClLffsNJ, 197L

A weeful text ccwvering the topics of problem sclving, verbal leamirg, concept

formation, and lanquzge, from a cognitive psychalcgy viewpaint., Experimental evidence
is presented to support theory where availzble,

Bransfon3, J. R., Human Cognition, Learning, Understanding and Remembering, Wadsworth
Publishing Ca,, Belment, CA, 1979.

Thsumwdesanatcenentwexwewoftheﬁaldafcogmnvemyc!nlogyami

human memary. It surveys several information processing models and offers esdsting
evidence for each theory.

268




ORIGINAL p
AGE |
OF POOR QUAL:WS

Bmwn, R. V., C. R. Petaracn & W. H. Shawcrom, Decizion Analysis as an Elament in an
Oparational Decisicn Aiding System (I), Office of Naval Research, Decizions & Dmiqm, Inc..
McLean VA, NTIS¢ ADAOQLS8109, Nov 1975,

Reparts on continuing decision analytic rosaarch and the initial development of
ssveral prototype decision aids for the tactcal sippat of naval task force
commandars, Focus is an the potential contribution of advanced techniques of Cacision
analynis as decision aids in the davelopment of cpsrationsl plane and as an action
sslaction toal in the miszsion escution phase of task forow cperationa, Ning alds were
developed to varying dagrees and testad for uwwa on intsrective computer graphics

Bmown, J. S, R. Burton & M, Millor, Staps Toward a Thearstical Poundation for Coaplax
Knowladge-Basad CAL ARI & NPRDC, Balt Beransk & Newman, Inc,, Cambridge, MA, 3135, Aug
1975,

Deecribas mesarch directsd at dzsiguing and evaluating instructional systems which
are ahle to use their knowlsdgs to mimic soma of the capebilifes of a gocd tuter,
T}mmpahmmknhﬂemcrmﬁsbamcmmlmodahdfa*mdanﬂ

envircnment, k:amofbundinginhennmthm\mdamlaymmu, and designing
mbust intelligeat systems

Bucklar, A. T., A Revisw of the Literatura on ths Leglhility of Alphanumarcs cn Elscixonic
D, U.S.Amy Human EBnginearing Lah, Abardosn, MD, NTIS¢ ADA 040625, May 1977.

This docurent i35 a bdsf (8 pagen) reviaw of zalscted highlights with a 56 itsm
hibography. Pants touchad upou generation techniques, font, symbal subtenss,
msalition, percent active avea, contrast, symbol width to hsight, stroke width to
haight, symbal spacing, viewing angls, sixe of symbals displayed at odge of screon,
and symbal calor,

CSC, Report of tha Goal-Setting Workshop for the 1981 Computer Sclences Summar Stu,
NASA/GSFC, Lesshurg, VA, Jun 1981,

A praliminary report suggenting ssveral broal study goals in reference to NASA. They
inclinle: identifying thome NASA operations whare computer-taced information teschniques
and systems would, in the viaw of NASA management, fulfill the mcot critical sat of
currently unsatisfiad naads, develop a plan for incorporating computer netwodcs into
those NASA cperations most likaly to banefit, and formulate the charter for a research
and service NASA Camputer Scisnce and Technalogy Omanization,

Cfgi?mm Repert-IC4 Systam Dasign Study, NASA/GSFC, Graenbelt, MD, NASS5-26689, Jan
9

Inclidad in this simmary progress repoct from Computer Technology Assoclates 8 a
mview of Data System Madenzation documentation, a complsted, docuinentsd analysis of
Salar Maximum MissionSM M) cperations, and a descripton of the Ussr Computar
Intaractive Demonstration System.
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Cakir, A., D. J. Bart &¢ T. F. M. Stewart, Visual Display Terminals, John Wiley & Sons, New
Yok, NY, 1980,

This book i3 a mamal of desion gquidelines and user conciderations for video disglay
grmimlswo'l‘)andvm‘mﬂcghm It reflects the most current standards prevalent

Carbonall, J. R., On Man-Computer Iferaction: A Mcdel & Scoe Related Issues, IEEE Trmns
on Sys, Science & Cyter, val SSC-5, Na, 1, Jan 1969, pp 16.

Adatadyetm.pfulﬁ.enwmm:veyﬁ:amngmmn-comwminmmcﬁm Tha
authom present an-line interaction from an information processing and decison
analysis paint of view where the operator 2ecks to mininize overzll cczs, Both
opplied and thecretical implications are inclixdad,

Carbonell, J. R., Artificial Intellisence & Large Intcractve Mzn Computer Systems, ONK,
Balt Beranek & Hewman, Inc,, Cambridge, MA, Vol SSC-5, bt 1, Jul 1969, pp. 16,

A rmeport cn SCEOLAR, 2n early prototypa system capeble of a true mived-initiative
man-computer dialogus cn a glven topic,

Card, €. K, ¥. K. Emlicsh & B, J. Burr, Evalustion of Mouse, Rate~-Contralled Inometdc
Joystick, Step Keys, & Text Keys, _En;momim, vd. 21, Na 8, 1978, pp. 601-13,

Parr devices are evaluated with mezpect to how rzpidly they can be used to srlect text
ot a CRT scresn. The mouze is fcund to ba faster on all counts end &lso to have the
bwest exxror mtea, It is shown that vadaticns in pogitoning time with the joyst

ick and mouse are accounted for by Fitt's Law. In the case of the mowe, the weasurad
Pitt's Law slope constzant is close to that fourd in other eye-hand tzeks leading to

the conclion that poditioning time with this device is almost the minimal,

Chapanis, A.,, On The Allocation of Functions Between Men and Machines, Occupationsl
Pgychalogy, NTIS AD626311, vd. 39, Na 1, Jan 1965, pp 1-1L

General guidslines or conglderations for the man-machins inteface make up this

document, It is a helpful pece, incliding isoies easily forgotten when designing

grstems, The author utilizes a behavicral appreach for allocation of functions, and
rmcommends a strateqy Sor making allocation decisions,

Chapanis, A., Man-Machine Emgineering, Wadsworth Publishing Ca, Inc., Belment, CA, 1965.
This I8 a classic text by a "lion" of the Seld; it provides an exceller®: introduction
for luman facters engineering and human factors poychology., Topics aclide:

discussion of the pesition of the human in man-machine systems, visual presentation of
information, speech communication, and the design of contrals,
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Christ, R. B, "Cdor Research for Visual Diplays”?, Pmoeedings - 18th Armual HPS
Cenference, Oct 1974,

The experimental Hterature (1952-1973) cn the effects of caler on visual search and
dentification is reviewed, Quantitative analysis of the experimental resuls
kﬂimtmumtcdmmybeaverjeﬁecﬁvapeﬁamamefactmurdersomecuﬁiﬁm,
but that it can be detrmental under cthers, A quide for design decisions is provided

Chu, ¥, Y. & W. B, Rowse, Ad=ptve allocation of decision nzking respongibility between
haman & compute, ICEE Trans Syst Man Cybern, Val. SMC-5, Na. 12, Dec 1979, pp. 769-778,

Avezyhtemsﬁxgpempecﬁveﬁcraﬂmﬁngdedﬂmmddngmspadbﬂiﬁesbetwm
iummmﬂcomgmemmmuﬁt&:ksinm&m;bmedmmemtwoddmdofbcﬂ:
components in the interface, The resulting decision support system would be an
adaptive ono allowing for cptimal interface perfarmance,

Cicchinelli, L. . & A. B Lantz, The Elmination of Drelevant Infarmation in a
Multidimensional Stimuhxs Clas, Human Factors, Vol 20, ¥o. 1, 1978, pp. 75-82.

Repozt;evldenaeﬁcrﬁahdmaﬁmofmmdedﬁmmaldngmwmbjeds
filtering of vimuel CRT diplay information. The strdy implies lumans can eliminate
great amounts of informaticn mechanically without reducing classification accuracy, by
proper training. The authors suggest their methodology be used for providing
cbjective measures of information in clastification tasks, to examine individual
differences in feature snalyzis and for training procedures,

Claop, J. A. & M. Hazle, Building Blocks for C3 Systems, Air Farce Systems Comnmand, MITRE,
Bedford MA, NTIS$# ADA052568, Mar 1978. :

Amﬁafa&m&yimﬁmmkfmdengmmpmdeB
M&ommbhhﬂdxnbbﬁa?lncbjacﬁmbmmﬁnﬁme,mm
dskcﬁacmﬁﬁngmdmodifyimc3mmpmrsmtemaﬂtee)drmcfhm5dngmm
are identified: requirements, design, and ccftware, A data flow architectre is
mua&amwom&rparﬁﬁaﬁngammm&mﬂmlmmpmmm
ﬂe:dhﬂitytnaiapttodmxgingquﬁremmtsmﬂdiﬁﬁe:entmﬁguaﬂm

CadType Ong, Dan't Sit Too Ckse to twe TV, VRTS/CRTS and Radiation, cald Type Organizing
Committee, Bronx, NY, Sep 1980.

T!ﬁs&cumntpadmgewnistsofapamptﬂetmﬂsevml]omeaﬁdapexwmngm
radiation and wee of VDTS VDT radiation is seen a8 a health hazard, with the authce
mnmgﬁcrmc:eﬁgmgwemmentalmndamsmmetnchndogymb\mamﬁat
ion free ternminals,
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C{:mnum, W. & J. Rutenfranz, EQ, Studies of Shiftwork, Taylor & Francis, L4, London,
980,

Ttﬂshahxgecaﬂecﬁm(ﬁﬁ:tytﬂne)ofa:ﬁdesmhﬂngmmexgmomimof
shiftworc, It i5 arganized into sections pertaining to biclogical adaptation, :
Mmmmmmmmm&Mmngmm&meﬁdemy,
efﬁectxmscdalandthmﬂynfe,cﬁectsmheamhuﬂwenbemg,ﬁnd@qncf
shift systems and the cconomics of ehiftwork, A complets and unigque volume; ic
containg European as well a3 Amercan work, - ] )

Conrzd, R., Short-term Memecey Pactor in the Degign of Data-Enixy Reyhoards: An Irterfzce,
J. of Applied Poychalogy, Val 50, Na. 5, Oct 1966, po. 553-556.

The expedmental remults of a data entry task using two keyboanis (mna having high
simulis-rasponse compatihility, the cther low), indicate an interface botween
short-term remcry and stimuhm-response compatibility, The Hmited-capacity channel
model for infarmation procerming is supported,

Coombs, M. J. & J. L. Aly, Ed, Computing Skills and the User Intnrizice, Acndemic Prees,
Hew Yok, HY, 1981,

Ammdmmmmmcmmfawmmwxacompmmm
mﬂamd’mldbedmignedtommodntethelemlcfcompxtadamls!dnﬂntu‘se
user brings to the interaction, The first group of prpers discasnes the fomues
mmmpmﬁingﬁdiﬁaﬁx'mve'mem'mdadswithﬁw
nature of computaticnal eklls and techniques of ins/mystion, Tha third gmoup locks at
philcscphies tor intexface desion and practical desicm sark to irprove wer

Cooper, R. G., P. T. Marston & J. Duxett, A Human-Factors Casa Study Bazad on the IBM
Pescnal Computer, BYTE, Apz 1982, pp. 56-72.

Human factors experts evaluats the IBM computer regarding keyboard,documentation, and
functonal cperation., £: flistrates the general procedure of zpplying luman factors
pinciples when decidire which personal computer fits ane's needs, No specific ta

gks are evaluated,

Cax, J. T., Disturbance Diatixtion Applied to the Space Shuttls, NASA/JSC, Bouston, TX, 1952,

Ttﬂspaperpmvidasabdefdm-ﬁpﬂmcfﬁ)em\sedandmekeycuwepts

devﬂq:edbompgacdhﬁnbmmdeﬁecﬁminspaceﬂiqhtopexzﬁan Tha muclear
industry's Disturbanc»: Analysis Surveillance system is discusaed with respect to its
rmlative mle in the tpace program and some suggestions for its implementation are
made,
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Cmig, A., Haﬂ:odmﬁorOmmMctSignalmuanmofam The Effects of,
Human Factoms, Vol 23, Na. 2, 1981, g 191-197.

_Aviamlvi;ﬂmcemdcvasm:adtohwesﬂgamﬂnefﬁecmddqmlmixm
datectahility, Themsnrsmgqestﬁmcsigmldamctahﬂtyismpaimdbytm
gmdmmddgmmmemmkmmtmndmgmbagmamﬁn
wer the datectability of the signal considarsd on its own.

Crwford, B. M., D. A. Topmillar & G. A. Kuck, Ma-Machina Design Conaiderations in
Satellite Dcta Management, A.F.Systems Command, Aercepace Meadiicel Research Lab,
Wright-pattermon, NTIS§ ADA041267, Ape 1977.

Ttﬁampatmtaimmh&ulucﬁm&hxmhxﬁ&maﬁmm:\gﬁmwiﬂx
implications for mtellite data manzgement, a oection addressing human-computar
m&mﬁmmmmmaﬂmemddsﬁgnguwmfnr
the Satellite Data Mznagoment system devaloped by AMRL.

Cmwford, B. M., ¥. B, Pearson & R. F. Backert, Computer-Baged Simulations for Man-Computaer
System Design, A.P.Systems Command, Aercspace Medical Ressarch Lab,, Wdoght-Pat.AFB, OH,
TIS$A01-48374, 1981,

The Human Engineering Divizion of the Air Forre Aeroepace Medical Research Laboratory
has used man-in-the-lcop simulations to investizata hucan frctos prehloms posed by
man-computer intersctions in proposed weapon system concepta Two command and contro
lencpedmemsmdmcodqﬁtdm{gnexpedmentammmmdmdmmm

Cmwvford, A. M. & K. S. Crawford, Simulation of Operstional Equipment with a Computer-based
Instructional Syste, Human Pactors, Vol 20, Na. 2, 1978, . 215-224.

Cuxy, R, B, D. L Kleinman & W. C, Hoffman, A Design Procedure for Contral/Dicplay Systems,
Human Factors, Vol 19, Na S, 1977, pp 421-35.

Tmudcbmadedgnm&rcmmmmym The primary
tool is the Opdmal Contral Madel of the Human Operatos, This mcdel is used
at 3 levels: information, display-element, display-format, The model hypothesizes a
human will mimic a gocd inanimate ccnbroller, Therefore, it is usad as a framework
for design. Itha]soanexceﬂantpmdicto:cfpe:ﬁomame.Remhshowtho
hfomadmlevelagodmoﬁndafqumdfﬁnqmmnmmemmudmmm
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_Curtis, B, Ed., Tutorial: Human Factoms in Software Development, IEEE Computer Scclety
Pmas, New York, NY, 198L,

A large cdllection of S1 pepers applying cognitive ergonomics, cognitive psychalegy,
psychalinguistics, and industrial of argan‘zaticnal. psychalcgy to the study of
software davelopment, Thesa papers aro \opically arranged bys models of problem
solving in programming; software language characteristics; specification formatwy
faults and debugging; team performance; appraising individual programmer differencesy
and methodaological guidance, ,

Dainoff, M. J., A. Hepp & P. Crmane, Vimal Patigue & Occupational Stresa ia VDT Operators,
Ruman Pactors, Vol 23, No, 4, Aug 1981, pp. 421-438.

In this study, 121 office workers whose jobs required we of VDTS for verying
of their workdays were interviawed to datermine the attitudas to their work
and toward office zutomation. A subset wea examined for ane week during which time
optometric and mood/physical messurements were taken. Results indicated high lwvels
of eye fatigus, o3 well a8 complaints regarding glare and lighting, The pstterm of
. compla!ntzwmhdepemimtcfjobmmmdlmdﬂ:ytnwudoﬁﬁcemtomﬁak

Danaher, J. W., Human Emor in ATC System Operations, Human Pactars, val 22, Na. 5, Oct
1980, po. 535-546.

Several ATC-melated aircraft accidants are saummarized to illustrate tha controllar's
changing mils and the manner in which the contraller interscts with pilots, cther
controllars, and the work environment, Thesa cases also cits exemplary perfarmance, as
well as mistakes, by pilots and controllers, and the circumctances which fostered
them, to {llustrate the strengths and weaknssees of the human elament in the recent
gystem, Implications for future ATC system design are discussed,

DeGreens, K. B, Ed., Systems Psychology, McGraw-gill, Inc,, New Yok NY, 1970.

Excellent collection of inteqrated papers, Authars inclide Chapanis, Sackman,
mrmmmmmmgmm
tecmnq\m;xddmm&aﬁemmmm&amhmdm:mfmaam&mmmm
estimation of warklozd in complax systems; behavioral decision thecory; tuman operatar
in control systems; man-computer interrelaticnships; maintainahility; staffings

training; psychophysiclogical streas; modvation and job perfarmance factoms; and
applicationa,

DeMaio, J., S. R. Parkinson & J. V. Crosby, A Reaction Time Amlysis of Dstrument Scanning,
Human Factors, Vol 20, No. 4, 1978, pp 467471

A meaction time task, instrument scanning, was used to compare performance of student
and instructor pilots, The results indicate that expedenced pilcts rely on

peripheral vision to a greater extent than inexperienced ones, suggesting the parallel
roceming of information due to experence.
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Yef. Doc. Ce, Usa of Computers in Human Factors Ergineering, Defence Documentation -Center,
IS¢ AD/A-001400, Nowv 1974. ' . _

Tha contents of this annctated hibliography cover documents pertinent to the
application of techriques for computer handling of human facters data, Tha 178 iters
were drawn from the Defense Documentation Center's data bank covering the time period

of Januery 1953 throvgh August 1974,

sf. Dco. Ca, Man-Machine Interactions, Defense Decumentation Center, NTIS§ AD-752800, Nov
1978. . .

This annotated biblography consists of 192 references pertaining to man-machina
interacton, Ths itens wera drawn from the Defense Documentztion Center's data benk
coverng the time perod of Januery 1953 through August 1972, The literature concems
uman factors involved in solving end leamming man-machine interactions, &s vell 2s
the effectiva waa of men in system design.

Jemb, A., Compiter Systems for Human Systems, Pergamcn Press, Oxford, 1979.

This toxt is a case study of the conversion of decentralized computation to
. centralized services in a 10-campus state college gystem.

dept.cf Def., Human Enginecring Requirements for Military Systems, Military Specification,
Department of Defense, Veshingten, D.C., MIL-H-16855B, Jan 1979,

This document estahlishes and defines ths requirements for applyiny human engineering
to ths develipment and acquisition of military systems, equipment axd facilitiea, It
forms the besis for including buman enginoering in all phaszs of deeign and is appr
oved for uee by all Departments and Agencies of the Department of Defense, Topics
facilities design, tesring, and documentation and reporting,

Dept.of Def., Human Engineering Design Criteda for Military Sytems, Equipment and Facilitd,
Department of Defense, Weashington, D.C., MIL-6TD-1472C, May 1981.

This is the most recent military design quideline document that provides criterda for
the design of any military facility. It represents state-of-the-art human factors fior
the Department of Defense, Aress addrecsed include: function allocation, fail safe
design, vimual display requirements, control and ground waorkspace requirements,
maintenance and personnel-computer interface guidelines,

Dﬁ*.cf Def., Data Item Description, Human Engineering Design Approach Document-Maintainer, -
U.S. Government Printing Office, W zshington, D.C., OI-H-7057, Jun 1979,

A short document that rrovides design quidsline considerations for the maintainer of a

. Pcr further infarmation the reader i3 directed to MIL~H-46855B and
MIL-STD-1472C.
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Dept.of Def,, Data Item Descrintion, Human Engineering Design Approach Document-Qperatcr,
U.S. Govemment Printing Office, Washington, D.C., [I-H-7056, Jun 1979, ;

A shazt document that provides some guideline considerations for evaluation of
man-machine interfaces. It contains many items that are addresned in MIT~H-45855B and
MIL-STD-1472C, and the reader is directed to thre documents for an in depth treatment
of the subjct matter,

.Diffdent, N, A. R. Tillay & J. C. Baxdayl, Humanccale 1/2/3, 4/5/5, 7/8/9, The MIT Press,
Cambridge MA, 1981

A sot of heavy plastic cacds with data dials and accompanying explanatory hrochures,

Bach Humanacale card i8 concermned with a different facet of human factoms data, They

include: body measurements; link meamurements; eesting guide; sest/tabls guide;

wheelchair wers; handiczpoed and elderly; safetyy human stxength: hand & foot

controls; displays; head & vicion; hands & feety standing at work; scated at work;

waaplmm;whﬂcspmbodym;axﬂhghtarﬁcoma marvelows, cooapact
erence,

Drury, C. G. & M. R. Clement, Tha Effect of Ama, Dengty, & Humbar of Beckground
Characters on Vizual Seer, Human Pactom, Val 20, Na 5, 1878, pp. 557-502,

Amcfseamhﬁeld,dms:tycfbackgmnﬂdmmctam,mdmmberdb&d@wnd
characters were contrulled in a search task experiment to determinae which required the
ongest search time, The results showed that search tize was most Gependent an mumber

of background charactera,

Durding, B M., C. A. Becksr & J. D. Gould, Dzta Omanization, Human Factoms, Val 19, No, 1,
1977, m 1.140

A serles of three experiments examining human data crganizadon, The reuls indicate
mmmwmmmmawmm@memm
samantic structure, and had difficul-ies with mpmmmcumlmpdca

o8 for computer-besed information retrieval systems are givesn.

Durrett, J. & J. Trezona, How To Use Color Effectively, BYTE, Apr 1982, pp. 50-1

Ahﬂefmtdfecdvemviewcfme\sescfcdotmcnrd‘sphy& The visusl procesa
for calor is reviewed, scme quidelines fixr the use of calor zre given, the make-un of
walor is examined, and some information processing considerations are suggested.,

Elrenreich, S. L, Query Lanjuage: Deeign Recommendations Dezived from the Human Pactars
Litera, Human Pactars, Val 23, Na. 6, 1981, pp. 709-725.

The human factors literature dealing with query languages is mviewed thoroughly.
Both natural and formal query languages are discussed, and VDT software design
guidelines are suggested, This i3 a very informative and conplete paper.
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Binhcm, H. J. & R. M. Hogarth, Behavioral Decicicn Theory: Processes of Judgament and
Chclce, Anmusal Review of Pgychalogy, Vol 32, 1981, pp. 53-68. '

An extengive rmeview of behaviorul decicion thecey. Optimal decision models, :
strategies and mechanisms of judgement and chdice, znd learning/feedback are diacussed
from a thearetical viswpaint, Methodalogical concemns were also addrewsed.

Embrey, D., "Buman Reliahility in Industrial Systems: An Overviaw®, Proceadings -
Congress of Inter, Emononics Assoc.,, Jul 1976, pp. 12-16.

The fisld of human reliability is reviewed, Tha nature of system reliability
amessment i3 described, and the impeortence of considering human mliability is
emphasized, Bumnm,mmduﬂ;umﬁorhzquanmdvemmmtmmo
discussed,

Engel, S, & am&cmcwmnumynm&mmnpmm
I.abutatory Paughkezpsis, Y, TR 00.2720, Dsc 1975.

Tlﬁsha:dmﬁnddazsicind:em:mnﬁ:cmﬁeldcmMmaweam&quﬁenne

information portaining to man/machina interfaces, It addresves tha fllowing icsunes
display formats, frame content, command lanquege, mcovery proocdxes, weer entry

techniquaa, poinciples, and pecponoe time, The repart is highly recommended to those
interested in tha spplicziton of human factom,

Enstron, K. D. & ¥. B. Rare, Real time detormination of how a human has allocited his
atontion betweon oo, IEEE Tmns Syct Men Cybsm, Val SMC-7, Moo 3, Mar 1977, pp. 153-161.

This experiment provides an interesting eoplication o€ a computar algeorithm for task
allocation, The algodthm wad fading-memory system identification and linear
discrminant analyss for real-ime detection of human shifts in attention in-a contol
and monitoring situstion, A validation of the model is inchided, sxggesting it may be
aituation specific.

Brckson, J. R. & M. R, Jones, Trﬂnkmg Amma.l Review of Paychology, Val 29, 1978,
e 61-90.

An extensive theoretical overview of prohlem aalving, concegt jeamning, and reasoning
from a psychalogical perspective, An excellent hibliography is included,

Bstes, W. K., Is Human Memory Olsclete?, American Scientist, Val, 68, Jan 1960, pp. 62-9.

A comparson is made between human memory and cooputer memcary in this interecting
article, Human retriaval times, aganization of short term memary, and the rature of
forgetting are examined. The author conclides that there is little likelihood of
computer memory replacing human memary, o vice-wversa, as both appear to have seperata
functions they are best suited to, The article is written from a psychalogical

perspuctive.
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Farrell, R. J. & J. M. Booth, Design Handbcok for Imngery Interprotation Equipment, Boeing
Aercepace Ca,, Seattls, WA, D180-19062-1, Dec 197S.

This document is a weighty calloction cf dasign guidalines, with a heavy emphasis e
visuzl considerations, Toples includs; optical imacery displays, clactro-optical

imagery displays, special imsgery displays,. workstation dsesign, and facilities Gesign,
Ahelpfulsecumcompnaedcfdxeckhstxpexmmagtospaaﬁcdmphjsndso '

Fine, B J. & J. L. Kobrick, Effects of Altilide & Heat cn Complex Cognitive Taeks, Buman
Factors, Vol 20, No. 1, 1978, pp 115-122,

Tha affacts of altitnde and hoat on complax cognitive tzsks were testad wming an
artillery fire directicn center operation, The resuls indicated that all tzsks were
affected by altHtuda and heat with individuzl differences. Enxs of oniszion
exceedad thaoe of commission, Tl‘nwthaxmqgectummhmqmmrmalyung
stres-genaitive factoms in complex cognitive perfocmance, ’

Finkelman, J. M. & C. Kirichner, An Iifarmation Processing Interpretation o Ak Trmffic
Contral Stress, Human Factom, Val, 22, Na. 5, Oct 1980, pp. 561-568.

Obscrves avidence of etresn in ATC'a Suggests that a source may ba the high
Information-procecsing demand which the job impooes, Proposes a methicd to aczess
individual differences in channel capscity by means of a subcidiary tzek messurament
technique. This procedire can be usad to assess reserve capacity which may permit
prediction of performancs dscrements on etress-inlated dsorders among individuala,

Pinlayson, P. C.,, 7. A. Husman & K. R. Smith, Human Emgineering of Nuclear Power Plant
Contral Rooms & Its Effects on Opera, The Aervspace Cap., El Sequndo, CA, ATR-77(2315)-1,
Peb 1977.

Presents the resuls of an evaluation o€ the effects of lmman engineerding an cperator
performance n the contral room. Covers contral rvom design features, perameters
influencing operatar parformance, control moom design criteria and trends in
developnent of advanced contral centers, operator motion requirements in a ccntrol
roon, evaluation of the human engineering features of rmclear and mn-raiclear control
cantars, and conclisions reganding operator characterstics, job performance, and
contral design,

Pirley, D. L., F. A. Muckler & C. A. Gainer, An Analysis and Evaluation Methodalogy for
Command and Contral, Office of Naval Reeearch, Manned Systems Sciences, Inc.,, Noxthridge CA,
NTIS$ ADA-23871, Nov 1975,

Discumses problems in zssessing the status, potentials, and wesakneeses of operational
manned systems and of dealing analytically with that varance in system behavior
attributable to its human members, Offers a methodalogical framework for dealing with
C&C 28 an integral part of systems Concepts of the methadalogy include: C&C
definitions and taxonomies, a Systems Taxonomy Mcadel, Systems descriptors, the use of
operator models, and analytic decision making,
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Fisk, A. D. & W. Schneider, Control & Automatic Proceszing During Tasks Requiring Ststained
Attention: A, Human Factos, Vdl 23, Nao, 6, 1981, po. 737=750.

Vigilance tazks, and the resulting d:crements in performance were examined within the
franewark of the automatic/contralled information precessing moZel. The results
inclnde system design implicationa

Pdlay, J. D. & A. Van Dzm, Fundamentals of Interactive Graphics, Addiscn-Weslay Publiching
Company, Reading, MA, 1932,

Precents graphics concepts and recent advancss in grzphics hardware and software. A
wmwmmmmpmmbmmpmbmqﬂnCmsm&
standand graphics subeoutines propeced by ACM's SIGGRAPLE. Emphedizes human factors.
Imlmmmentcfmbrﬁmyandmcﬁceasapﬂiadmcomwmgmpm
incliding description of colar models, Covers besics of grophicss 2D & 3D viewing,
clipping, ssgmentaticn, interaction, device drvem, transformation, projection, etc,

Faey, J. D., V. L. Wallace & P, Chan, The Human Pactors of Graphic Interaction Tasks &
Techniques, George Weashington U, Dept. of EE & CS, Washington, DC, GWU-IST-81-3, Jan 1581,

A comprehensive paviow of cument intersction techniques from a human factoms

' perspective. Tha ergonomic izaues are prmagsnted and grephics intaraction tzeks and
mdudqmmdeﬁneismmtemcdmwcmm&remdmmmmy
of interaction tosks in terms of cognitive, perceptual, end noter load, visual
and motor aoquiziton, learning, fatigue, znd exror, Prmovides a good meviaw of the
Nmited literature avzilahle,

Fdlay, J. D., Toals for tha Designers of Ucer Interfaces, Geomje Washington U,, Inst, for
nfo. Systems & Technalogy, Washington, DC, GWU-IST-81-07, Mar 1931,

Thbisa:mlimlnuympmtmﬂ:edevelcpmentdﬁn?deymﬂnﬂabgyﬁcrme
design of a human-computer interface, The methodalogy attempts to impose a structure
on the complex tzsk of designing user-computer interfzaces so that the design can be
divﬁcdintomamgeahh;ﬁeces,eadxwtﬁchmbedeal:withhaMaﬁc,
Hgorous, and quantitative way. Tha four sters in the process are called the
conceptual, semantic, syntactic, and lexical design steps,

Powler, P. D, Alr Tmaffic Cotral Problems: A Pilot's Visw, Human Pactas, Val 22, No, 6,
1980, pp. 645-653. .

Anecdotal evidence is used to identify existing and potential human error acurces.
sm-hmnummamedwmmm@admmnmm
inadequrte comnunication capabilitios, and PAA policles are discumed.

Prench, W, L. & C. H. Bell, Omganization Development(2nd editicn), Prentice-Hall, Inc.,, New
Yok, NY, 1978,

This textbook outlines cganization development, its thecry and practice, and some key

congiderations and ismues It is valuable for thoee interested in mansgement practice
and philoscphy.
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GAO, Effectivenems of U.S. Fares Can Be Increased Through Improved System Design, General
Accounting Offce, Wazhington, D.C., PSAD-81-17, Jan 1981,

In this repczt to the Congress of the United States the General Accounting Office
states that Department of Defence military gystems would benefit from greater
congideration - of logistic support, uman factows, and quality assarance, during the
design phase of acquisition procemes, It is suggested that overall gystem
effectivencas to defend the country can be increased by implementing these
mne::admn

Geaertner, K, P. & K. P, Bdzhausen, Contxalling Afr Traffic with a Touch Senaitive Screen,
Applied Exyonomics, vdl. 11, Ma. 1, 1980, pp. 17-22.

Malem air traffic contiol zystems are incressingly using computar generated radar
diqxhyatoptmenttavgem, tz:getinﬁc:mat:‘mamiothe:genamlinfmumm

Gezver, D, & H, W, Sinaikg, EQ,, Language Interpretation and Communication, Plenum Press,
New Yak NY, 1978,

Pzpers from the NATO Sympealum on Language Interpxetation and Cnmmunication, Sept.2§ -
Oct, 1, 1977, The Sympcsium explored both crplied and theomstical aspects of

conference interpretadon and of sign lzanguage interpretation, These pz2pers,

particularly on the nature of simultanecus conference interpretation end cign

langurge interpretaticn, are rzlevant to the dezign of man-machine intorface,
conceptualizing the computer-eystem and man-computer communicationg problens z8
lanquage interpretation problems,

Gimmy, K. L. & B Nomm, "Automatic Dizgncsis of Muliplex Alarms for Reactor Conbal Rcoms®,

ANS Amual Mecting, Lo3 Angeles CA, Jun 1982,

Describes a system under development at the Savannah River nuclear reactcr to help
reactar operators to respond to multiple alarms in a develeping incident situation,
The system analyzes the patterns of alarms to determine if a known pattem is
developing, advises the operator, and provides procedural quidance,

Gould, J. D,, Visual Pactars in the Design of Computer Cantrolled CRT Displays, Human
Pactors, Vol 10, Ra. 4, 1968, pp. 359-376.

A somewhat dated report that provides comprehensive coverzge of the impoartant visual
varahles that determine image quality on computer-controlled CRT displayas, Por each
variable, the recommended ranges of valies based on experimental work are reported,
and compared with the values presently used on displays,
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Grandjean, B & E Vigliani, EQ, Emyonomic Aspects of Visual Display Terminalss
Pmceadings of the Internatio, Taylor & Francis, Iitd,, London, 1930,

mextmmnmmmmmchmwmdmmofVDTs.

vimual functor v, visual impairments, VDT perﬁ:mance, feohleng,
pEychological aspects of VDTS, practcal axperiences and caso shudies, and ergcaomic
design cquidelinen,

Grandpan, L, Fitting the Task to the Man: An Emocnomic Approach, Taylor & Francis, Ltd,,
London, 1980,

This text is designad to present the nudiments of human factom engincering o, from
the Europoan perpoctive, ergonomics in a sirple 2nd clear form to engineers,
tachnical cpecialists, end managem, Topics inclide discustions of hunan factoes
considorations forr muncular woziz, porveus control of nmovements, improving
efficiency, preclems of body size, design of workplaces, heavy work, skilled work,
fatigue, baredom, shift work, as well a3 evironmental factom and design iswes,

Grgnett, M. C., D. C. Millar & R S Nickerson, Infarmation Processing Models & Computer
Aids for Human Pexformance, Semiznmual Technical Report No. 1, Sectien 2, Task 2: Human-Co,
Balt BeraneX & Newman, Inc,, Cambeidge, MA, BBN 2190, Jun 1971,

Reports an a messuring system implemented to cbtain statistical parameters neceasary

to specify a quencing theory model of the dynamic behavior of a time-shering computer

mmpmmmmsmmesmmofmﬁarmesym Ceoncerned with
gestion durzticn, racomce loads, znd the use of different computational facilities,

lke Editcen,

HFS, CRT Viaving II, Human Pactom, Val, 23, Na, 5, Oct 1981,

This is the second of a two issue series in the Buman FPacters Joumnal devobed to
ergonomic aspects of video display terminals, Among cther excellent articles, there
B an extensive hibliography of articles on the effects of VDT3 (1972 - 1960)

HPS, "Procecdings of the Human Pactors Sooiety 23ml Anmual Meeting®, Boston, MA, Human
Pactors Scociety, Santa Monica, CA, Oct 1979,

Papers presented at this conference were on topics which inclided: application of
computer technalogy to interactive systems, computer aided modeling for interface
design and evaluation, techniques for analyzing computer system interfaces, conzimer
products dacign, evironmental design, industrial ergonomics, woik place design,
safety, training, visual perfarmance, and graphics.

HPS, CRT Viewing I, Human Pactams, Val 23, Na 4, Aug 1981,
Two ismues of the Human Pactors Journal were devoted to emgonomic consideration of
video display terminaia, Three of the papers in this issua contain summades of the

NIOSH report examining a mimber of problems with VDTS, Borh this issue and the next
(Octcber 1981) contain excellent material on the ergonomics of VDTS
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APsS, "Proceedings of the Human Fecotems Scoisty 19th Anmuel Mesting®, Dallas,TX, Humaa
Factors Scclsty, Santa Monica, CA, Oct 197S.

Pepemm puezented ot this confoence were m topies vhich inclnded:  treindng, safery,
datainputdng laeming, system design end temting, dérser behavicr, cids end
training for decision making, uman factom in an inductxial setting, visual
information disglay, end visual search and target aoquizition,

HFS, Ar Tmffic Contxol I, Humen Factors, Vol 22, ¥a 5, Oct 1680,

A specizl issea of the Humen Feaotos Jormal dsvobzd o the human factoms problems of
ar traffic control from thy pe=pactive of controllers end of plote, Individual
axticles are cited in this bibllogrohy. .

HFS, "Pmocoedings of ths Euman Pactors Soclety 25th Anmusl Meeting®, Pochester, NY, Human
Fackoms Scciety, Senta Monica, CA, Cct 1981

Papmmmdatmmmwmmmmﬂchm& nuclear power
gant operzticns, vinusl porfiormence, ag omﬁmezgmomm,mm]mpow
plant eafety, inductrial design, Mmmmmmm
displays, control room decign and evalunidon, safety, infermation proceswing and
decigdon malking, md@gn,comwmmmm

BPS, "Procazdings of th® Buman Pastors Socizty 18th Armusl Mesting®, Euntsville, Quman
Pactoes Scoisty, Santa chica' CA, Oct 1974,

Papers pimeantzd at this conforencs were on toxées which includs: pabic
trancpartztion, health cam delivery, man-computer intertoes, aviztion ressarch,
mfety, coantral/Ciplay decion, ddvsr bohavier, tovyet coquislidon, dafense cyctems,
aerospeca mmhand@n,m@mmaﬂvaﬁmmﬂ#baﬂmemen&md
envircnmental poychology.

Heaxt, S. G. & T. B 'emps, Cockpit Diczlay ¢ Trffie Information: Afiine Pilots' Ondmions
abcut Coaten, NASA, Ams3 Research Center, Moffst Piald, CA, TM 78501, hug 1979,

Tha repot sumnarizes rooearch conducted at HASA-ARES ca d@icplzy formats oo
corputer-genarated cocknit &splayd of traffle information, The caxdy defined the
information that the potential user-population falt shculd ko inccrporated along with
preferred gymixidogy and format.

Hart, €. G. & L. L. Loomis, Evalustion of the Potential Famat & Content of a Cockpit
Display of Traffic, Human Factors, Vol 22, Ho. 5, 1930, pp. 591-604.

An interecting lock at the usa of computer-generated displays for sirplane cockpit
tation on the prefexed features wags conducted, The authors meke a strong
pint for this evaluation methad.
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Baskin, F. E, J. L. Darby & W. D. Mwzfin, Amlyzis of Rypothetical Severe Cama Damage
Accidents for the Zion Pressurize, Sandia Nationel Leboratory, Albuquanmas, MM,
NUREG/CR-1939, Oct 1982,

This report Geccribes znalyses of ths recponso of a Pressurized tater Reactor at the
Zion Plant to hypothaticsl core meltdown ssguencea, The analysns congider the

progresyon of core melpdown, centzinment responss, and concequances to the pablic,
Strategies for accident management and mitigation of consequances are suogestad,

Hayes, R., J. Brownall & J. Hayes, Buman Factors Probhlams of the Command Contral &
Comnunicatic.s Piocess in the, DARPA, CACE, Inc., Anlingten, VA, NTIS ADA027420, Jul 1976.

*A sot cf HP actvities in the C3 pmocess is enumesated and the d=termining frces
controling thess HF zre elaborzted, A list of vardables consttuzting the aot of
mlavant dimensions of futire (1990) environeents for €3 contes 5 daveloped, and, by
analyring the liisrature and exploring expsrt cpinion, valies for thess varizblxd are
apecifisd which in aggregate conskitute meaningful altemativa futirea” Gacically a
axperficisl ot of unexplained lista, Fubwres tend tor either it will o it wen't ba,

Heglin, B. J., NAVSHIPS Oicplay Mumination Design Guide, Section I: Human Pectors, Naval
‘Electronics Leboratory Center, San Disgo, CA, NTIS® AD 770478, Jul 1973.

Providss HF quldelines for uwss in design of chipboard vizusl dlsplays, supportad by
moaarch data, tzbles, grepls, ond charts foo gonaral refierence and followed by :
application spocification meterials that offor ziondands znd toltrance limits, Covers
human vislon cepahbilities and linitztions; illumination, layoat, snd visual displays;
CRT dispiays; TV dloplays for cingle viewers and fiox group viewing; cading; projection
devicen; display legihility; specifications for dizplaya, layouts, end llumiraticn,

Helander, M. G. & J. M. Schwrick, A Bibliography of tha Litarztiro Relating to the Human
Pactors Agpects of VDT, Canyon Ressarch Gmoup, Irc,, Westlakavillsga CA, CRG-TR-02-003, Jul
1982,

This bikHogrsphy contzins 493 human fzctors raferences on visual display terminala,
The entrdes are classified into tha following categcories: character and display
Gerigny general review documents; health effects; lighting and reflectance; PTT.
meearch; standards for VDT dGasign; visual discomforty work aganization and b
stisfaction;, and workstaticn design, postural discomfert, and hiomechanics,

Hepler, S, P., Continuous Versus Intermittent Display of Infcrmation, Human Pactn:z, val 18,
Na. 2, 1976, pp. 183-188,

Tihe artcle axgests that both continucus dicplay and intermittent display of

information are opidmal for retention, dependent upon task situation, Tlhree stages of

WﬁMymmNWm‘mm@:mmﬁm consalidation,
retention,

283

o aad



GE 1Y
ORIGINAL PA!
OF POOR QUALITY

Biltz, S. R. & M. Twoff, The Network Naton, Buman Communication Via Computer,
Addison-Wealey Publishing Ca, Rexagding, MA, 1978,

Anmuﬁmﬂmbﬁntndxnahglmmdmﬂalmplicaﬁmcfcomww
conferencing ayctema, TMMMymd&mlopmmtofcmfemx:ing amtems and
bdunb@mkmdmwthm&l&ﬂmwmmmmd
mf&mdm,meegeﬁdmﬂ@ﬁﬁmﬁmmhﬂcm&dmd&'ﬁgn
¢mnlmmmmmmmmammmmam
andﬁamdpamihhsodnmlm:pam

Hdlt, Ra W., Contrulled & Automatic Processing in Person Pexception, Garoge Masm University,
Mar 1982,

Hopkin, V. D, Tha Messurement of the Air Traffic Coatroller, Human Pactoms, Vol 22, Na, 5,
Oct 1980, pp. 547-550.

Revhwaaxxloiﬁcanymmmcfmwrc. Amues that there are many
m(nruemmv;than'rc m:ltmtno.mmyetbatzmmdasemm

. Howell, W. C. &ILGM&E@WPWCM?W&
Research, Meredith Caporation, New Yok, NY, 1971,

Howell, #. C. & B A. Plrichman, Ed., Human Pecformance and Productivity, Vol. 2Infarmation
Pmcesiing and D-~=izion, Lawrenca Eezlbzum As3ociates, Inc,, Hillsdals MJ, 1982,

Anatcanmtmnecﬁmcfﬂme)y.humnfacmtcg‘mampc&enmdmmsbock&om

a human information processing viewpaint, An effort wes made to provide integrated
dm;m&mda;lmﬂapplhdmmhmaddrmd.
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fluchingaen, R, D, R. D, ttiMams & T. G. Reld, Pamatting, Memage Loed,

Sequencing
Method, & Pmsentation Rate for Coaputer, Human Factom, Val 23, No, 5, Oct 1981,
e 551-560.

Almo a portion of the MIOSE shady, this work exsnined four typma of formatting
(vartical, compact, chunk ectonded, and nesiaga extendad), threa lovels of ressage
bead, four mathods of czquancing, end three presantation mtes, The firet soxdy
ooked at all corbinations snd one combination was selactad fronm this for Qurther
gody, The follow~cn expariment examined the compact chunk pxozantatien for three
Deatage lsvals end for thiee exposure rates, Optimal dynamic prezentation nuss are

Huchingson, R. D, New Hodions for Human Factors in Dexign, McGmaw-iill Book Conpany, New

Yok, NY, 1961,

This recsnt taxt nclixiza topics such o8, the human &3 a systams PESICS, AGTTOSPACS
gystenma, inductrial systems and environmont, surface transportation gystems, and
communicztions and data proceszing gystems,

IEM Systoms, Humzn Pactoss, IBM Systems Journel, Vol 20, No. 2, 198L

This is 2 secisl isne dovoted o a smngling of human factome work at IBM. Articles
inclider Proosdures of tha Human Pactors Center &t Sen Jeom Eifiocts of Mamual Style

on Pexformsnce In Education and Machine Maintenance; Natural Lanquege Programning:
Styhs, Strategies, & Coatrrsts; Human Factoms in the Dovelopmont of a Family of Plant
Data Communication Terminals; and Humen Pectors in Communicaticn,

Imes], J. B, C. D. Hickens & G. L. Chstnoy, The Event-Raelated Brmin Potential as an Index
of Display-Mcnitoring -Wosklond, Buman Pectors, Val 22, No. 2, 1960, pp 211~24,

An altomative meamma of worhlosd is precentsd; the event-mlated bxnin potantial,
and compared with a meaction time secondary tzek mesmure, Tho event-milated bxein

mezzuras wers found to systematically refloct differences in tesk warkload
and to covary closely with the reaction time massurs,

Jenkins, J. P., Mciels of Cognitive Behavior in Man-Machine Systams, Nuclsar Regulatexy
Commisxion, Mar 1982,

This document concists of an annotated autline for the auther's doctoral diceartation,
It reviews four madsls of cognitive bxehavion the Rasmuisen edsptation of the
stimule-cperations recoonse madal, the Slegel-Wdf coonitive simulation model, the
Sherddan supsrvisexry control madael, and artificial intelligence as a gensric model.
The reaulking Gdissertation is eagerly awaitad,
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Kantowitz, B. H., Intorfacing Human Informetion Processing and Ergineering Psychnlngy, in
W.C. Bowell & R A, FPlrishman (Eds,) Eunman Pexrfarmance and P, Lawrencs Erlb=um nmodatm.
Inc,, Hilxials, NJ, 1982,

mmhmmmﬂmgammwmmmmam
processing, Tkmmdmmmmlimzm&mtc‘sdncﬁanbatmh:ﬁcmﬂaw

Kellay, C. R., Manual and Autocastic Contml, Jobn Wilsy & Sons, Inc., New York, NY, 1968,

An crerview and encellant introducton to the conceptiual tzoses in manual snd
axtomatic control. This i3 a clzzalo text that has lost littls with ega,

Kerwin, ¥, T.,, G. S. Blanchaxd & B, M, Atzinger, Ay Mzterdal Systoms Amalyxis Actvity,
Man-Machine Inte=face ~-A Gmowing Cd, U.S, Amy, Wechington, D.C., Discuciion Pepar 82, Aug
1980.

Ths oozt cictes thet the US Amy hss mzn-machine interface poobloms; there e not
encogh qualified pacnis to porform the tasis required by incrogning wecpon complexity,
tha ]Jamye rumber of new gyshems boing doveloped, mocruiting and méention problems,
and a dscilning nergpower poal. Tho repoet calls fox an intogrotad &3 oppesed to
figmonted cifort towerds golving the poodlem, and nakos some mcecakcndations,

Rdsm, P. A., R L. Dchedicky & D, C. Pergpuoon, Bye Movenent Mearmedent of Readability of
CRT Dimpisys, Eumzn Pectom, Val 23, Na, 5, Oct 1901, po. S17-523.

This articls is me of ssveral in ths mams i=sues of Human Pactors which simmarizes
the resuisn £ the IZOSH study on cifact of vitual éioplay torminals, This portion
shadiad ths roadakdlity of CRTs and found character donsities of 35 to 70 choracters
psr lino foworsd the cunller-tlze characters with erpect to meding efficiency;
conpariam of exzolling mtes siggorted the static pege wes more efficdisnt than
cntimars z=alling at tho eibject's perfioned g faater retes wors Rare

Kmeifeldt, J. G., Cockpit Diplayed Troffic Information & Distributsd Mraagement in Alr
Tmffic, Ruman Factom, Val, 22, No. 6, 1960, po. 671-631.

This articla i3 bazed on caveral yeam' crperimental study of placing ground control
infarmation in the cockpit, Informatien euch &3 suyrounding aircmaft, and navigation
mutas can ioprove safoty and efficiency of the sl trefSe contiml gystom. Through
this systen, plots have meze information an board and mduca rasponzs delsys,

Kulp, R. A., T. J. Rabhin & R. A, Sperling, "Human FPactors Conaldarations in the Design
&n On-Line, Real-Time Computar®, Prmxeedings - 17th Annual Mesting of the Human Pactos
Society, Senta Manica, CA, 1973, po. 42S.

Human factors considerations are listed that should be covered when designing an
cn-line computer gystem,
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Ledgend, H., A. Singer & J. Whitesids, Directions in Eumesn Foctoms for Intaractive Systems,
Springer-Verlag, New Yaork NY, 1981,

mmmCmmsdumma.Tmmammnmummmm
mrwsmmmmmanmmmma@uﬂmmm

mmmm&maum°mmm&mmmﬁm
hgi.vm.hnmﬂmtguﬁemmymedaﬁgmmexmdmmmmmmm
Mdﬁumpm&mkﬂy&hﬁancﬁvamm

LecbeeX, H. J., Bryoranics for Coamand and Contral Rooms, Imstitnit voor Zintuigfysiclogie,
Scesterbary, NL, NIT;¢ M75-14458, 1974,

Ih Dutch with a short English mimmary, Dutch title: Taechadache Menckunda voor

Comnando~ en CmmmnmmnbdsfmﬂnwdtMaxﬁm'aapenmmmtmlmm

dacign, memmmmmmqmm@&mymm
Bopmﬁuhandymlm—cf—thumbandamﬂauanha&-@aym

mmmmmansrmmmcfaud}:wmmtwmmviamwdﬁadbphy.

He treats natural illumination end the mclative cocsidiness of alternativa,

Loftus, G. R &&?.mm,aumammn'tmymmdmmaﬂauummbmm
Amoociates, Inc,, Billadale, 1J, 1976,

Lofts, G, R. & B P, Lcfam, Short-Tesm Memcry Pactoss in Ground Centxollar/Pilot
Commuiczton, Guman Factas, 1976

Reeeons for chart-tarm maymhpﬂdmnuﬁmﬁmuﬁxgmnﬂm
wers investigated using & gimulated chost-term memozy tack, The remils irdicated
ﬁmtmmtdhfmﬁmb&mmmﬁatmﬂmmﬂmmﬂminmm veza
the major caterninants of error,

Mallory, K., S. Pleger & J. Jchneon, Human Engineering Guide to Contral Room BEvaluation,
NRC, Ersox Corpozation, Washington, DC, HUREG/CR-1580, Jul 1980.

Dm&amthﬁidmaCmmlnmmnvalnaﬂmpmmnumnﬁmng
Guﬂslhea!mhﬂuanmmtdm&nlmmhmmmctmm
rovided, the acxangement & Bantification of controls and inxumentaticn dizplays,
mrmgxﬁdm;mmm&mmmsedmmmmm&an
&9mnbarcmﬂn1momVeqweﬂdamaximmmbNexwwivmﬁwmpathtwo
uﬂamxmchmﬂﬁdncuﬁeunmmammedbysprdﬁc,mmwm

287

s st



oRIGINAL PAGE 13
OF POOR GUALITY

Mandsl, A, C., Th® Saxted Man (Homo Sedens), Tha Seated Work Pczition, Thecey and Pmctice,
Applied Bmyonomics, Vol 12, He. 1, Mar 1981, pp. 19-26.

Demonaizates that contemporary dasign of sasting i3 perversa in its intistence that
the body holu unnatinal dbght-engled limb artewiations, Shows the emononde
charactaristice of nxtural s=ating and provides dosign raconmendations for impecved
ssat and vwor: surfzce conbinations,

Marcus, A., Dedigning the Pace of an Interface, IEEE J. of Computnr Grzplics and Arts, Jan
1982, . 23-9,

Discumses quidelines for graphl: design for human/machine interfaces Reviaws
mference grd, typographic porameters (atter epecing & jctification, epzce &
gtructure, lztior forms & capitzlization, tahlss § lsts), Applies this dlscumion to
SEEOS & changes s grephic dasign formet somewhat, The inital irplementztion
of theoe chianges hos baen favorzhly recsived by vsem, In this cace, moma deteilad
evaluztion remaing to be done.

Martin, J., Design of Man-Cemputer Dialoques, Prentice-f{ell, Inc, Englowood CLEENT, 1972,

THs bock is besad on a cors2 civen st IBM Systems Rezearch Ictibdoe on mon-conpater
dlalegues, It is zn esty to reed towt covering the following topicr: alphsmumerdc

Matuls, R. A.. BEffccts of Vicual Diplay Uniin cn the Eyes: A Bibliogrephy (1572-1960),
Human Factoms, Val 23, No. 5, Oct 1981, pp, 581-586.

This hibliogqraphy containg 174 entxies sbtained from cnline saarches of various Gata
beges, incliding Medica, INSPEC, Medline, NTIS, PIRA, Psychalogical
Abstracts, SCISEARCH, and SOCIAL SCISBARCH.

McCornick, B J., Buman Pactors in Bngineering & Design(4th Editim), McGraw-dill Inc, New
Yok, NY, 1976. .

An excallent systems-criented textbook with good coverzge of the varous aspects of
hum=n factors, and a good source of bogic lmmen factoes data, He covers infamation
input and mediation proceszng, human output end control processes, workspace and its
arrangement, environmental concerns, and methodolsgies for zpplications of human
ﬁct:zscht:?.Spedﬂcu;ﬁmmdnie vizual, anditory, and tactile displays; speech
communications; applied anthropometry; flumination; ncise,

McCamick, B J. & M. S. Sanders, Human Factars in Enginecering and Design(Fifth edition),
McG:aw-iill Book Company, New Yczk, NY, 1982,

This, the fifth edition of a classic testt on humen factors, cocrers the fallowing
topics: the data base of human factors,information input, human catput and contral,
workspace and arrangement, environment, and selected topics in human factors, This is
a valuable cverview and reference book.
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Mggft, D;. Human Pactces: Thooty and Practice, John Wiley & Soms, Inc,, New Yok, NY,

A clasaic text dealing with the underlying concepts of human factors and with tha
malities of the human factors job, Intended 28 a practical guide to tha daily
paf@mmémwﬁcthQCmmmmmmcepbrmmm
methods of analysesy ressarch; human factors in predesign and in detail design
activities; relations between the enginser and human factors epecialist; procurement

. of pegeexch; end the arganizaticn of human fectors woek teams within an organization,

Milsx, S, D, Man/Machine Interface Study for Command Applications, Bendix Pield
Engineerng Caxpy WASA/GSFC, Gioenbelr, MD, RASS5-25025, Jun 1980.

This document identifies and evaluates verioas methods for handling spacacraft
commanding in GSPC Caatral Centams, It dlecumses the cperaticnal advantages and
diradvantzges of the following cystemse KCRT, Spoecial Purpcs? Coolss, Genoxal
Purposa Concalos, and Smart terminzls o micropsocesacms, It i3 an informativa
overview of Goddand's pest and present systems,

Mitchell, C. M., I. J. Stewart & A. K, Bocast, Human Factom Aspects of Control Room
Dergn:Guidelines znd Annotzted Bibllog, NASA/GSPC, Georye Mason University, Groenbalt, MD,
TM 84942, Dec 1982,

This document rcports the resuls of a lterature survey znd amalysis conducted by
Geagenmudvanﬁtymmmﬁcmmdcmtmlmm Tha focus
wag the commend and control environment at MASA/GSFC. Toxces range from ths
waﬂdeﬁnsdtnﬂxammhﬁ.w,anhmtham]sd&nlmmhmmﬁnmmd
environment, Puman foctoms of computer syotens are enphrized, and tools and
methodalogias availahle for human factors analyzis are inclided, An annctatod
hihNographyy is includad,

Mitchsll, C, M., "Human Pactors Dimensions in the Evalition of Incressingly Automated
Contol", Proceedings of the 26th Annual Human Pacts Society Mecting, Human Pactom
Soddaty, Seattle, A, Oct 1982,

This paper deecribes the human factoms recaarch effort at NASA/GSFC concerning tha
curent and proposed command and control environments for nosr-exxth eatellites, Both
cxrent and proposed research is discuzeed, The author i3 a charter member of the
NASA/GSPC Huwan Pactors Gmoup and has been directly inveolved in all pheees of the
NASA/GSFC human factors effort,

Mitchell, C. M., Human-machine Interface Jemae ., in tha MSOCC-1l, NASA, Goddard Space Flight
Center, Greenbalt, MD, TM83825, Aug 19SL,

This technical memorandom pressnts the detnils and conclizions of a human factors
mviaw of current and proposed commend and control environments fox naar-earth
smtellites, The report found that littls attention hed been devoted to fundamental
mm&mmmmmmmmtmmsm
with increzoed levels of zutomaticn, are likely to further degrade the quality of the
human-computer interface, .
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Mitchell, C. M., P. Vza Balen & K. Mos, Ed, *Proceadings of tha Human Factors
ﬁmlgez_m in System Design Sympcium®, NASA/GSFC Human Pectods Gmoup. Grosnbalt, MD,
ay

ThaPmceodingadﬂmNASA—GddmdSympcdmhe_dnuylmzlnGtambd:, MD and

Callage Paxk, MD., Plenary s2xion topics includm general

spplicahility of human factes &8 a todl in mnqummmnmmm
plantcmmlmmmdinmftwomd.ﬂgmmdacdﬁqmdmmcdm

zdcamdmdudmm Wodishop ensiions focusad on maveral toples Ccmpsmpapeu

and viewgrzpls of the precentationg cre includsd,

Mocharmik, J. B, D. F. Gaxlio & C. L. Suws, Inaging Inrared Ship Target AoquiziHon
Studies, Human Fsctees, Vel. 23, Ro, 5, 1981, pp. 561-80,

Throe ctudiss are describad which istrate the therative intcraction of lnbomtery
msagreh in the gystem decign rocesa,  Thoy focused on opezator pecformance in an
imaging infroved ehip tanget acquizition rystem, Skip type, dSplay oxtreat, chip
cdantation and video bandwidth hrd eignificznt effects on opemtcr parfczence,
wheress video frare rate yislSed & flat function, Rezukn ere Giscusod in the contert
of a diztHinction betwesn informational and {mage quality effiscts on tuget

Mocharmuk, J, B, Viual Tzzget Acquidibion & Ocular Scaning Pexformanca, Human Pactom,
vd., 20, o, 5, 1978, pp. 611-631,

Tires exparimants, wing a brisf exposume techniqua investigated the efects of
Information and phyzical verdahles on vicual ssarch porformance ond the ezrociatsd
ccular ectivity., Tha results suggest that stimubhs information hed no effisct ¢n eye
movement messures, phyrical recirictions impossd on the ssarch tesik were recponzihle
for changes in ocular bzshavior, and per item ssarch matea incresssd as the totsl
information in the dizplay increcsad,

Mos, K., Tdp Repoet of ths Visit to Salar Mesosphere Explorer Oparations Ceater, NASA/GSPFC,
Gmarbalt,MD, Aug 1982,

This reparts summardzes tha activitiss covarod cn a trip to the Salar Kcaowphere
ExplorerSME) Operations Centor housed in the Univerzity o Calcredo’s Leboratory for
Atmcarphere and Space PhyECI(LASP)  Several Goddard, contracter, and lmiman fxctors
peraonnal attendad, Tooics covered inclixded: a review of the syntena enginserng
approzch umad for ths SME mistion, an exchangs of human factors idasg with members of
the GSFC Human Pactoms Group, and a rewisw of ERBS human factors enaly=is mnilestonos,

Mok, T. B, Target Uncertainty in Applled virual Search, fuman Pactams, Val. 18, Na, 6,
1976, po. 607-612,

The aim of this experiment waa to dstermine if tzrget uncectainty effects ocour in
spplied vioual ssarch teskn, Targets vaded from non-targets along a single dimension,
Thera was a 9.5 % increass in ssarch Hima when thare weas target unceztainty, Targat
position or difficulty was not a confounding factor,
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Mcay, N, The Stategic Contrul of Information Proceszing, in G. Undarwood (Bd,),
Strategies of Infarmation Procsmuing, Academic Pmees, New Yook,NY, 1978, o 301-28.

This chepter, in thm cxcellent book Strategies for Information Procewming, opplies the
ocoacept of varably strategies (o0 a genstic command and contral envircnment, The
author concludes that coparatoms dovelop strategies adaptive to tha todk at tand, for
optinal parformancz, The mis of the human a3 cantmller snd as suparviser is
addrecssd,

Mcxay, N, Ed,, HMental Wokload, Itz Theory and Hemmwrement, Plenum Pres3, New Yok, NY,
1579.

This is the proceedings of tha 1577 NATO conference on Mental Wodtloed, There zze a
mumber of prpers which ere both thoogectical and applied in nzture, Togicz inclvde
papern on: M@mmnbgyandmmmmmmwm
workloed neamirement, methematical models and mentzl woddozd, phycalogical
psvchalogy and mental workload, zpplied peychalogy and mental weskleed,

Maxan, C. T.,, . S Cock & A. Chemanis, Ed, Human Engincering Guida to Equipment Deslqn,
McCravw-gill, New Yods, NY, 1963,

This text is somewhat dated, but dosa provide a treditional overview of the human
factors fiald, erpacially equipmant dozign,  Cnzptor headings includa the following:
man-machine syctems, vicual and auditory proesntation of information, soeech
ocommuication, man-machice dynamics, control decign, wodkplace layout, dorign for
maintenance, eficcts of environment, and anthropomatry.

Maurant, R. R., R. Lalcshmanan & R, Chantadisai, vizual Patigus & Cathods Ray Tube Dieplay
Terminals, Ruman Pactors, Vol 23, Na, 5, Oct 1981, pp 529-540.

This articla repczts the- romlts of two experiments in the NIOSH shudy., Pxperiment I
investigated the effects of dizplay type, amount of infosmation, and display contrast

on tha visual mechanism during a visus] ssarch tzcit. CRT u€wage for thros hours
produced meszsursbls vicual fatique in eys movement znd visual mechanisme; such fatigue
was not precent in the hard copy visusl smarch tzsx, The second study hed subjects
engeged in the task for two 4 hour exrsionfatique in both CRT and hard copy was found,

Murmford, B & H. Sackman, BEd, Human Chodce and Computers, Arerican Elsovier Publishing
CaInc, New Yok NY, 1975,

Pmxceadings of the IFIP Conference ocn Human Choice and Computers, Vienna, Apzl 1-5,
1974. Thematically arrangyed around: management awice, rade union choice, dGemocratic
chdice, and eocial choice, The book and its papers are very widely cited,
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Mumfced, B & D. Henchall, A Pacticipative Approach to Computer Systams Desion, John Wiley
end Soo, New Yok NY, 1579,

coe sdy of the succamful implementation of a new conmputer syztem, Amues that
office o chop-fisor ergloyess ghouid have a major dacign mile, particulady in
mﬂmm@ammmmmammmmmmmm
mmmﬁmmmmmmmpmmm
%mmmmmm" their own problomse, gat targets, and decign wook

Muray, 9. &, & M~3 & W. i Par, A Rodiation ¢ Industrial Hygiene Swvey of video
Display Terminal Operatione, Humen Pactors, Vol 23, Na 4, Adg 1561, 413-420.

Part of the IT0SH zudy, this axticls dereribes a radistion smvey which included 136
terminaly, The remilks of the tesis dsmonstrated thot the VDT opezators includad in
this invertisation wam not expcded to hozarmdows lwvals of wmdistion or chemical
agents,

NASA/Amea, Man-Vehicls Systens Resparch Diviclon BitMogrrphy 1976-1981, Moffiett Pield,Ca,
Oct 19061,

Ths technical repozt is zn annctated kihliscrsphy pooviding a cres-mfesnced
directory of pablicetions written by tha personnal of tha Men-Vehicls Syctems Res2arch
Divizion of HASA-ARs3 Resesrch coater ond its contructoss, 1976 to 193l Subjsct
arees inchxdcd arm  fight mapsgoment systems, human factoms in avintion eafety,
simulation tochnaloqy for zesonsutics, helicopter man-machins integation.

utlization, and gpace flight related reccarch.

NASA/GMSPC, Spacelab Ditplay Detign and Command Umge Guidelines, NASA/GMSPC, GMSFC, AL,
MSPC-PROC-T11A, Apz 1930.

>

Twadocurmwm‘mtmmptmm:dizemmw/mat
intorfzce among difforent payloads and remuk in lower crew txzining time and
incresszd efficiency of tha paylcad crow in anboard experiment operzticns,

NASA/GMSFC, Spacelab Experiment Computer Application Scftware Dizplay Dexgn and Command,
NASA/GHSFC, GMSPC, AL, MSFC-PROC-711, Jan 197,

This study contains specifications and guidalines for the derign of spucelab displays,
The repcet was conducted by the Eesex Corpomation, Many of the guidciines are based
o the remilks of cmpirical investigadons conductsd on the.Data Display Simulater,
Mmbm@mﬂnﬁmpm.sd?ndﬁcmmmdglmma Topics includer
display conventions, alphanumeric éisplays, graphics displays, display omganization,
commands, command entry, command feedback, and tutoriala,
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NASA/GSFC, Human Factams in Cantrol Roum Dezgn, RECON Seuarch, NASA/GSFC, Greenbelt,
m’ Mar 1962’ PPe 1-27.

A NASA RECON Search was mun oan the topic of human factess in contrcl rcon design,
rsmulting in this 115 item annctatsd bihlicgraphy, It i3 a very good eource decument
providing listings of many haml to chtzin tachnical reperts,

NASA/GSFC, Pzyload Operztions Control Centers Usar's Sexvices Guids HCD,MDOD, NASA/GSPC,
Gmenbalt, D, HOD-1PUGA180, Apr 1981,

This is a ucer's manusl for NASA/GSPC pemonnel within the Payload Opcrations Centxcl
Centemm®OCCs), and related support faciliHea, The document i3 intended to be an
avaliabls reaource fioxr both polential and current wers, It covers the following:
POCC coecription, sippart philotonhy, mlated support elrments, POCC oeppext

personnal, 'pzmlepacmtt aupport. cperations, test and data flow suppost,
docuzentaticn, and future plars,

RASA/GSPC, Ccnixcl Center System Manual-MSOCC - 1, NASA/GSPC, Groenbelt MD,
CCS~4CTM/0277, Aug 1981.

This is a work mamual for NASA/GSPC pemannel involved in the Muld-Satellite
Operations Contxel Center 1(MSOCC 1L, It covers the MSOCC 1 focilides, data

aubcystens, spolication procesging subeytems, data handling eubsystems,
displays 2nd interactive keyboaris,and MSOCC 1 exftwere,

NASA/GSFC, Ircgmt>d Conmand, Contral, Communications and Computation Syztem Puncdonal,
Computer Technalogy Associates, Gipenbelt,MD, NMAS5-26369, Mar 1381,

This document atterpts a unifisd picturs of the requircments which dzfine thooe
ﬁmcﬂaunecmryhocmtmlq. Ycraft Ykely to 8y in the 19680's and 1990'a It
alkso provides the baosis fior tha davelcpment of a functional architecture fixr a genedce
Inteqrated Command, Control, Communications 2nd Ceaputztion gystem which can be
applied to many spacacraft being dewvelcred in the 1960's

NASA/GSPC, AIAA/NASA Sympesium on Space Tracking and Dzta Sy=tems, NASA/GSFC, Pentagon
City, VA, Jun 1981.

THis document containg cnly thaza pepers which were prepared by the authors in time to
bs preprined for the Sympesium, Ten articles are inclidad, Some titles zre: Mission
Contral, Grourd-to-Ground Cemmunicatons for Mission Support, NASA Activities and
Plans, NASA Trzcking and Data Acguisition in the 1950's, Desp Space Pwojects in Japan,
and Consaiidation of NASA Tracking Stations into a Single Ground Ketwodk in tha TDRSS
Ema,

NASA/GSFC, Systems Emineering Tark Study Summery Report, Computer Science cay.,
Gmenbel, MD, A83-D-17301-05, Jun 1981,

This document summarizes three gystem enginesring studies performed at GSFC Ccde 511,

Incliixied are the LAN Requirements Study, the KCRT Replacement Study, and the MSOCC-1
S-Year Tmnsition Study.
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ORICINAL PAGE IS
OF POOR QUALITY

NASA/GSFC, Systems Teet and Operations LanguegeSTOL) User's Guide, Computar Sciences
Caporaticn, Greenbel:,MD, SCPB I-82-008, Aug 1982,

This document describes the uszgs and functionel crpabilities of the Systems Test and

Oparaticns L2oguageSTOL). It I8 dszigned to aceist STOL wers in tha fundamentals of
sronmmﬁmmmmmm&mﬁmnmwbmsronﬁmdmm
an online environmant with mukibeckground tesia :

NASA/GSFC, Keyboard/Czthode Rzy Tube (KCRT) Reglacement Study, Computar Sclences Carp.,
Greenbelt, MD, NAS5-24300, Jun 1981,

This worting paper contains the Zollowing: a ¢ -:.vination of the cxrrent and fulure
requirements to be eatisSled by the RCRT umits w e HORS, & samps aurvey £ the
amxent KCRT market, an examination of tha varioss options for the implamentzxion of
pew KCRTs in MSOCC environments, and an 2esamsment of the impects of RCRT
repiacement on the existing MS0CC-1 herdware/softwars.

NASA/GSPC, Opcimticnal Requirements Stedy for the Automntsd MSOCC-1 DOCS, Computer
Sciences Corp., Greembelt, MD, RHASS5-24300,17400, Jun 1981.

rmmmmmmmmmmwmmwcwmsm
Corporation for the proposed awoaated DOCS. This system will ba incorporated in the
MSOCC-1 at NASA/GSFC.

NASA/GSPC, Preliminary ERES Ccmmand panel Punctional Spacification, Ball Aercspace Systems
Division, Baulder, CO, HASS-26458, Feb 1932.

Tb;:eﬂﬂmydo&wt&t&%wmmnﬂp&mlq:edﬁmﬁmm&lﬁn;ﬁmﬁmﬂ
requirements and sampls layouds, It i3 currently being reviewed by the Human Pactoxs
Group and futire mcsarch on the specificzticns is pending, Tha document is cf

intereat to NASA/GSPC perzonndl, ecpecially ERBS Pruject staff, However,
mmmmm«mmmwmammo@mmmymwmm
meviaw thia,

NJI;\;.A/GSPC, Mizzion Operations Plan, ERBS, Ball Aetcspace, Greeuuelt, MD, ERBS-0l1,A, Jan
82.

This document oviies the NASA,//GSFC ERBS Flight Operationg Team wih an overview of
mﬁmmmmmmmmwmmdmznssmﬁm It provides an
overall management level plan that describes the ERBS spacecraft, instruments,
subcysters and interfaces with required GSFC gapport facilities to meei nission
cbiectves,

NASA/GSFC, Integrated Command,Ccatrol Communications,and Computatirn: Systen Design Study,
Computer Asscciates Technology, Greenbelt, MD, MAS5-26689, Jan 1981,

Ttﬁahammpmtfurﬂn.CASystemDadqnsmdthtcwemmeﬁancm
taskm: a review of Data System Modemization docamentation, an analysis of SMM
cperations, axd a description o the User Conputer Interactive Cemonstration System.
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NASA/GSFC, HSOCC~-1, 5-Year Tranaton Plan, Computer Scences Cczp, Greasnbelt, MD,
NAS3-24300,TA17201, Mar 1981,

This document doecribas the activities currently schedulad for the MSOCC-1 envirenment
éuring the noxt five years e8 determined by a study performed by Conputer Scences
Corpomation, It i3 a transition plan thot was cenerated to act a3 g planning tocl, t

o &id in the azessment of mequiruments impact, to provids a bazis for the manitering
of implementation activities, and tn a=ist in the rufinement of implementation
schedules and budget estimates,

NASA/GSFC, Advanced Space Syetems Automation Wexkshop, Computsr Technolcqy Asscciates,
Greenbelt MD, S-04278-8C, Mar 193L.

This is a sunmary &d evalustion of a workshop on automaticn which was cenducted at
NASA-Goddand in 1981, Participants represanted cperations pemonnel and leading
tachnologists, The intent wes to promcte mes=ningful dscuion on the iomes of
operational automstion in Goddard's ccrimand and control envircnments, .

NASA/GSFC, ERBS Mismion Operztion Procedures, Ball Acrcspace smms Divizion, Bouller Cco,
NAS5-26458, DR $405, Jan 182,

Tm&cumtmddmﬂnmmdemﬂedmwmem'aﬁmaf
the Exth Rzdiation Bmigetu&mnim&NASA/GSFc,manpkLaaafﬁwmm The
za&/ommmmmmmmmuy cperating  proceGures,
and contral center cperatins procedures zre covered., It i3 a highly

docament, however, thora intereshed in eatellite eystems may find it weful, The
conmand and control aspects of ERBS are being investigated by the NASA/GSZC HFG.

NES,DOC, "Pmceedings of Buman Pactars in Compater Systems Conferenca®, Gaithershurg, MD,
Nezxr 1982,

- All of the Procesdings (with the exception of the opening and dlosing seemicns) of tha

Jandmark conference on Human Pzctors In Computer Systems are inclided, The Conference

was held over thoee days and covered su_h topics asineming commands,dzplaying
information,cognitive aspects of sotitware,social £actors, mesearch mﬂndolpgy,
managing dlaloguss, perceptual itnes, cvalusting text editors, user cognition
tnachmghxwizcbom,zﬁds&gnguideﬂnesammgm A valuable and timely

fIO0SH, Pctential Henlth Razards af Video Displzy Terminals, U.S, Dept, of Health & Human
Sexvice, Cincinnati, OH, DHAS 81-129, Jun 1981,

This report desribes the findings of a fzld investigation carred cut ' the National
Inztitute for Oncupational Sufety end HealthUOSE). The nvestgatiin was condurted
at three companies in the San Prancisco-Oakland Bay area zt the request of three 1
abor unions to determine the pobtential health lLazards amsociated with the wse of video
display terminais,
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NRC, Guidelines ior Contrul Room Demign Reviews, U.S. Nuclear Regulatsy Coamisxion,
W ashington, D.C., NUREZG-0700, Sep 1981,

This extensive quidsline document resiked from the documantation following the Threa
Mils Idand~2 cocident, Its purposa is to ensure inplementation of hunan factoms
onziderations in contxol oot dasign, It dovotas great atbention to tha planning,
reviaw, asempent and implemention, end mopot phzzes of a doteiled control reom
mview, Thorough contral rcom human enginesring cuidslines aze inclpdod, with
checklists after each page for esss of wa, It i & current and valushis source
dorument,

NRC, Human Pactorn Accepiance Ciiterls for the Safety Paramoter Display System, U.G
Nuclear Regulatory Commisedon, Warhington, D.C., BUREG~033S, Oct 193L.

Dmaft repcet for comment. Containg human factors enginsering design rsviaw acceptance
cteda davalopad by the Buman Factoxs Enginasering Brznch of ths HRC to w32 in ,
evalucHon dzsigna cf tha SPDS. Thoos criteria were dewvalopad in rerpencs to the
functional dacign criteria for tha SPDS dafinsd in NUREG-0$96, Functional Cxtora for
Emenjency Reoponse Pecilitian, The purpooe is to identify criteria for the SPDS
mwbg.ﬂnm&dméammmmntwdcaTMph
anticipal

NRC, Functonal Criterin for Bmamency Responss Facilitics, Nuslsar Regulatcry Coxmiasion,
Washington DC, NUREG-0556, Ped 1981,

Deacribes the facilitiss and systoma to ba used by nuclsar power plant Xcensess to
improve responess to emergency situstiona, Pacilities includa the technical report
center, cnaite operational suppait center, ond neamite emergency cperxticns facility,
as well as a hrief discussion of the ememgency respon-e function of the coutzol room
ituslf, Data gysters include the safety parametar display system and the muclasr data
Hnk, Together, thess make up the total emergency recponse facilitiea,

NRC, Bvaluation Crteria for Detailad Control Room Degign Revisw, U.S, Ruclsar Regulatory
Commission, W ashington, D.C., NGREG-0301, Oct 1981,

This document is a draft report for comment coregisting of evaluation criteda for
assesging human engineering discrepancies in muclear pover plant contral room reviewa

It is the companion wocument for NUREG-C700, and it dutails the acceptance cuidelines
for the lcensing of facilitiss by the NRC. Faur phases of evaluniden are necesmary:

& evaluation of the pregram plan, an-€ite vigits by NRC pemannel, cvaluation of the
design review resulks, and final verificadon,

Nat.Res,Coun, Data Managemant and Computaton, Val l:imues and Recommendatinns, National
Acadenmy Press, dashingtca, D.C., 1982,

The Committce o Data Managerent and Computation examines the management of edsting
and future data acquisiticns from spacecraft snd associated computations in the araas

of the space and earth scierces in this book., It makes recommendations for
improvements from the paint of view of the scientific user,
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Navon, D. & D. Gopher, On the Eccnomy of the Buman-Processing System, Peychalocical Reviaw,
vd. 86, Na 3, 1979, pp. 214-255. : .

A mwiaw of the uman processing gysten using a utilities approach for allocation of
macurced, Channel capacily modals of information processing are supperted,

N&m, U, Cogritive Pgychalogy, Prantice-Hall, Inc., Englewood CLffsRJ, 1967,

This is a claxic text, cutlining the pencemes of and experimental wosk on the flald
of cognitive psychalogy., It providzs excallant coverage of tha matadal and is a
valuabhla scurce ¢ -cumant,

Newman, W. M. & R. F. Sproull, Principies of Interactive Graphics (2nd Editicn),
McGmaw-gill Beok Ca, New York, NY, 1979,

A clasmic taxt for intersctive qrzaphics, Th® bock is omanized arcund the besic
toplcs oft basic concepts of computer-bared grephicsy grophics ooftware packages;
interactive graplics; raster grephize; 3-dimensional graphics; and oraphics aystems
conbining hardware and softwere into a practical teal for computer-npaive uceos,

O'Neil, H. P., Ed, Computer-Bzsed Instruction, A State-cf-the-Art Aessment, Academic
Proms, Inc,, New York, NY, 1961,

This bock attenpts to provida an intallsctual framework for computer aswisted
instruction (CAD rescaarch. It inclidas zn introducton to CAIL zn idealized
cornputer-panaged instructional cyctenm a8 a conceptual framewerk for the feid,
amersments ¢ handware and software and of cuursswars, and manzgement of CAI
pxojects,

Palmer, B, A, S. J. ¢ = & S. L. O'Canner, Perception of Horlzental Adrcraft Seperation on
a Cockpit Dispay of Y.affic, Human Pactors, Val 22, Na 5, Oct 1980, pp. 605-20.

Describas 2n experiment in which mubjacts wers required to judga whether an intruder
craft would ps=s before o after their own craft, Displayed history did nct improve
performance, althoush it was desired by pilots, Picts made fower erxors when they had
predictive data, especially with tha predicter crved mopartionally to tumn rate,
Neither varying the rate of updating information on the display from 0.1 to 4 s=conds
nor varying viewing time from 1 to 16 saconds effected performance,

Parsons, H. M. & W. E. Perry, Cc. eots for Command and Control Syscems, Office of Naval
Rezsarch, System Development Cax ., Falls Clurch, VA, NTIS $#AD479368, Dec 1969,

Defines "command & control »y>tem® by cutliningy a model of the embedding military
proces congisting of 5 functiona: sensas, analyze, decide, act, & communicate,

Suggests that methodalogy for improving command & contzol systems can be improved by
conzidering 5 “trouble-paints®: funcHen & system boundary interfaces, front end data
input, noise-cata conversions, conaideraticn of the "ant-gystem®, and system

exercising. Umges an empirical approach to the shudy of such trouble points,
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Parsons, H. M., Hun-Machine Sysbem Experiuents, The John Hepkina Presn, Baltimore,MD, 1972,

Trbbookbﬁnmwomcfamﬂymmmtwodeadmofmn-mmrdnem
expodmental ressarch, mmmdmwodchﬂnﬂam,-ﬂwmﬂw\md,mﬁ
the problems encountoned, Ithavaluahhneﬁe:a:mdoammtcmmmngmmmn
ecpadmm,hnhaomwlutdatadaaitmlycwemmmphm&maghﬁnhm
dxties,

Pew, R. W. a&mpmcummﬂumpaﬁammudwng.pme&mdthe
cmmam,mwmmwm,mnsz

Thbpapermggemﬁazac&viﬁmﬁorcuﬁdadngﬂncmwbﬁmdmm
puﬁctmmmﬂammnum&comphxw-mdﬂmmdmngm
stagesmkamlyxh,mdemm,dnnhﬂmmdﬁmcdmal.apedﬁcadm Tha Socus
dﬁwmmhmhxmnpe:ﬁ:mmmmodemm.

Pew, R. W. & A, H.Ronhm,DMQgSmdﬁcaﬁumLW&nﬁm),wm
and Newman, Inc,, Cambridge, MA, BBN Ha, 3129, 1975,

friendiy by i i
applicgtion to encther, by exploiting ths full czpahilitiss of programmebls terminals
Mméﬂogues,mﬂémﬁdingmmm&daﬁctdhlm

Pev, R. W., Human Information Processing and Reaction Time, Balt Beranek and NewmanJInc,,
Cambcidye,MA, BLN 10,2111, Mar 1971, .

An excellent report summarizing principles of reaction time from a human factors
gyster design viewpaint, Several cxamples zre given to iluetrat. each principle,

Pew, R. W.. S. Baren & C. B Pesher, Critical Reviaw and Analysis of performznce Models

Applicahls Hian-Kachine, Afr Pcroca OSR, Bolt Beranek and Newmen, Inc,, Canmkxidge, MA, BDN

Ha 3446, Mar 1977,

Reviaws potentially relavant models and identifies iomies in model developmant and
application that may have an important impact on modeis for lsrge-ecala man-machina
gystems, Tha review is both historical and cross-sectional; shetracts of 40 modsls are

m:hﬂedpmadetaﬂedamiaiﬁcalevalmﬁmcfmmnpuﬁommmn
mmﬁmmmmmmmmuﬂmmm@mm
available knowledge and technalogy, Gives recommendations for firther ressarch,

Poock, G. K., Cdlor Cading Effects in Compatible and Noncompatibla Display-Control Arrangenm,
Jounal of Applied Pgychalogy, Val. 53, Na. 4, 1969, pp. 3J1-303.

Repomma:pedmmtd&dqnedmmmeeﬁectcfcdmcdmgmcompaﬁhhand
noncompetihle dlzplay-control arrangements, Calor coding was found to ba effiactve

whmdisplaysaﬁcmuuhwmnammpadhlymed.cdnrcodmghadmeﬁectwln

n displays 2nd conttols wemcompadmymanged.ﬂnmmsaxppoxtmemponance
of compatibility in display-control arrangement, '
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Prnce, M, D,, Integrated Disnlays znd Contreds Dexign Pactoss for the 1990's Tranaport Aldre,
Lockheed-Geomia Co,,Elecixonics Div, Madeca, GA, TIS A81-30338, 1980, pp. 1082-89,

Advanced flight station concapts utilizing intograted displays and conteels will be
necessary in the futwe and this pepar coggocts four ficters which infhimnce the
design of integrated dictlays and contrals: the mission and {to environment, the

gsystemsa environpent, the avnilahility of technology and human

characteristica,

Pdne, G. B, F. M. Bl & P. Burch, Payload Oparaticns Cantrol Center Netwosks Miszon
Olpamdmsm Rcom Stxly Repo, Computer Sciencos Corparaticn, Gmenbelt MD, 1AS5-24300, Dec
978.

The report is a requirenents stxly for & NASA-Goddand mission oparations moom (MOR) in
a POCCHNET environnent,

Ralogzl J., VDT's The Buropean Expadence, Sciance News, Vai. 120, Ne, 9, Auy 1981,
m ~43.

Report on sympasium on VDT and the vizlon of warkers at the National Aczdany of
sdsmmmmmb&mﬂﬁsmdmvemgaﬂmm “heir peseerch
aggests that VDTs ara not z3 benign 23 their promoters claim, Grmndjasn chowed a
statistical comxelation batwesn VDT quality end fotiove, Ostberg meposted on tomporary
Joas of vimual acuity, Heider Sound cuch temporary myopia to ba inflzenced alzo by the
calor of the display.

Ram=ay, H. R., M. B Atwood & P. J. Rizthbaum, A Cdtically Annctabted Bihlogrzphy of the

Literzboe of Human Pectors in Com, Science Applicaﬁm Inc,, Englawocd, CO, NTIS$
ADA (58081, May 1978,

This annctated bihlicgmphy is a companion document to Human Pactess in Computer
Systemsy A Reviaw of the Litmrzture, by tha same authoms, It containg 554 entries
ranging from hardware and softvrare conddemations to analyzis proceduren, It is a
very valuabla source document from tha human factos fisld,

Rameey, H. R., M. E Atwoad & J. K. Willoughby, Mzn-Mzachine Interfacs Amlyss of the
Flight Design System, Science Apolicaticas, Inc,, Emglewood, CO, SAI-76-0839-DEN, Jun 1578,

A brdaf, btroed human factors analysis of the Flight Design System, a computer software
gystem for usa in Shuttle-era flight design by the Micsion Planning and Annlyeis
thﬁmatNASAJcthmceCmbar.Speanlatnenﬁmb[mdtnmppc:tcfamixed
staff of engineers and technicians e thn system. Specific recommendations are mada

h&vdopmmtddeummﬁabhmﬁmmmmmﬁmmby
diffferent clames of usem,
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Ramaay, H. R, M. E, Atwood & G. D. Campbeil, An Analyxis cf Softwara Cesign Methalologies,
ARI, Scierce Applications, Inc, TR 401, Aug 1979.

Describes and analyzes st a high level sevenal softwars devalopment tachriques ond 4
formal methcdalogiesy Structured Dezign, Jackem's, Intzgrated Software Development
System (Highar Onler Scftware), and Wamier's Logical Constructon of Programa, A god
ameemment of their reladve strongthn, weakneszss, commonslitizs, end applicadon
mmammammmmmmmmwmmm
theae methodaloglen,

Ramsay, H. R., M. B Atwoad & G. D. Campball, Human Pactems in Coaputer Syztems: A Reviaw
of the Literature, Science Applicaticns, Inc,, Englewood, CO, NTIS# ADAG75679, Sep 1979.

This technical repoet presents a critical astline and summizy of a thorough reviaw of
the literature in the srea. Th: parpxa was tn amees the cuzent chtate cf the :
knowladye and to dstermine whethar that knowledge is sufficiant to support tha
devalopment of human factors guidelines fior the design of interactive computor
systams, Topics inclixde: uzer and tack properties, roquirements analyris mathods and
problens eolving 2ids, interactiva dlalogquer, input and cutput davices 2nd tecnniquea

Rasmummen, J., Buman Factoms in Bigh Risk Technology, High Rik Safety Technalogy,
E.A.Grzen (Ed), John Wilkey & Sons, Ltd., Londen, 19fc.

This i3 a dmaft o 2 report to be published in "Eish Rizk Safoty Technology™
addresning come critical ismues in relishility ve, rck analyzis in automated command
and contral environments, A ranbar of ths concepts ave quize generalizzble for
dealaning systems for mlisbility end risk management,

Rasmumesn, J. & W. B. Rauee, Bd, Buman Detecton and Dizgnoaia of System Failures, Planum
Press, New Yok, NY, 1981,

This book includes all of the pepers presented at ths NATO Sympooium on Human
Detoction and Dizgrosis of System Pallxcea, A group of 85 poychaologists and engineers
ooming from induetry, governmont, snd academia cocnvenad to discums end to gunerate a
*state of the a<t® concensus of the problems and solutions azscciated with the buman's
ability to cops with the incressing acale of conzequences of failiwes within conplex
technical systems, Many cf the articles are very pertinent,

Riager, C, J., R. Woad & E Allen, Lamge Human-Machine Information Spaceas, U, of Maryland,
Maryland Artifical Intelligence G, Ccllege Park, MD, 1024 (MNAS5-25764), Mar 1981,

Deecribes 2n I-SPACE, a large man-machine information ‘spece’ for environments whera
large amounts of distributed information and toals for wsing that information must bs
made zvailable to a wide varnsty of users in real time, Tha I-SPACE presents a
powerful, uniform, and easy-to~Be <ace to all ucers, It pormits users to synthesize
information from diverse parts of the I-SPACE for simulanecus use cn a ‘cluttered
desktop' where inhs can be tempararily set zside and yet remain active,
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Rieger, C. J. & M. D, W¢éser, Development & Application of Natural Human-to-Machine
Interfaces for NASA Mis, U. of Maryland, Computar Science Dept,, College Park, MD,
tachnical proposal

A rmnawal propeeal for continued msesrch and development of the I-SPACE, a
human-machine intarfrcs system for large-coale, real-time information opaces,
sponsored by MASA GSFC. The project is aimed at the real-tme acquizition end
smthosis of infarmation from diverse, cften geographically distributed sourcea, The
wser is given the flwdion of clittered docittop of powerful windows through which he
can look at data that may be changing in r=al tine, Quita thought provoidng.

Rogers, J. G. & C. D. Pegden, Pacmatting & Omanization of a Human Bngineating Standard,
Human Pactoms, Vel 19, Na, 1, 1977, pp. 55-61.

The articia daacribes a detaflad analyticsl revisw of two existing govermnment human
engineering ctanderds end the reeuln of a urer survey on human engineering standarda,
The reviaw roveslad fomatting and crgenizational problems in onxent bumen
engineering stzndards which datract from their utility to the dedigner, Prohlems
iBentifi=d and recommended sohwtions ara presentad,

Rogers, J. G. & R. Armstrong, Uzr of Auman Engineering Standards in Design, Buman Factoxs,

This sudy evaluztad the impact cf human engineering standards on product designs by
aeompaﬂsmdtmdhg!ap&gmmﬁnsamemm,mmﬁmlwﬂmﬁm
of two existng standends, and a anvey of standard uzern, The shidy conclides that
existing standards zppsar to have littla effect on product design,  Likely ressens
incliler Gaficienciss in ths gtandards, education and inteniisciplinery
communication, az well as dacigner preference.

Rouse, W, B,, Problem Sclving Pecformance of First Semester Maintenance Tmiress in Two Pau,

Human Pactom, Val 21, Ko. 5, Feb 1979, rp. 611-618,

The article Gescribes an experiment in which 48 first samester traineces in &n FAA
cartificate program perticipated in an experimental study of trouble-ehooting of two
different types of graphically displayed notworka, Effects weres network dze,
mdundancy, feedback, computer-siding and training, It was found that pexformance
degraded as network size incressed, degraded as the level of feedback wes reduced,
improved with computer-eiding, 2nd that skills developed with aiding trancferred to
cther tasks,

Rause, W. B, Dedign of Man-Computer Interfaces for On-Line Interactive Syztems,
Proceedings of the IEEE, Vel 63, Na, 6, Jun 1975, pp. 847-857.

The paper integrztes a wide range of material into a conceptual structure for the
design of human-computer interfaces for cn-line interactive systeme, Typical roles

for the human in human-computer systems are considered, Suggestions for the design of

mmmmmdmysmmmmmmmm
processing, and mathematical models of human behavior,
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Rauze, W. B, Human-Computer Dtaraction in the Control of Dynamic Systems, Computing
Swrveys, val. 13, No, 1, Mar 1581, pp. 71-99,

This articls {3 2 roviaw o€ pertinent Ytoratime ad curent resasrch cn ncdea of
human-computer interaction in tha contzol cf dynawic aveteng and the prohloms of task
allocaton, This i3 a corpretienalve treatment of the sulrject and nskes a good tuboddal
on paax-maching fewes in axtonated command and contrel situstions,

Roaxe, W. B, Buman-Computer Itsrection, in Multitaek Siustions, JTEEE Trens cn Sycitzis,
Man & Cybametim, Vol SMC-7, Ko 5, Mzy 1977, po. 334-392,

Bmmmm&mﬁmhmuﬁ:&dadﬂmmﬁnge&maﬁmhm&md,md
it is propoond that human and corputams have overlopping recponcibility.  Quzueing
thecry is exployed to modal thls dynamic epproach to e alloeation of responcbitity
batween aman &4 compuder, Remubs of douhtion oprriments s vssd to ihsirnts
tha effects of :o7emal verishivs inclxding: mumber of toofts, =cen timo betwoon
axivals of action-ewcidog events, haman-corputer speed, probohility of emron

Raxe, W. B, Adzptve ATocetion of Necizon Meking Rezponaibility Between Supstvicor & Co,
Mcnitodny Behavicr & Superviscry Control, Plsnum Proes, Raw Yok, NY, 1976.

This articlss siggest dynamic allocation of tosks botiéen human end conputer in control
gratoms with multitesk environmenta, A coulation uzing queusing thooxy is doscribed,
prerequicitss to ths real-voxid reaiisstion are ooncldared, and tvo laborabory
expednents are dacusead,

Rane, W, B, Syzhsms Enyincaring Madels of Human-i¥aching Irtorestion, Resth Holand, New
Yok, NY, 1980,

This text I8 &n excellant r=forence text and introductory tutcrisl cffaring a wide
vadsty of mathematical toals which gre uesful in anslyzing human-pachine

Tcpic inclidem estimation thoory, control theoy, queueing theory, fuszy sat theoxy
production gystems, patbem nocognition, end Mexior Choina,

Rame, M. B, Pmhlem Salving Performance of Maintenance Trzinces in a FzuR Dizgnos's Tesk,
Buman Pzctoes, Val, 21, ha 2, 1979, pp. 195-203.

rmmmmmwmmwmmpncmﬁammmmm
participated in a stidy to evaluats touble-chooting of grzphically dGirplayed
networks, BEffects weve network size, computer ziding, znd training., Pezformance

degraded as network size incresssd, improved with thz uwe of computer aiding, and
gdlls daveloped with compator aiding that were {ransfemed to the unaided situztion,
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Ruﬁner,m&,amrmhs;mmam,mnrmdsmmum,& \
Cybemetica, val. SMC1l, No 7, Jul 19€1, pun 509-514, :

Crtical to en understanding of contamporary eystems dosign and analvsis is
appreciation of the epistemalogical and cuhural constructs that conditien and
conziitute the scoumptive background of cur knowledge and ccientation, In such a
contaxt this correspandanca focuses on how the tecit dimeniion and tha vary
pimq&pucepdmmmmmpmtwmsymmmﬁa-tnwinmm
vbuoﬁlﬁmmamddymmmmm'm&“mmmmm
*hand® scicnce & technique, ,

Rutenfranz, J., W, P. Colquhoun & P. Knauth, "Homs of Work and Shiftwerk®, Proceedings -
6th Congress Irtsm, Bmonomics Acsoc, Jul 197§, po. XLV-LIL

Piot the tire clements of a working day, the duration of working time and the time
positioning of working time are qoasiderad exgonomically, Seccond, ths rezaons for
chiftwozk, cifferent typos of chift wozk 23 well z3 cffiect an hoolth znd family and
gocial life sxe diocuszad, Pinally, poycholegical criteria for cptimal shift

schedulas zre presented. - v

Sage, A. P., Behavioml & Organizational Cenriderations in the Dezign of Diformation Syzte,
IBEE Tr=ns, cn Systems, Mzn, & Cybometes, Vel SCl11, Bo. 9, Scp 1981, pp 640-678.

Rovisws znd attenpts to integrate the litsrature from mamy arves having impozt for the
design of docition support syctems, There eve 415 mforences citod and most of the
important cnéa ave discumoed in the taxb, Szge rovisws cognitdve ciyla and human
hfmﬁm;:ocezﬂnghdadﬁmm!&g,dmﬁmmh;cmﬂngmmdabofm
gructure, &ad Gocision framewarks & arganizational sottings,

Szmet, M, G. & R. B Geizelnan, Dewvaloping Guidaiines for Sunecarizing Information, Human
Pactors, Vol. 23, No, 6, 1981, pp 727-736.

RM:MM&@&MW@W@&Y&M
W@Mmﬁxmmmmﬂmymmammrmmmmﬁ
officers to cummarize tactical mecmges; thess mimmaries wara then evaluated Ly raters
. Tha summaries prepared with the guidelines were judged to ba better summaries, Tha
que&mhedmmmﬁeswemmﬁbdeﬁmag&mlmmwng message
contents, :

Samet, M. G. & K. B, Davis, Computer-bessd Supervisory System for Managing Irformation Flow
in C3 Systems, DARFA, Perceptronics, Inc., Weodland Hil)3 CA, NTIS$ ADAO0406359, Mar 1977,

ngzesmwodcca‘mdngm&:edemammﬁmdasymamcfmmdm-m
Mwwm@hmmmmmﬁcmmmmmaﬁmma
simulzted command, ccatzol, 2nd communication cystem. The repaet inclixies a human
factors rationala for improving data flow in C3 gystems; a description of moda

mads to the Tactcal & Negotations Game; and ths conceptunl gpecification of a
mal-time cozputer-tesed model for automatically zdapting message pacing rate to the
user,
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Sesberger, J, J. & W. W, Wiervills, Estimating tho Anount of Eye Movement Data Required for
Panel Design & Imsixu, Human Factoms, Val 18, No, 3, 1976, pp 281-292.

Pmaents a procadure for estimeting the amount cf eye movenent data requirad to dbtain
a specified statistical accurzcy with a given dsgres of confidence. It is

vhen eye movement giatistics srs to be uwsed in panel redesign and instrument placen
ent, Tha procedure should be sppliczbls o a variety of huran factom dasign probiems,

Seminara, J. L., W. R. Gonzalsz & S. O, Paxrsony, Human Pactor3 Reviaw of Nuclsar Power
Phntlc_,g'ntml Room Dezigi, Elactrc Power Ressarch Institute, Palo Alto, CA, EPRI NP-309,501,
Ma 1977,

This i3 the axmmary document that precedad ths EPRZI RP-1118 saxdy on hwaan factes of
miclear power plant control moxzs It conciets of a survey < five control room .
snulateess and thoir cooesponding operationzl plants, Several human fackes pxchilen
areas were idesntified and futurs stxdy nesds were suggested,

Seminara, J. L, W. R. Gonzalez & S. O, Pzrons, Human Pactors Mcthods for Mucloar Cantral
Room Decign,Val.3:5F Mcthods for, Elbbsctzic Power Reszarch Dstitute, Palo AXo, CA, EPRI
NP-1118,501-3, Feb 1977. :

The timd valuma of the EPRI NP-1118 szrics consicts of human factors rmethods for
conventional centrol boamd decign.  Analyses of control  end display requirements
(ag. cytems analyeis, Smcton, ordd tesk analynis), human enginesting of conventicnal
cmtiol becxds, weming system design approachess, and contxaol board detign evalustions
are the topics discuesed, ‘

Seminara, J. L. & S. O. Pzxoons, Human Pactors Methads for Nuclear Central Room
Deeign,Val. xBF Survey of Cont, Eloctric Power Research Institute, Palo Alo,CA, EPRI

Tha gecond voluma in the EPRI KP-1118 saries focutes cn & human factory survey of
control room deeign practicss, Ths methadelogy used in the axvey wzs a thirt~item
structured intervisw form, along with biogrephical questdons, both of which are
inclided in the Appendix., Control room concepts and dasign ocogses zve discusesd
and a derign reviaw and evaluntion is included,

Seminara, J. L., S. O. Pzxsons & Y. J. Schmidt, Human Pactors Reviaw of Power Plant
Maintainahility, Blectric Power Research Institute, Palo AXo CA, EPRI NP-1567-5Y, Oct 1980.

In response to EPRI NP-309-6Y and EPRI NP-1118-6Y, this study was undertsiten to
examine plant and equipment design in terms of maintainahility from a hunen factors
perspactive,  Nine existing facilities were srveyed, both muclear and foosil fuel
planta, The methods used to conduct the stdy inchixde structured interviews,
checklist quided ctcervations, tnsk analyres, photodocumentation, and maintenance
exrror analysis, among cthers, The resuls indicate a variety of human factos
problems poesent,
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Seninara, J. L, & K Eckert & S Seidenctein, Huran Pactom Methoda for Kuclsar Ceontral
Room Design, Elsctric Powar Resparch Ingtitute, Palo AXo , CA, BPRI NP-11l18-8Y, Jun 1979,

This is the sumnary repozt of the Elsctric Power Ressarch Institute's Project 301-3,
simmarizing four veluses lsted hare individually, Tho cady documented human foctom
techniquzs required to provids a austzined concam for the men-machine intarface fr
om contrul room concept definition to gystem icplomentadion,

Seminsra, J. L. & S K, Bckert, Euman Pactoms Methods for Nuclszr Control Room
Dasign,Vdl., £HP Considerztions, Rlactds~ Powar Reasarch Instituts, Palo Alo, CA, BPRI
NP-1118,501-3, M 1980,

The lsst valume in thg EPRI NP-1118 sares dosls with humzn facthors con=iderations for
advanced control bozxd doeign,  Several topics are advemad: infomation acceczing
achemes, dizplay gystem pramster, informstion océing, dicpley Sormatting, advanced
wamning gretong, hterfaca hemdware, and hybodd cystens, A aumpary of this and the
previonsly listed thres valumes can be found in document EPRI RP-1119-SY,

Seminara, J. L, S. K. Bckert & S, S&denctein, Human Pacters Methods fior Nuclaar Contral
Room Decign,Val. 1:HF Enhancament, Elsctric Power Resaarch Dctitute, Palo AXo,CA, EPRI
NP-1118,501-3, Now 1979,

Tha io tha firrt voluma cf a earizs cf evaluztive reports on human factom in muclear
power plant contmal moe3 pubdlished in recprnta to CPRI HP-209, a huran factors raview
of existing power plant contral mooma,  This repoet concldom humen fochors
enhancorants of exizting mclasr control roene; boand enhancement poodibllities,
maganizations of exdsting cntrol boarda, and an in-depth look at thece buman

factoos anhancement emzplas

Sendars, J, W, & Hd. J. M. Ponsr, A Quuuning Model of Manitordng ¢ Supervisory Behavior,
Monitoring BPehavior and Supszvincry Contial, Planum Press, Naw Yczk, WY, 1976,

The articly mwviews modals to calculnte the staffing requirements and peliakility of
the human-maching inberaction in automated control eattinga, The article s pxt of a
chapter devoted to evisy modals of the human/monitox/ampecvicor,

Shackel, B, Ed, Man-Computer Interaction: Quman Pactoms Aspects of Conputars and Peopls,
Kluwer Boston Inc, Hingham, MA, 1981,

The book i3 based on papers prwmoentad by invited speskers &= the NATO Advancad Studies
Imstitute on Man-Computer Inraction, Papars address topics inclading: conversation
and communication bstween peonls and compubamm, stpects cf hardwors and softwara
intarfaces, training and educeten, crganizational and managedal jemes, modelling

and problem salvirgg, designing for spocialist users, and evalusidon,
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Sheridzn, T. & %W. R. Fexvll, Hen-Hichine Systsme: Information, Caatral & Decidon
Hodsls of Human Pexfotma, MIT Pmees, Canbuddgs, MA, 1981,

A hoavily nmathenetical text, The mature and concludiars of rodels of aman perfomance
dndved&u:n!ntomaﬁmﬁmw contol ihacxy, and docition thoory ere davaloned,

The concern i5 tha dsvelopmant of mthma:imlmﬂahmmictmmm}wiorin
san-in-the-locp control situstions, Topics inclinde:  informetion mezwrenent end
channels; continuovs information; quati-lincsr conttul medsls in the foogquancy donaing
nonlicser pexfrmance charectacisticsy gdgnal dstection) formal cameq,

Sheridan, T. B & G. Jchannesn, Bd,, Monitoring Behavior end Supezvizazy Centivl, Plenum
Pracz, Naw Yok, MY, 1976.

This text is the procesding of the NATO Conferunce Syapodum on Monitoring Behavice
and Tvicory contral, It contalns zany excellaat, ginto of the axt pepom

tha implications of intrediacing incresmed sutcmation in thwe connand and
contxol envircnment,

Sharx, S, Elzctrenic Dixplays, Joha Wiklsy and Sons, New Yok NY, 1979,

A Hghly technicol text focuxing on the clectronics end the phydos of dsplay
devicea, A conpreivntive survey of availlabla electronic dizplay davices and their
charactsd=tica, The frrt chrpber eovidzs a techical discusxicn of human porceptual
factom ond vitusl paramctsns snd thelr ganificonca to diopiay syctes porformance, At
timca, mooapcadations end regqudremconts srsgested by Stoxx e & odds with dmilar
quiizlines in tha ltemtice, A cxong exphsds o the Ghmlay o alphemmerdica,

Shneidsrman, B, Software Poychologyr Humen Pactors in Cc&m‘i Information Syctama,
Winthrep Publishars Inc,, Canbeidge, MA, 1580,

A seninal work in the epplication of prychalogy to tha shxdy of conput't. Surveys tha
Yterature 2nd tous the conputing world from the perpoctive of frtar ~_.ug
peychalogical quxcticna to bs pesxd. Inclixdas the ectivaten for a poenclogicel
gppoocch ard mozaarch mothods, progranuing a3 humsn poxfommance, po-oraniing styls,
scftwara quality evalustion, teom agarizsetion and group proceased, datzbora syetems
anl data models, databese quaxy & manipulation lanjusges, & interoctive intecfacs
mos,

Shnziderman, B., damdware Optons, Bvalundon Metrices, & a Dezign Sequence for Interactive
mf, Informaticn & Manzgemont, Vol 3, 1580, ppv 3-16.

Thiz xticle i3 adapted fron Shosiderman‘s Softvere Peychology.
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Shoatz, W. D, G. A, Tramm & L. G, Williams, Color Coding for Information Location, Human
Pactems, Val, 13, No, 3, 1971, pp. 237-46.

Tha findings in this study indicate color codug for infarmation location i3
effectiva. Search timo of subjects viswing achromatic versu chrematic maps wers
evaluated, The eactivencss of calor appears dependent on the mumbar of cabegedes
coded, dbcriminahility in poripheral vision, and keeping the mamber of

dujects pexr categary &t or beloy 11, Calors should be calected cn the basis cf thair
discrdminebility in peripharal vislon,

Shurtlef?, D. A., How to Make Displzys Legihle, Humun Interface Design, La Mirada, CA, 1980,

An interesting and recent study of hardware and software specifications required to
enmure lihility of computer-genemated dieplaya Conductad by My from 1961 -
1975, the report includes a discusmun of uminance, zxoke width, height-to~width
rato, and gymhal height, '

Siegel, A. L & J. J. Walf, Man-Machine Simulation Madels, John Wilsy & Sons, Inc,, New
Yok, NY, 1965.

A dated but ctll valuahlz wezkk, Tha authors abstract end presant the reaurss of 10
B At o e mﬁnpe:ﬁom::od interparnc

for alternative syston eval whan pereonnsl and interpersonnel
miaticnships 2ra recogmized to be o irportance to total system effoctiveness, A goal
of thoes models i3 to prodict systom efficiancy lavels under vario conditions that
affect the porfomancs o the man-machins systen involved,

Simpecn, H, A Bumzn-Pactoms Styls Gukde for Program Design, BYTE, Apr 1982, pp. 108-31,

Tho impoetant jz=ia strecsed in this human factors articls is to take the user mnto
account when design principles menticnod include:
minimize human memary demands, keep tha program
gimple, match the program to the cperator's skill lavel. Further quidaiines
concentrate on dsta entry and display screen design,

Sinaiko, H. W. & B P. Buckley, EQ, Selscted Papers on Human Factors in the Design and Uss
of Caontrol Syctems, Dov-r Publicaticns Inc,, Now Yoxk NZ, 1961,

Tha fiist peper in this book is a valvahis introduction to the human factors fiald
even though it i~ over twenty years alt, The cther papers are also interesting, but
datad, Eachmvidgaanecceﬁen@hihﬁogmg&ybodmtpdntin@mo. Topics inclidae:
methads for analyzing errars, design philosophy, senecry capabilities, effacts of
acceleration, and measurement of human performunce,
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Sinaiko, H. & E P. Buckley, Human Factors in the Deslgn of Systems, In H.W.Sinaiko®4,),
Selected Papers cn Human Factows in the, Dorer pubtications, Inc,, New Yark, NY, 1361,

The human ccmpoitent & the process of designing oystems is reviewed, Ten

dmct;ﬁsdcscf&annmmpmmtmﬁs&damldeﬁned(mﬁmldimm t-

capabilities for data sensing, data poceszing, motor activity & lcaming, chysical & .
peychological needs, sencitivitieg to physical & social environment, coordinated

acdm & individisl differeaces) and appecpriats systems design conriderations zre

given for each characteristic,

Singlatcn, W, T., R. S. Basterby & D. C. Whitfiald, Proceadings of the Confemxnce on the
Buman Operator in Complex Systems, Tayler & Francis, Ltd,, London, 1971,

AXxhcugh the text is not recent, many of tha contibuted popems ao claceios in the
areas of human factom principles and human-machine interface izue2 in command end
control environments, perticularly process control end industry omtrol mooma.  Topics
Inclide discussions of system decign methods, enalytical “eschniges, methods of
function allocation, moithods of tzok deacripton, ives in trzining, jnba!dsand
maintenance, and miscellanecus «pplicationa,

Smith, S. L., Requirements Definition § Design Guidelines for Man-Machine Interface In C3 S,
Mira Corp, Bedfoxd, MA, NIIS$# ADA037258, Jun 1980,

Smith propoces a pequirements patrix to hulp enare effoctdve software design £
dan-machine interfaiex. Tha functonal capahilities are categorized on the besls of
mquirements for characteristc ucer tacdoy He suggeats that dadgn quidolines fxe
spacific systams can bo tailored wxing this matrix, Moo cairix categores include:
dialogue type; data entry/input; data display/cutputy sequence contxal; wer guidance;
and data transmicsinn/communication,

Smith, D. C., C. Itby & R. Kimball, Detigning the St Usar Itucfacs, BYTE, Arz 1982,
P 242-82,

The Star vror interface i3 an example of formulating tho usar concepts befora tha
softwar written, Ako, hardware specificaticns come afterward. A methodology was
establisued for the design; a tusk an=lynis definad the set of dbjectives ard methads
to ba pmowidad by the naw system. Tha principles vsad in design include: universal
&mmq simplicity, wer tailorsbility, and familiar w2er's conceptual

Smith, S. L., Letter Size and Lecikility, Human Pactos, val. 21, Na. §, 1973, pp. 661-70,

Tmmﬂymlemdzemmghmrymzommfmmrmom
Gisplays, Remults found a mean letrar height: of (0019 red (7 min) at the limrit of
leqgihility, Theore was 90 § leqgihility at .003 rad. This data suppoits current
standards wed for letter size, Adjotments might ke necessary in certain
circumstances,
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Smith, S. L., Ed., Human Dtaraction With Computars, Academic Press, Inc, New Yok NY,

Applications of sciology to computing, The first saction looks at general approsches
o the sy cf people-crientnd computer systems, The second is concsned more
qaedﬂ.aﬂyw:ﬂ:&xetaquu:s&nttnvebeenadoptadmamaberafapplbaﬁm
areaa, The third secdon tums to the muts and bolts of computing, the programning
mzages,mcauédertnwwdmgnmﬂwscmnmmmmphdmdm
Tl;ﬂumnmSysbachmpmm Inccmation Retrieval; ngmmm.ngasCogmﬁve
Actvity.

S:mith, S. L., Man-Machine Gterface Requbements Defirdtion and Design Guidolines Progroos,
The Mitre Ccxp, BadSomd, MA, NTIS$# ADA0Y6705, Feb 1981,

This report extands the wock of a przviows report addreszing the nced for man-icachine
intoriuce requirements definition and cuidalines in the design of computer-besad - ‘
information gystems, Omtoom&mmpwmmumm ' i
Aress coversd includes user characteristics, tesk analysis, functional czpehilities, : i
data entry, saquonce control, and continued development and application, :

Smith, M. X, B. G. Cchen & L. Y. Stemmerishn, An Investigation of Health Cozplaints ar =_
Job Stress in Video Display Operaid, Fuman Factors, Vol 23, Ra 4, Aug 1281, pp. 337-400. , f

part of the IIOSH ehudy, thin mﬁymm&mmhdaqmﬁmmkamw
dealing with worikng conditions, ‘cb ctress facters, health complaints and
mcmgcammmmmwzsommmmmmdlsomwm
Clercal VDT uwsera mcpoeted higher lavels cf job stress and health complaints but
little difference in mood than &id professional VDT coperatars and the control
mbjects, Job cixezsox showed greatest impact on clarical cperators,

Spencer, R. A., “Mzn/Machine Interface Considerations for a 'i‘e'leomtnr Spacecraft Cantral
St", Pmcecdings - 17th Amual Mecting of the Human Factors Society, Human FPactoes Society,
Santa Mcnica, CA, 1872~ 326-333,

Repats cn the do¢ign, mockup, end evaluztion by sinulatdon o a phyaical
configuration for a Telaoperator Spacecraft Control end Display Station, A goad
exenplar for the conduct of human factors dezign evaluations uming rockups and
expenimentzation,

Stager, P. & T. G. Paine, Separztion Discrimination in a Simulated Air Tiaffiz Control
Display, Human Pactors, vdl 22, Ra. 5, Oct 1980, pp. 631-636.

Rchped.ma'tin which terminsl area contullers made separation judgements

mmmw:heﬁnrdhﬂayadpdmafmm&wemmﬁmamﬁmnﬁn

gtandazd separation of 3 nautical miles (nm), Th2 pairs of aircraft varded with

respect to their location, their odentation, and their separation, It was found that

znmeanincrementmsepamhmmqmmdﬁcrdismmmnm wzs 0.14 nm, regardless
map scale.
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S‘ammerihn, L. W, M. J Smith & B, G. Cohen, Evaluat'on cf Wezk Station Dexign Pectoes in
VDT Operxtions, Human Factcrs, Vol 23, No. 4, Auy 19681, pp. 401-412,

Pzt of the NIUSH o’ 7, n - icle describ=s an onsite evaluation conductad at five
establishments using VDT. - -der to examine VDT workstation design, A rmmber of
design problanms wers found, saliding excessive keyboard heights and screed _
poaitioning, A of the cpauators found a mumier of factoss to ba bothersone,
incluiing screen rocdability, mefiscted glore, scroen brightnass, and flicker, A :
mwmmmmmcﬂmr meters wvare found to be related to hoalkth

o

Stammers, R. B. & J. M. BXl, Contraller Evalustion of a Touch Input Traffic Data Systems
An "Indelicate® F, Human Poctors, Vol 22, Na, 5, Oct 1980, pp. 581-590,

Dexcribes 2n evamaticn of a system for data tranefer and dicplay for airport air
traffic control by practicing controllers, The system displays the dita on & singls
ac.een; data tranfer and modification are done via a torch cencdtiva sucfroes o the
goreen, Tha cojectve wes to zocertain tha cpinions and atiitudas of conticllers,
Experimental data wers gatherod by questonnaires and vidso tzpe.

sm P. & R Shneiderma- “xploratoxry Ressarch on Treining Aids for Naive Users of
Interzctive Systoms®, Proccee .. 4 - ASTS Conferoncs, Washington, DC, Oct 1981,

Describes two emlomtory . wpedments in training naive ucers of interactive
bibliographic retrisval eychems, The paper emphasizes the methodalogy of evalusting
training mther than experimental recals,

Stawart, L. J., B D. Muphy & C. M. Mitchsll, Human Factcrs Analy=is of Wozkstation
Deaign:Earth Radiation Budget Satellite, NASA/GSFC, ©~rom Maaon University, Groenbelt,MD,
TM 84943, Dec 1982, :

rwmammummmmmdwmwmmmzm
Radiation Budget Sztellite(ERBS) Mission Operations Room(MOR) zt NASA/GSFC.
Pdndplosﬁorwcdmﬁmdadgnmmvbwedzaqmemlmﬁmﬁarcmdimﬂnga
workstation degign analvais is propoved; a detailed cese study I8 givers
recommendstions for enhancing the ERES MOR are made; and a discusaion of significant
jsmica is inclded,

Sugrman, R., Nuclear Power & the Public Riak, IEEE Spectrum, Val 16, No, 11, Nov 1979,
m 61-69.

This article relates rsk, human emror, and control woom design, Cites studies
indicating that the most prevolent cause o€ muclear incidents resul from human error,
The TMI accident is examined In detail from the perspective of human and design
erors.
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Swain, A. D, Tescriptdon of Buman Fachors Reports by Saadia Nationel Labcratodes, Auvthor,
Mbuquamue 4, Jan 1982,

This annotated biblography containg 63 entdes deecdhing the mmen factom wezk at
Sandis National Lzboratory., It is an excellant scurea document that is up to date,
and providas a lisdng of haxd to locate technical reportn, Topcs covered inclda
mman melishility analysis methodolcqgy, data coliection and management, huzan
perficrmancs data and information, changing people vemsss wegk sitvetions, and safety,

Swain, A. D., Svstem and Tzak Aralyss, A Maicr Tool for Designing the Pexmenncl Subsystem,
Sandia Caoperation, Allnquargue, KM, Jzn 1962,

This doctment discut 28 tha history of System and Tazk Amlymis, and defines the besic
methad usad by humsn factom specialists in conducting these enzlyss, Itis a
somewhst datnd look ac ths topic, but i3 valuabls bocause melevant Jitecatre is
gpaxroe.

Swain, A. D., Human Pactors in Nuciassr Power Plant Operations, Sendia jlztional Labs,
Alluquerqus KM, SANDE0-1837C, Avg 1580.

A hshly readabis pager doecribing some of the upan fachas probiees in nuclaar power
pants end the technclogies which can b u2ed to raduce thege proklors, Swein arques
that many of the cha:zes to irpwve tha huran factoes augineering of exicting ploants
are expendive and that tha gziiad to be experted in humen pelizhility are substontial,

Swain, A. D, & H E Guttman, Handbock of Human Relahility Amalyzis with Erphasis oa
Nuclazr Power Pisnt A, Ssndis Netional Lzba, NUREG/CR~1278, Oct 1520,

Dmaft Repert wrkien to A qualifisd pawons in ovalucting the cffects of huran excr
o the availahility of enginsered eafety fostures and gyetems in mclssr pover planta,
Expends the human emror znalyzis presaated in WASH-1400. Inclides princinles of h
uman behaviar end eryenorics, amalytcal procodures, mathematical modaels, and tuman
exxcr prebabilities dedved from related performance meesures, Tha dsrived
probakbiliias can ba wed to determine the relative merits of diffevent resource

Szaka, K., Practical Consideraticns on the Use of Cclor, Conmputer Sciences Corp,, Silver
Sping, MD, Ap= 1982,

A brdaf (7-pege) memo providing quidance in the use of calor in the computer
generation of graphs, pie-charts, and cther data presentations, Szoka suggests that
aalor highlights information and should be constrained to that use,

Tabor, M., Video Display Terminnls: The Eyes Have Had IM, Occupational Health and Safety,
Sep 1981, pn. 30-38.

This document discusees some of the visual discomforts associated with the usa of VDTs
in the wozkplace. Scme recommendstions for improvement are made,
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Teichner, W, H. & M. J. Kb, Laws of the Simple vicual ReactHon Time, Poychalogicel Review,
vd. 79, Na. 4, 1572, pp. 344-58.

An eanination of peaction Hma recults to a flash of lght in terms of Juminance,
duration, gize of shimulus, mesponze to oneat verses termination of the signal and
monocular verses hinocular viewing,

Topnillar, D, A, Man-Machine Coamand-Control-Communicaticn Simulation Studies in the Alr
Force, Air Foroe Systems Coanand, Aermepace Medical Resaarch Lab, Wright-Pat.APB, OH, NTIS$
ADA 042148, Sep 1976.

Rwthyeamdmn—mdﬁnesﬁ.muhﬁmmamth3McaﬂwbadbthRL
Decizion aiding techniques for tecticel command dzcisdon making conductad by Ohklo

State are cumnmearized, Simulations inclide: BUIC I, AWACS, end RPVS. A compazson of
ks cbtzined with maldime man-in-the-loop slmulations with computer cimulations
uming a Syctems Inbegrated Network of Tezcs GAINT) nmodel predictions are flustrated
to demonstrate the power and utility of iberating computer with moal-time simulatien, -

Tullis, T., An Evalustion of Alchamurerc, Graphic, &nd Color Infcrmation Dizplays, Human
Pactors, vdl. 23, to, 5, Oct 1981, pp. S41-550.

Paur CRT display formats wara evzluated for a talsphons lne testing gy tem; the
fornats ware: namcotive with complete wonds and pheeces, structured with tobular
format, hlack and whita orzphics cohomatie, and a color graphics schematic, The
evalnzﬁmmmnadsmedaxﬂmmcy Acouracy Gid not vary uith format but epsed
Rmﬁwixb@gnp&mmmmwmumﬁmfnr&n
namﬁ.va. With practce, rerpongse time for the struchmed format wene as short,

Twrkington, C., Ccaputess in Class: Who Gets to Leam?, APA Momitor, Vol 13, No. 6, Jun
1982,

This article in the American Prychalogical Astociation's nawepeper addresdes gseveral
social isoues brought cut by incressad use of conputem, especially in the clasaroom,
Whether o not children of all excial-econonde backgrounds will have zccess to

computars, the ezze with which children learmn to uza computeazs, and the educadonal

and psychaological leaming implications are discuased,

Umbers, L. G., Madals of the Process Operator, Intamational J. of Man-Machine Studies,
vol 11, 1979, o 253-284.

This articls presents a review of the process control literature epioring varous
aspects of the human cperater which inclixie: characteristics of human contral
behavicr, devalopment of process centxol sxills, individual differences bestween
process cperatom, tesk factoms which affect performance, and the organization of
ocontral behavicr, The review concludes that an informaticn pmoceing approach basad
on protocal data seems to be the most fruitful technique for modelling the human
process contraller,
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Uil;iemcsd, G., Ed, Strategies of Mformation Procesaing, Academic Preas, New Yook, NY,

Ana:caﬂmt,bmaimdswofﬁn&wyofstmhsgi&ﬁmhﬁmmaﬁmm.
Inﬁozmaﬁmgmc@ngcfaavenluzmydmmebhadﬂm&ndasmmml '
cognitive behavicrs, from a stratedies spproach,

Underwocd, G., Ccncents in Information Procemiing Theaty, in G. Undervocd(Ed.), Strztegisn
of Information Proceming, Acadsnic Press, New Yok, NYZ, 1978, mpn 1-22.-

Anwmmmmmmmmmmmofmh
mewmmmmmmwﬂmmw
information proceszing, T&abgicmdwﬂﬁnqstyhmstmightﬁa:wmﬂmaldngm
mj:yahhreadimﬁcrﬁnkypemmvenmmmydnbgist"-

Uuai.gswi.n.,nrmr'“.vofvm;'mm Lawrence Erlbeum Associates, Inc,, Filladals
NJ,

mmmwmmmmmmmmm,m _ !
satefmentalmmmhgﬂnﬁcﬁmuhdmof&mempm&agmlmy
dv&:almandptmomﬁmbook'sgoalhh;zwideadmsiﬁmﬁm
m&atmmmmmmmmmammmma
comprehensive intellectuzl schome through metatheory, Macgive work (1096 pages), Quite
technical, with 63 prges of references in small typa,

Van Cott, H. P. & M. J, Warrick, Man a3 a Systen Component, in VenCot &
Kinkade(Eda.),Eumen Ergineering Guids to Equipmen, McGraw-gill, Co., Rew Yak,NY, 1972,
m 17‘39-

This i3 an excellent chapter in a valushle source book. Tha huran ia viewed from an
mmmwm@umm&mmgm

Van Cott, H. P. & R. G, anhde,l?.d,numnzn;ineedngmmemnqubment&ﬂgn,
McGraw-Hill Ca, New Yok, NY, 1963,
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van Bekhout, J. M. & W. B, Rax3e, Buman Poxrs in Detection, Diagnosis, & Compenmaticn for

Paﬂ::l?-gﬁummrmmdsmsum & Cybemetics, val, SMC1l, lio, 12, Dec 1981,
o o8 G.

This study was conducted In o simulator (0 s2e how 7 crews of officers handled the
task of coping with failures, Meczures inclided verbal peohocol,computer logs, znd
questionnaire, Resuks chow exxors invalving wrong indontifiertion of the Coilire

were related to ignomance of functoning of the gystem, Poxrs malated to procedrs

correlsted with control peacl layout insdequecies, More specific operator training is

Vvan Nes, P. L. ¢ E. Boums, On the Legibility of Segmented Numeorals, Human Pactas, Vol 22,
No. 4, 1980, p. 453-474.

This resaarch concemns the diccriminability of segmeated mmerals uweed in medom
technalogy (CRTo) Saven cegmented rumsrals con ba confumsd, hsttwydiffmdinm
line segments, porception inproved, A ext of rucerals is presentod that

discriminability and mome clooely rerembles traditionsl mimeral shapen, 'rwungcn
thess naw ghepes not yot posformed,

VML&J..WmMGumWMpQVDU&
Applied Emyononics, vdl, 12, Ko, 1, 1981, pn. 39-45.

Bar graph precentstions of process variahles zre compared with altemetives
(stroke-typa and 'T'-4ype, combinad bar and dacks) in expericents with humen
sibjects, wing eithar an sutomatic gids or a clooed circuit TV gyzboem,
Ths sixoke-type applars to give superict reuls when uged foxr detecticn of
off-normal conditiona,

Walden, R. S. & W. B. Roxs, A Queueing Malel of Pilot Decidion Making in a MuPd-Task

‘Flight Manzgement T, JEEE Trans on Systams, Man & Cybemetics, vl SMC-8, Na. 12, Dec 1978,

. 867-775,
This article locms at the problem of allocation of

mor.itoring task, T&Wmmmm&mﬁuamudandmm

Webb Amacc., Anthropometric Saurce Book, VAlIll: Annctated Biblicgraphy of Antlwopomatry,
NASA/Jchneon Spece Center, Hoetan TX, NTIS$ N79-13712, Jul 1978.

Valume III cf the szt i3 an annctated hibliography covering a broed spectrum of topics
melavant to spplied physical anthronology with emphzsis cn anthropometry end it
applications in sizing and declgn, This series of reports is not only a comprehensiva
miaaiﬁcmﬁmpometﬁcdammmoaguﬂemunmmmﬁm
of auch
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Webb Amcc., Anthropomstzic Souwrcs Dook, VAlll: A Handbook of Anthrepometric Deta, P
NASA/Jchneon Space Center, Ecauston TX, NTIS¢ N79-13711, Jul 1978,

voluma II o€ the thres valurmg get containg data from surveys of military and civilian

populaticns of both cavos from the UGS, Eurcpe, &ad Adia, mzssm
vezizhles are defired and flisteated.

Webb Amicc, Anthropormetric Samoes Beck, Vall: Artircpometry for Declgnem, NASA/Johneon
Spece Centst, Hoxton TL, NTIS§ N79-11734, Jul 1978,

vadume I of a 3 vclums publication which zings together a large mass of
anthropometris data which dofine the phyzicsl size, muxm distributdon propeeties, and
dynamic capebilitios of U.S, ond calected frowign zdul posulations, Aldmed
Wmmmm&mmwmwmmm

of clothing, end workonacea for the NASA Spece Shuttls Proqon, tha ocries
is degigned to be of uza to human englincers in a vids varsty of flelds, Includes
physical data,

Weger, C., Iswis Psper—High-Dengity Alphanumsric CRT Displays, NASA/GSFC, Grecnbelt, MD,
Sep 1982,

rlﬂsbadmftofmmhamﬂm&tmmgsgemmmﬂbyCoams&m
camﬁm&d:@ng changing necds of MSOCC-1 &3 it moves into the TDRSS era,
in pardculor, the changing configurations £ hardwere and sciware,

Weitzman, C., Distributed Micro/Mini Computer Systens, Structure, Inplementation, & Applica,
Prontice-Hall, Inc,, Zglnwocd CULF=NT, 1960,

Clezr ol extenzive eatment of distribubed ar "rubi“meosstcr gyotens,
concentrating on the intercomnact srchitecture of multipzocessar systema, Covers
network scftware and hardvare, znalyses of existng products, and practical dedign and
tradacff procedures. Appendices dafine a mimber of data link control protacdis
Notevorthy for Wiatzman's discvesion of the GSPC POCCHNET oystem &8 an appiication
exarple, including paquirements, design sppmoech, exror-handling philosophy, and a
comparative evaluntion,

Welfoxd, A, T., Perceptual Selaction and Integmaticn, Bxgonomics, Vdl. 13.Nc.1,1970,
B 5-23.

A good, ut sorewhst dated review of tha Eterature pertaining to ths perceptual

mdsﬂecﬁmmmtethmcfmrmﬂm Implications for display
design are considarad,

Wharry, R. J., The Human Operater Simulator HOS, ucrﬁt.cdng Behavior & Superviscey Contxal,
Plnum Press, New Yok, NY, 1976,

rmmmawmmmumwmmdmmmmmm
in a vadety of tmalm, Inpat inclidss hand roaches, contral device menipulations, eye
ghifts, and intemal decixion, Outpxtsmchxzedbtnmdmammncescftzak
times, devices, and body parts used,
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Whitficld, D, R. G. Ball & G. Onl, Some Human Pactams Aspects of Computer-Aiding Cencepts
for Air Tzxffic Contro, Euman Pactees, Val, 22, No. 5, Oct 1580, rpyv 569-560,

Sets out tha philcsophy of a program of computar-aiding concepts for the ACT's
Gecizion mzking, Rewviaws early work on tha computer-zaitted appronch ssguencing
concept for a major sirport, The main topie is the Interactive Candict Reschition
concept fior apslsting the enroute controllar in conflict dstecton and rEcolution,
Repotts a reel-time sinulation expariment in which ezch of 3 pairs o2 controllam
actedl &8 2 executive/support team in handling traffic samples in a busy ssctorn

Whiting-0'Ke, 2 M. % C. G. xmsuﬂydtbaﬂumn-m-uadﬂmmmchndogyin
the POCCy, SRI, Gmenbelt, MD, Projzct 6387, Oct 1977,

This i3 a final repcet from a WASA-Goddard sponsored messrch project conducted by
SRL A faidly chollow study, reconmendations focuced en hzrdwavre davicas for
interaction znd G=ta basa technologies,

Willams, T J., &1, PxtVI Guidelines for the Demign of Mzn/Maching Interfaces foo
Process Contro, Purdus Lab, for Applied Ind, Control, West Lafayette, IN, NTIS$ ADAC35457,
Jon 1977,

This docurent is Pzxt VI of a sx valume sot pemuling from the Intermaticnzl Pundus
Waddchop on Industrdal Cemputer Syctems hold over cight yesrs (1969-1677). It
addresmes overall oporztiona mquirements, control centsr requirements, man/machine
interface dezign factors, and implomentation, The document is in gquideling format and
a good hiblicgraphy is inclided,

Willlama, R, D,, Tha Management of Software Development, TRW.

This docunent is a set of view graphs uzed in a TRW preeentation to Gaddard management
addresning *The Hanagemeat of Scftware Development.

Willizes, B, H. & R. C. Willigas, Uger Consideraticns in Computer-beead Information Systens,
VPI/Induetrial Ergineering/Operation, Blacksburg,VA, NTIS§ ADA1C6194, Sep 1981,

Ttﬂshecbdcalmpmthacompﬂaﬁmdvaﬂasme:cmﬂdemﬁmmlaﬂngw
gofivare design of computer-bared information systems, Thirteen scurce documents were
simmarizad and 500 specificaticns/quidelines inclided, Major topics ares data
ayanizaticn, diaglogue modes, wser input devices, command lanquage and command
frocesting, feedback and exxror mansgement, security and disester prevention, and
multiple user communication., This is a helpful document for system designers, :

Williges, R. C., Applying the Human Information Procesming Approach to Human/Computer
Interact, in W.C. Howell & EA. Fhmhmna!ch.),ﬂumn Performance and Pr, Lawrence Edbaum
Amsociates, Hilladala, NJ, 1982,

An interesting examination of human infermation processing issues

regarding
human/conpater interfaces, Uger roles are classified as student, cperator/analyst,
and programmer, suggesting that different users require different interfaces.

316

e he e W eaken i an



L e

L TP A

e e nim ety
e n g e p——g R T s . o
P e e e T e TR 3 : ?

T A I YN mea b e o a8 I .- RN BT Y o
'3

ORIGINAL PAGE i3
OF POOR QUALITY

Williges, R. C. & W. W. Wirvills, Bechavictal Measures cf Ajrerow Mental Waklozd, Humen
Pact:rs, Vol 21, Ro. 5, 1979, pn 549-574,

This article provides sn integmated weview of behavioral worklozd messures criented to
flight test and evaluction areas, Resulks indicate there iz no single meamure of
mental worklozd, B@Wmindﬁaxx&mmmmmjzﬁwmm
gspars mental capscity, axd physiclogical comaln

Wimmer, W., Remcta Contral of Satellitos and Applicd Automsation, Eumpean Space Operations
Center, Darmstadt, PDR.,

This paper provides zn intmduction to the automatic instrument contzol inplemantsd in
the Ewopacn Spece Opemitons Center (ESOC)

Witten, I H, Communiczting with Micro-Computers, Academic Press, Rew Yok, WY, 1980,

Introduces the non-epecialist with zore electronics knowlndge to the technalogy of
communicating with microcommibars, Covers hamiveare elameats of micrenrocene,
sommumnication yres, ond variows microcomputer interfaces, including DMA, graphics
davices and speech recognition devicea, A elender bock (158 text poges) which
provides a bazic overview for the newcomer and review for the experienced.

Wahl, J. G., Mzintainability prediction Revizited: Disgnostic Behavior, System prL:dty,,
IEEE Trane on Systems, Man & Cybermctics, May 1982,

Uaing repair Hime for corplex sy=tems and equipment, it was hypothesized that repair
time could be relatnd tn the way in vwhich maintenance techricizns interact with the

taxﬂanis,equ:pmentdesgn,dmi:pm:ﬁmm aﬂdigmsncmﬂmm
discussed,

Waohl, J. G., Irfformation Automation & the Apallo Prmogram: A retrospective, IBEE/ASMC
Tmansactions, Nov 1981,

Using the Apcallo progrem a8 a cae in paint, the author {lustrated some of the
preblems caweed by the introduction of automaticn into complex human-machine systems,
The examples demonstrate how the computer can be wed to serve human needs for -
mal-time infermation management, processing and display in ways which ..ecp pecple
very much "in-the-~loop®,

Woodson, W. E, Human Pactars Design Handbook, McGraw-fiill Inc,, New Yok NY, 1981,

Ane:mndvemﬂmmely&nmx;htextpundm;himaumaxﬂguﬁehn&fm&e
design of systems, facilities, equipment and products for aman use. Topics inclvde:
system conceptualization, subsysten de:nqn, component and product design,
anthropometric data, and human enginecring methods,
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Woak.Wom Bd,, Waming:Health Hezaxds for Office Woxkers, Waking Women Educaticn Pund,
Cleveland, OH, Apr 1981,
Thizs report adéresses haalth znd safety immues in the office, It discumaes Job

mes,video&splaymmumh,drquautymdmﬁhmd&gnpmmsmmdm
euls of a exvey oo working women's office health and mfety,
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CHRISTINS M. MITCHELL
Decision Sciences Faculty 8510 Westover Court
George Mason University Springfield, Virginia 22152
4400 University Drive (703) 569-3675
Fairfax, Virginia 22030
(703) 323-2779
EDUCATION

Ph.D., The Ohio State University, Industrial and Systems Engineering, 1980.
DISSERTATION: The Design of Computer Based Integrated Information Displays.

M.S., John Carroll University, Mathematics, 1975.
THESIS: Estimation of the Weibull Parameters by the Method of Maximum
Likelihood.

B.A., University of Dayton, English and Mathematics, 1972,

RESEARCH INTERESTS

Modealling and Design of Human-Machine Interfaces
Design of Computer-Based Information Systems
Computer-Assisted Problem Solving

Discrete Event and Real Time Simulation

PUBLICATIONS

Mitchell, Christine M. and R.A. Riiller, "Design Strategies for Computer-Based

Information Displays in Real Time Systems," Journal of the Human Factors
Society, submitted for publication.

Mitchell, Christin® M. and R.A. Miller, "Formal Specification of the Relations
Defining Model Validity," Proceedings of the 1932 Internaticnal Conference in
Cybernitics and Control, Gctober ,1932.

Mitchell, Christine M. and Greenland, Arnold, "Simulation as a Tocl to Assist in
the Design and Analysis of Decentralized Control Systems," Proceedings of the
1982 International Conference on Cybernetics and Control, October ,1552.

Mitchell, Christine M., "Human Factors Dimensions in the Evoluticn of
Increasingly Automated Contro! Rooms for Near-Earth Satellites," Proceedings of
the 26th Annual Meeting of the Human Factors Society, October, 1982,

Greenland, Arnold and Christine M. Mitchell, "Simulation of Decentralized
Control Sys.em," Proceedings of the 10th IMACS World Congress on System
Simulation and Scientific Computation, August, 1982,

PRECEDING PAGE BLANK NOT FILMED 321

B s S ¥

. g
et aan s s an »‘,-A!;‘(-'Jni

a———mrm uiras



s e e e mea s

. ORIGINAL PAGE iS
OF POOR QUAUT\'

Mitchell, Christine M., Paula M. Van Balen, and Karen L. Moe (Eds.), Proce+dings
of NASA-Goddard Symposium on Human Factors Considerations in System Design,
NASJA Conference Procesdings CP-2266, 1952,

Mitchell, Christine M., Alexander Bocas*, and Lisa J. Stewart, "Guidelines on
Ergonomic Aspects of Control Rooms and Highly Automated Environments," in .
Proceedings of NASA-Goddard Symposium on Human Factors Considerations in
System Design, Mitchell, Christine M., Paula M. Van Balen, and Karen L. Moe
(Eds.), NASA Conference Proceedings CP-2246, 1982,

Mitchell, Christine *A., "Human as Supervisor in Automated Systems," in
Proceedings of NASA-Goddard Symposium on Human Factors Considerations in
System Design, Mitchell, Christiae M., Paula M, Van Balen, and Karen L. Moe
(Eds.), NASA Conference Proceedings CP-2246, 1982, _

Mitchell, Christine M., Lisa J. Stewart, and Alexander Bocast, Human Factors
Aspects of Control Room Design, NASA Technical Memorandum, 1982.

Mitchell, Christine M., "Human-Machine Interface Issues in the Design of
Ir. reasingly Automated NASA Central Rooms," Proceedings of the 1982 Annual
Conference on Manual Control, 1982, , ‘

Mitchell, Christine M. and R.A. Miller, "A Conceptual Framework for Model
Validity," Proceedings of the 1981 International Conference on Cybernetics and
Society, October 1981,

Mitchell, Christine M., Human-Machine Interface Issues in the Mulitisatellite
Operations Control Center (MSOCC), NASA Technical Memorandum, 1981.

Mitchell, Christina M. and R.A. Miller, "A Systems Oriented Approach to-
Information Display," Proceedings of the 1980 International Conference on
Cybernetics and Society, October, 1980,

Miller, R.A., Christine M. Mitchell, Rajendra Nalavadi, Anant Misal and Chang
Feng-Chang, Finite State Models of Manncd Systems: Validation, Simplification
and Extensions. U.S.A.E. Office of Scientific Research, Report No. AFOSR-7/9-
0015), 1980.

PROFESSIONAL EXPERIENCE

 DECISION SCIENCES FACULTY. September 1980 to present. George Mason

University. Assistant Professor of Decision Sciences: Graduate and
undergraduate teaching in the areas of information systems, operations research,
and statistics.

DEPARTMENT OF INDUSTRIAL AND SYSTEMS ENGINEERING. January, 1979
to August 1980. The Ohio State University.
Instructor: ISE 534, "Introduction to Operations Research and Industrial

Engineering." :
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NATIONAL REGULATORY RESEARCH INSTITUTE. May, 1978 to April, 1979.
The Ohio State University. ,

Research Associate: Coordinated, modified anc mplemented RAm, a
computerized financial analysis model used in the regulation of electric utilities;
developed and offered a training program for RAm to the staff of state public
utility commissions. :

DEPARTMENT OF INDUSTRIAL AND SYSTEMS ENGINEERING. September,
1977 to June, 1973. The Ohio State University.

Teaching Assistant: ISE 760, "Systems Theory;" ISE 435-436, "Introduction to
Mathematical Statistics," ISE 750.01. "Introduction to Stochastic Processing."

INTERNAL AUDIT DEPARTMENT. July, 1975 to August, 1976. The Federal
Reserve Bank of Cleveland, Auditor: Conducted on-site anclyses of procedures
and personnel to ensure proper control and efficiency; reviewed and critiqued all
statistical proposals such as sampling procedures; technical liaison to various
internal departments. .

MATHEMATICS DEPARTMENT. September, 1973 to June, 1975. John Carroll
University. Instructor: Taught "Intro~ ctory Calculus with Business Applinations"
(two course sequence); assisted in "E’ ~mentary Fortran" and “Introductory
Statistics.” '

AWARDS AND HONORS

IEEE System, Man and Cybernetics Society Award for the Outstanding Paper
Presented at the 1981 Outstanding Paper Presented at the 1981 International
Conference on Cybernetics and Society, Octoker ,1982,

NASA/ASEE Summer Faculty Fellowship, 1981, ,

Graduate Student Alumni Research Award, The Ohio State University, 1930.

University Fellowship, The Ohio State University, 1576. .

Leonard A, Mann Award of The Outstanding Senior in the College of Arts and
Sciences, University of Dayton, 1972, -

B.A., Cu-: Laude, University of Dayton, 1972,

HONORARY AND PROFESSIONAL SOCIETIES

Alpha Pi Mu, The Industrial Engineering Honor Society
Pi Mu Epsilon, The Mathematics Honor Society

The Institute for Management Sciences (TIMS)

The Human Factors Society v
American Society for Engineering Education (ASEE)
Association of Women in Science (AWIS)

Institute for Electrical and Electronic Engineers (IEEE)
Software Psychology
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LISA J. STBWART
George Mason University 3327 Lauriston Place
Decision Seiences Pairfax, Virginia 22031

4400 Urniversity Drive (703) 698-9268
Pairfax, Virginia 22030 A

(703) 323-3549

BDUCAT.ON

M.A., George Mason University, Industrial/Organizationai Psychologzy, 1982.
APPLIED THESIS: Human Factors Issues in the Design of Command and Control
Systems.

B.A., William Smith College, Psychology, 1980.

RESEARCH INTERESTS

Human Factors in Command-and-Control Envxronments

“Human Infermation Processing

Statistical Anslysis
Management and Orgenizaticnal Dwelopment

PUBLICATIONS

Stewart, Lisa J., Elizebeth D. Murphy, and Christine M. Mitchell, Human Faetors
Analysis of Workstation Desien: Earth Radiation Budyet Satellite Mission
Operetions Room, NASA Technical Memomndum, TH 84343, 1582,

Mitchell, Christine ., Lisa J. Stewart, Alexander K. Bocast, and Elizabeth D.
Murphy, Human Factors Atneets of Control Room Desizn: -Guidalines and
Annotated Bibliography, NASA Technical Memcrandum, TM 84342, 1982.

Stewart, Lisa J., "Conceptual Models of Information Processing," in Proceedings

of NASA-Goddard Symposium on Human Sectors Considerations in System Design,
MitoSet, Christine ., Paula M. Van Balen, and Kcren L. 14o¢€ (Eds.), NASA

Conference Proceedings CP-2246, 1987, N

Mitchell, Christine M., Alexander K. Bacast, and Lisa J, Stewart, "Guidelines on
Ergonomic Aspects of Control Rooms and Highly Automated Environments," in
Proceedings of NASA-Goddard Sympesium on Human Factors Considerations in
System Design, klitenell, Christine M., Pcula M. Van Balen, and Karen L. Moe
(Eds.), NASA Conference Proceedings CP-2246, 1982.

PROPESSIONAL EXPERIENCE

DECISION SCIENCES. May 1982 to present. George Mason University.
Research Consultant: Analysis of workstation design for tr.e Earth Radiation
Budget Sateliite Mission Operations Room; researched, prepared, and presented
two papers at NASA-Goddard/Symposiurn on Human Fectors Considerations in.
System Design; developed and wrote research proposals; responsible for
administrative co-ordination of NASA Project at George Mason University.
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DECISION SCIENCES. Jeanuary 1982 to April 1982. George Masun University.
Graduate Assistant/Research Associate: Coordinated and conducted an extensive
literature review of human factors issues in the design of ecommand and control
systems and jointly authored the resultant annotated biblicgraphy, helc charter
membership in NASA-Goddard Space Flight Center's Human Factors Group,
coordinated design and development for a NASA-Goddard/George Mason
University Symposium, "Human Factors Considerations in System Design."

FPAIRFAX COUNTY PUELIC SCHOOLS: November 1980 to December 13981.

Fairfax County High Schools.
Substitute teacher: Taught English and English as a Second Language. managed

classroom activities and wrote reports on daily accomplishments, listed as
preferred substitute by Falls Church High School.

RDA CONTAINER CORPORATION. June 1975 to August 1979.
Administrative assistant and production employee: Five summers of progreasively
responsible experience within an industrial setting.

AWARDS AND HONORS

Invited Membership, Outstanding Young Women of America.
Dean's List, William Smith College. -
New York State Regents Scholarship, York Central School.

HONORARY AND PROFESSIONAL SOCIETIES

Psi Chi, The National Psychology Honor Society
Human Factors Society

Human Factors Society, The Potomae Chapter
Software Psychology Society, The Potomae Chapter
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Alexander K Bocast . OF POOR QUALITY office: (703) 323-2455
: home : (703) 671-3478
Education '
1979~ Doctoral student: Public Administration end Public Policy, Virginia
Polytechnic Institute and State University. Dissertation field:
administrative policies for extraterrestrial development.

1978 M.S. Systems Mznagement, University of Southern Califcornia. Specialization-

Systems technology and federal systems acquisiticn management.
1974 B.S. Systems, University of Califcrnia, Santa Barbara. Specialization:

Similation and modelling.
Professional Skills

policy analysis systems analysis human factors analysis
program & project management modelling & similation writing & editing
MIS design & development caiputing , forecasting
Computing Skills
scientific programming lanquage & translation interactive graphics
interaction technicues file management development environments
documentation environments luman factors » interface design
Programing Lanquages '

FORTRAN & RATFOR Pascal BASIC
IBM OMS EXEC 280 & Z80SCION (Assemtler) SCIGRAYH (Graphics)
DYNAMO (Simulation) IBM TSO & JCL

Machines
IBM 360 & 370 & 4341 SCION MicroAngelo & MightyAngelo (Graphics)
TRS - 80 Model II HP2000 CYBER 720 (NOS)

Professional Experience

1981~ School of Business Administration, Decision Science Faculty, George
Mason University, Fairfax VA, Instructcr. Teach graduate and under-
graduate courses in information systems and camputing (BASIC, FORTRAN,
Pascal). Qurrently working for NASA/Coddard Space Flight Center on
project to prepare Human Factors Guidelines for GSFC Automated Control
Rooms. Member of the GSFC Humnan Factors Research Group. Invented the
Power Region Selection interaction technique.

1980-1981 Department of Computer Science, Graduate Program in Camputer Science &
Applications, Virginia Teach, Dulles VA. Instructor and Program
Director. Management of the Computer Science graduate program for
Virginia Tech in Northern Virginia. Taught graduate courses in data
structures and programing systems., using Pascal.

1979-1980 Center for Public Administration and Policy, v:l.rginia.:(‘ech, Dulles VA.
Center Associate. Development of Cenlter programs in research and
executive development. Began co.ntmuing research in the nodellmg of
recursive logistics systems.

1979- Design Services Group, Inc., Arlington VA. - President. Information
system and software consulting. Clients have included the U.S.Army,
small kusinesses, and a graphics system manufacturer.

1976-1979 General Research Corporation, McLean VA. Senior Analyst. Project and
task management. Primary support for ELIM-COMPLIP,  the official Army
manpower programming system. Resource allocation studies. Statistical
and time-series modelling. Systems design and implementation.
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1975-1976

1975

1974-1975

1974

1973-1974

1971-1972

- 1969-1970
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Projection mathodologies and systems. Cost and utility studies. Proposal
and report writing. In~house instructicn in progranming systems.

Econcmic Policy Office, Anti-Trust Division, U.S.Department of Justice, |

Washington DC. Econcmic Research Analyst. Statistical research end

RO

develomrent of data bases. Development of statistical evidence for anti=-

trust prosecutions.

Delta Dental Menufacturing Co., Colorado Springs CO. Project Systens
Analyst. Develomment of manazement pla:ming tools to fm-eca..t resgurce
requiremsn

Goals for Global Scciety, Depart:xmt: of Fnilosophy, State University of
New York, Geneseo NY. Faculty Research Asccciate. Research in world
models for the Club of Rame, including Meadow's "Limits to Growth"
model. Project administraticn.

Community and Organizations Research Institute, Department of Economics,
University of California, Santa Barbara CA. Research Assistant.
Development of data in support of NIE study, "University Resources in
the Producticn of Educaticn: A Model of Individual Student Choice,”

Dr3. MoGuckin end Winkler.

Chancellor's Office, University of Cali.fomia, Santa Barbara CA.
Assistant to the Executive Vice-Chancellor. Research and reviews in
academic administration and in educatiomal delivery systems. - . -

Chancellor's Office, University of California, Santa Barbara CA. Student
Intern. Assisted in development of specific proposal for implementation
of the U.C. External University program.

Loyola Industries, Inc., Los Angeleﬁ CA. Design Engineer. Design and
prototyping of physical packaging fcr power control cquipment.

Menborshios

Member, American Society for Pablic Administration
Member, Association for Corputing Machinery
Member, Humen Factors Society, Potomac Chapter

Civil Service Eliaibility

GS-14 Program Analysis Officer
Security Clearances [

t of Defense (Secvet) DL:m, 1977-1981.

Nuclear Requlatory Camission (L type) NRC 1977-1979.
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PERSONAL DBIBLIOGRAPHY

(With others) The Extended University = A Proposal for Implementation, University
of California, Santa Barbara, 1972.

On the Modeling of Values and the World, invited paper, .!inth Conference on Value
Inquiry, Geneseo NY, Spring 1975.

w/ Anthony J. Fedanzo, Jr., Goals for Global Society: A Third Generation Report to
the Club of Rome, Technological Forecasting and Social Change, Summer 1975.

AUTO User's Manual for OLS Regressions, U. S Department of Justice/CSC-Infonet
Government Users' Library, 1976.

Development of Utility Functions for Life-Cycle-Cost Attrition Models, General
Research Corporation, 1977.

w/ Jan Hillman, Expansion of the Naval Delayed Entry Program, General Research
Corporation, 1977.

(With others) Develo Nt of Methods for Analysis of the Cost of Enlisted
Attrition, General Research Corporation Report, 1977.

IRIS: Information Retrieval for the ELIM-COMPLIP System, General Research
Corporation Report, 1977.

(With others) Analysis of Selected Military Carpensat:.on Issues, General
Research Corporation Report, 1977.

(With others) Study of the Development of Qualification Requirements, Training
Programs, Career Flan and Methodologies for Effective Management and T.oaining -

of Inspection and Enforcement Personnel, Task V: Autcmated Personre. :-.:ta Base
System Specifications, General Research Corporation Report, 1978.

Strurtured Programming Using FORTRAN Without the GOTO Statement, General Research
Corporation, 1978.

(With others) Design and Development of ELIM-IV/COMPLEX-G3, General Research
Corporation Report, 1978.

Projection Capabilities of the Qualitative Factor Development Module for ELIM-1V,
Design Services Group, DSG-R7901, 1979.

Distributions of Accessions Among Characteristic Groups Within the ELIM-IV QFDM,
Design Services Group, DSG-R7902, 1979.

Users and Operators Guide to the Qualitative Factor D:velopment Module for ELIM-IV,
Design Services Group, DSG-R7903, 1979. .

Discretionary Authority: The Bycl Case, United States Secret Smice, Senior Aaent
Training Program, 1980,

Implementation of Exponential and e-fit Phasing Techniques, with Notes on
Exponential Targetting of Smoothing Constants, Design Services Group, DSG-R8001,
1980.

NASA and the Elephant, Insight, National Space Institute, June/July 1980.

The MIS Bureaucracy and Decision Making in the Public Sector, paper presented,
ASPA National Conference, April 1981.

280SCION: A 280 Assembler for the Preparation of SCION Graphics Downloads, TM8201,
Copartment of Corputer Science, Virginia Tech, 1982.

SCIGRAPH: A High Level Irrplenentatmn of SCION Graphics Primitives and Functions:
User's Manual, TM3202, e.ad Maintenance Manual, T™8203, Department of Computer
Science, Virginia Tech, 1982.
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AKBFORT: A Programmer's Library of FORTRAN & RATFOR Procedures, TM8204, Departmant
of Camuter Science, Virginia Tech, 1982.

Extensicns to OMS for a Program Development and Documentation Environment, TM8205,
Department of Carputer Science, Virginia Tech, 1982.

Protocols for Interactive Dialoque undsr O4S FORTRAN: A Kumen Factors Approach,
TM8206, Departwent of Camputer Science, Virginia Tecn, 198z.

w/ Christine Mitchell & Lisa Stewart, Guidelines on Ergoncmic Aspects of Contrul

Roams and Highly Automated Enviromments, Procesdings: Human Factors Considerations

in System Desigqn, NASA/ GSFC Symposium, May 25-26, 1982.

Information Display and Interaction in Real-Time Environments, Prcceedings: Human
Factors Considerations in System Design, NASA/GSFC Symposium, May 25-26, 1982.

Information Management, in Handbook of Organization Maragement, William B Eddy,
editor, Marcel Dekker: New York, forthcaming.
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BLIZABETH D. MURPHY

George Mason University 3267 Rose Glen Court
Decision Sciences , : Falls Chureh, Virginia 22042

4400 University Drive ~ (703) 532-8580
Fairfax, Virginia 22030 :
(703) 323-2783

EDUCATIOR

M. A., George Mason University, Industrial/Organizational Psychology, 1983.
M. A. T., Wesleyan University, English and Education, 1966.
A. B., Cornell University, English, 1954,

RESEARCH INTERESTS

Human Fectors in Command-and-Control Environments
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