


FOMWOW

Traffic management centers are increasing in number and are receiving significant upgrades to
respond to growing congestion in the roadway system. This growth in traffic management
activity entails the installation of more and different types of traffic sensor and control systems.
The integration of these systems leads to greater dependence on automation and intelligent

systems to monitor and process large quantities of data, to assist decision making and to control
traffic. In turn, this growing reliance on automation raises human factors issues on how traffic
management operators share tasks with automation rmd what kind of environment is necessary
for their work to be effectively completed.

This document provides human factors guidelines and other information to bear on these issues.
For instance, chapters are provided for job design, the user-computer interface, workspace,
controls and displays. Sections are also provided on the systems engineering design process. As
traffic management centers coordinate with each other to devise new strategies and to meet
regional traffic demands, new issues md new perspectives on the role of the human in traffic
management will evolve. It is anticipated that these guidelines will form a basis for tiher

examination of future operator requirements and thus continue to support effective user-system
design.

Michael F. Trentacoste
Director
Office of Safety Research and Development
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1.1 The Advanced Traffic Management System

The Advanced Traffic Management System (ATMS) will play a pivotal role in intelligent
transportation systems (ITS) by efficient, real-time management of the traffic system.
ATMS roles include adaptive signal control, road access control, rapid incident response,
adaptive traffic rerouting, and communication with drivers through in-vehicle and
external communication media. The ATMS is the instmment of effective traffic control in
a given ITS service area and the Traffic Management Center (TMC) is the “brain” of that
system.

In order to design such a complex, major system effectively, it is important first to
document the mission and objectives of that system. This is often best accomplished
through detailed discussions with pote~tial managers and users of the new system. Based
on discussions with a large number of TMC managers, designers, and vendors, we have
defined an “idea~ TMC mission as:

Facilitate the safe movement of persons and goods, with minimum delay,
throughout the region of influence. ’46)

To support this mission, the group defined the overall functional objectives of an ideal
TMC in the following terms: ’46)

1. Maximize roadway throughput. This will be accomplished by distributing the
traffic load over time and space to control congestion and other traffic delays. It
will also require successfully meeting objectives 2-5.

2. Minimize impact of roadway incidents. The ATMS will accomplish this in two
ways: by reducing the probabili~ of incidents (accidents, stalls, debris) and by
reducing travel delay associated with incidents that do occur.

3. Assist in providing emergency services. The TMC will assist in providing
emergency services by incident detection and verification, incident notification,
coordination of multiple responses, and modification of other elements of the
ATMS to improve emergency response. This may include emergencies near the
roadway (e.g., stmctural fires), as well as on the roadway.

4. Contribute to the regulation of demand. Maintenance activities, and major
incidents may temporarily reduce the capacity of roadway segments. Special
events may generate traffic levels that greatly exceed normal roadway capacity
The TMC may reduce the resulting congestion and travel delay by influencing
demand. Using the numerous available information channels, the TMC can
encourage drivers to reroute trips, reschedule trips, or use alternative modes of
transportation.

5. Create and maintain public Confidence. Underlying all these objectives is the
unavoidable need to maintain public confidence in the traffic control system. The
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TMC must be viewed by the public as a source of accurate and usable
information. System emors that produce incomect or untimely information lead
directly to a lack of compliance

ITS technology that suppofls A.TMS TMC design will include — as a minimum — larger
numbers of more capable sensors, automation of routine procedures, computerized
decision-making aids, and more effective means of influencing traffic flow and driver
decisions. There will be demmd for higher technology in all areas including a powerful
drive toward as much automation as possible.

During the coming decades, ATMS TMC’s will emerge through one of two processes:
Evolution of existing, lower te+shnology centers through gradual modification of existing
equipment and procedures, or fiesign and construction of TMC’s from the ground up.
Each approach has its advanta[~es and disadvantages.

Most cities now have existing, older centers for signal control, maintenance and other
lower-technology functions. A few have pioneering TMC’S, designed in the 1970’s and
1980’s and ready to consider modernization and increased automation. ModemCzation
might mean implementing new signal controller software, a more extensive network of
closed circuit television (CCTV) cameras, or the integration of freeway management with
surface street control networks.

The design process for upgrading existing systems will be more challenging in some
respects than that for replacinj; them. Physical limitations of the existing facilities (e.g.,
space and equipment interfaces) will complicate efforts at modernization. The example
below describes a typical modernization problem.

CASE STUOW MORE CAPAIBILIWSHOULDNOT IMPLYMORE MONITORSANDKEYBOAROS

The signal control center in the major city was pleased with their years of experience using signal
control sotiare and hardware from Vendor A. [t drove th(e signal timing on half the ci~s major
intersections. It also drove the displays on all the graphics monitors on the TMC console as well
as the color-coded lights on the big-board map display. Managers decided to start the [move
toward ITS technology by doubling the number of instrumented intersections in the nebNOrk. The
contract was awarded to Vendor B who promised full sotware compatibility with that of Vendor A.
Only afier installation was it discovered that the “B’ sensors and controllers could not be made to
communicate with the “A’ monitclrs and map display, Information on intersections in the “B
system had to be computed and displayed on a separate computer placed against the side wall of
the control room and out of the operators’ normal view, severely limiting its use. While the
software incompatibility would nclt seem to be a human factors problem, its pfimary symptoms,
increased workload requirement!;, certainly are.

Whether remodeling existing facilities or building a new TMC, a filly successful
program requires designers to recognize the central role of the human element in the total
system. One major theme of tl]is document is that user-centered design is a wise
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alternative to design processes that are chiefly technology-driven, However, knowledge of
the process of user-centered design is not as firmly established as traditional alternatives.
Therefore, before moving directly to the application of the guidelines contained in this
document, the desi~ team should have a thorough understanding of how the human
operator is incorporated into the design process.

1.2 Human Factors Engineering in TMC Design

The success OfATMS operations ultimately depends on how the human operator interacts
with the system devices. The human operator is a critical component whose capabilities
and limitations must be integrated into the design and operation of the TMC. Therefore,
an important opportunity for overall system improvement cOmes from user-centered
design, i.e., design specifically to support human performance. This document contains
numerous examples gathered during the period of research that provided the basis for the
work; many examples illustrate the cost of ignoring or misapplying human factors
principles; others show significant successes in their application.

1.2.1 What is human factors engineering?

Human factors engineering can be defined as collecting data on the physical and mental
characteristics, capabilities, limitations, and propensities of people and using this
information to design and evaluate tools, workplaces, and other things that people use
with the goal of increasing their efficiency, comfort, and safety, More simply, it is making
the job fit the operator.

Histo~ and range of application of human factors engineering. Human factors
engineering became firmly established as a separate discipline during the Second World
War, During that time, the proliferation ofhighiy complex systems (most particularly
aviation systems) stretched human capacities to their limits in so many areas, and with
such urgency, that a new category of researchers and practitioners came into being.

Human factors practices and standards have become a major consideration in many
design areas, particularly those in which the human/system interface is critical to overall
system effectiveness, safety, and convenience. Human factors research and
recommendations address such issues as ai~lane cockpit displays and controls, military
system design, nuclear power plant regulation and evaluation, and consumer usability
issues ranging from instructions for videocassette recorders to the layout of automobile
dashboards.

1.2.2 Scope of human factors in TMC design,

The principles and methods of human factors engineering should be applied to TMC
design in a broad range of areas. The sections belOw iist areas in which the design team
should possess knowledge and expertise. If knowledge in any of these areas is lacking in

1-4



the resident design staff, consideration should be given to adding a qualified human
factors design consultant to tht team. Each of these areas is the subject of a specific
chapter, as summarized in Secdon 1.3and Fiwre 1-1

@ Designing to human requirements. The design team must be able to apply the
methods and practices of human design to the TMC at the appropriate points in
the design process. Th(: concept of iterative, user-centered design is central to
meeting human requirements. This process stresses tools and procedures (task
analysis, flow charting,, operational sequence analYsis, finction allocati~n> link
analysis, rapid protot~)ing, mockups and simulation, and test and evaluation) and
their systematic application at the appropriate points in the design process.

~ Analyzing functions, tasks, and human/snachine systems. The design team
must analyze the fictional requirements of the TMC in a way that focuses on the
user, on how functions are allocated to human and machine, on how human tasks
are analyzed and described, and on how to plan the TMC to enhance human
performmce.

@ Designing to reduce h~nman error. The design team should have a practical

knowledge of human error. Mistakes appearing in the human part of the system
often have tieir origins in design flaws. These can have a significant impact on
TMC operations, and they comprise the least understood aspect of design for most
managers and enginee~rs.

~ Designing to support human performance. Constraints to human per:formamce

should be formally co]lsidered by design teams that include a human factors
engineer. Design decisions may profoundly influence the probability of operators
making correct decisic>ns and maintaining appropriate human control over the
system. Most active monitoring and intervention by the operator in the ‘TMC
involves cognitive (mental) functioning. The design team should understand the
nature of arousal, fati~ye, memory, attention, and decision making and their
interaction with design aspects of the TMC.

@ Applying the principles of job design To create a smoothly functionirlg TMC,

the design team must how and apply the methods and considerations for job
design. Effective job design reduces errors and their consequences, provides
motivation to operators, paces work appropriately, and divides work evenly across
teams that operate together.

o Applying the princiF}les of anthropometry. Anthropomet~ (the measurement of

human operators’ ph~icai characteristics) is a science that often is invisible until
deficiencies appear. Problems that result from ignoring anthropometry might
include uncornfortabls, poorly-designed work chairs; inadequate leg and knee
space at work stations; displays that cannot be seen bscause of poor line-of-sight
from operator positions; work-related injuries and co~lditions (e.g., repetitive
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stress disorders such as carpal tunnel syndrome, fatigue, lower back pain) that
accompany poor physical design of fimiture and accessories.

@ Applying the principles and standards for displays and controls. The
human/system elements of the TMC are closely concerned with displays and
controls. Poorly designed displays induce errors (because information is difficult
to read and inte~ret), fatigue, and inefficient system response to changing traffic
conditions. Poorly designed controls affect operator errors, communication,
accuracy of output, and operator confidence,

@ Applying the principles and 5tandards for workplace design. The design team

must apply the knowledge of afithropometry, displays and controls, and other
considerations to the physical design of the TMC workplace. Illumination,
physical arrangement, fimiture selection, temperature, noise levels, and work
stations are important factors.

@ Applying the principle3 and standard3 of user interface with information

3ystems. As TMC’s evolve, computers will become increasingly important. The
user interface, information displays on monitors and input devices such as
keyboards, can be designed i~ accordance with numerous existing standards. The

design team must be able to select the appropriate interface type antior specifi the
characteristics of the information systems that will channel and display
information in the TMC, Poor interfaces promote errors, delay effective traffic
control actions, and create frustration that reduces the operator’s confidence in the
technology of the center.

@ Applying the prissciples and standards of user aids. The design team must be

able to provide the required job aids for the operator, These include user manuals,
online help, quick reference guides, and mnemonic devices designed to promote
accuracy, reduce the probability of error, and make the operators confident of their
ability to intemene appropriately when human decisions and actions are required.

@ Applying the principles and standard3 of data presentation. The presentation

of data is critical in helping the operator understand the status of the systems, the
state of traffic flow, and the range of appropriate actions. The design team must be
able to apply principles of data presentation, data fusion, and clarity and economy
Of display,

1.2.3 User-centered design avoids costly mistakes

All too frequently, the design of facilities such as TMC’S begins with an initial
assessment of what the avaiiable technolob~ can do. Sales calls and literature from
vendors, visits to existing TMC’s, and exhibits at trade shows provide exciting glimpses
of the state-of-the-art in ITS technology. Sometimes the results of this assessment lead to
very earIy procurement decisions for the new TMC’s central system components. Only
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late in the process are the actual performance requirements and operator tasks for this
specific TMC considered in detail. k the end, the human operator is expected to pull
eve@hing together and make the system work.

Sometimes the attraction of new technology is so strong that desiawers allow it to drive
the design process. Frequently, for example, there is a tendency to see automation as the
ultimate design goal of ATMS evolution. Unfofiunately, this view is not supported by
experience, and can cause operational problems when it is allowed to bring undue
influence on design goals.

h one operational ATMS, for example, an expert designed in an automation scheme in
which the support system would detemine the “best” pattern of changeable signs to
present to motorists; and the qperator would review the automatic decisions and. could
change them after they were innplemented. After the system was fielded, it was :found that
the system often could not distinguish between roadway maintenance equipment working
in a closed lane and wrong-way drivers in the traffic lanes. The error resulted in automatic
closure of a large area of freeway. This problem arose from a faulty allocation of
functions to a higher than feasible level of automation. This common design flzw was
allowed to develop because the emphasis was on the technology rather than on lthe total
system. Ultimately, the design was changed to give the support system initial
responsibility to detect an anomaly but to require operator consent before a drastic traffic
management tactic was implemented.

Technology-based approaches to design may cause very significant problems in. TMC
development:

@ Systems are specified before requirements are understood. Many of the
examples cited in this document result directly from specifying components
before understanding what they are supposed. to do as part of the total system. k
the example below, designers over-emphasized technological possibilities and
under-emphasized identifying system requirements.

A CASESTUDYINTECHNOLOGY-ORIENTEDDESIGN

Procurement officials for the new ATMS had reviewed the state-of-the-art in TMC systems and
were prepating a draft request fc)r proposals. The team had been patilcularly impressed with a
video wall they had seen in a (yet unopened) TMC that could integrate, perhaps, Wo dozen
monitors to provide a single, Iar:le picture. The team felt ‘that important uses might be found for
such a display and it was, therefore, specified aa a central feature of the control room. Later, the
team discovered that, by concentrating on technology rather than requirements and functions,
they had neglected to define TMC information output methods for controlling congestion. The
team expressed hope, however, that a local radio station would agree to carry their congestion
reports until additional funds COLlldbe found for a VMS network. No analysis had been done on
the number of operators needecl to staff the center, operator selection criteria, operatc)r jobs, or
the equipment needed to do those specific jobs.
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@ Early design errors are difficult and costly to correct. A common and very
fundamental design flaw that plagues, TMC’S is the tendency to specify the
dimensions of work stations without considering where information is to be
displayed in other parts of the controI room. k more than one TMC now
operating, personnel at work stations are unable to see critical displays such as the
banks of CCTV monitors and “big board’ displays that show real-time traffic
conditions because console tops and other clutter are in the way. h almost every
case obsemed, the work consoles were well designed from a human factors point
of view for an environment in which they could be self-contained,

~ The human component of the system is ignored. Even when many functions are
automated, the human role is crucial. A technology-centered design process is
insensitive to these cases, Designers must keep in mind the range of situations that
cannot yet be left to automation. These include:

# Failures in the automated system logic due to unforeseen circumstances (for
example, the support system that interpreted maintenance activity in a closed
lane as a wrong-way driver and closed the freeway),

~ Circumstances that cannot be detected by sensor systems but demand
response (as in an airpkme crash adjacent to the freeway that required freeway
closure to all but emergency vehicles).

/ Automation malfunctions that require fall or partial degradation of the TMC
to a manual mode due to software “bugs” or even a complete computer
“crash.” This is a frequent problem with automated systems, and requires
planning to allow the system to “fail gracefully” rather than force a serious
loss of function while operators recognize the problem and assume manual
control,

@ Human error is ignored. Human error is a factor often ignored in technology-
oriented design. It is important to note that even computer systems that provide
reliable and accurate information can promote system errors if they are difficult
for humans to use, Researchers found almost unifomly that engineers involved in
the design or management of advanced TMC’s tend to define error in machine
terms — as faulty system output, While human error was recognized as a factor in
some TMC operations, there was little idea of how to plan for its reduction in the
design process.

@ The TMC does not support the exercise of human judgment. h many cases,
the critical factor in responding to a crisis is the judgment of the operators. If the
design of the TMC ignores the efficiency of operator actions, or makes such
actions too time-consuming or complicated, the total system may fail to respond

appropriately when it is needed most. In technology-centered design, this problem
is often unrecognized until it appears under operational conditions.
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@ The TMC architecture does not match the traffic management problems.
Another common problem is the temptation to acquire high-technology solutions
for which problems are scarce, For exampie, a small TMC that monitors a short or
relatively uncomplicated road network will gain little by installation of a dynamic
“big board.” Such displays are most useful if multiple operators or supervisors
coordinate to make decisions based on patterns too complicated to visualize
without a display.

1.2.4 Human factors and user-centered design

k spite of the drive toward full automation, the operator will remain “in the loop” and a
key player in the total system until such time as automated systems can sense, intewret,
and control all the myriad of variables in the environment that influence traffic jflow. ‘2)
While routine operations such as posting congestion warnings can proceed now on the
basis of automation, the worth of a TMC will often rest on the ability of the operator to
intervene successfully in response to special requirements such as a major incident. This
ability will rest on whether the total system has been designed with the user’s needs in the
foreground. Here are the majo]r elements of user-centered design:

@ The design focus is ori the operator, not the designer. This is easy to illustrate.

Consider the revolution]] in documentation for computer software. b the 1970’s
and 1980’s, the “user” {ofan application, whether a word processing syst,:m or a
graphics program, was ill-defined, User manuals, where they existed at all, were
difficult to use, crammed with jargon and abstruse computer concepts. LJsually,
the writer wrote from the perspective of the designer rather than from the
viewpoint of the user who would actually have to decipher the instructions before
using the programs. The reason was that software developers are often too close to
the underlying processes of writing programs to see the world as the user sees it,

Development of user-centered interfaces and user-friendly documentaticln
emerged as a tooi for developing a competitive edge. Many manuals for popular
contemporary applications are very carefully executed and are the result of user-
centered design. If they were not, the customers would tend to buy another
application.

The TMC is faced witl~ a different competitive environment, but one just as vital,
Efficient operation of traffic management depends on operator effectiveness as
well as technology, and most of all on that part of the system in which the human
and machine components must operate together. The TMC’s primary “customer”
is the driving public, and a TMC designed without the operator in mind will create
the same sort of respo~[se in the driver as poor documentation creates in the
computer user,

~ The selection and acquisition of configuration items is based On validated
functional requirements. A “validated requirement” is a functional ca~lability
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(e.g., identify sensor locations at which occupancy exceeds 30 percent during a
running 2 min. period) that has been fomally stated and obj ectiveiy evaluated.
There are many kinds of “invalidated requirements, the most common being
traditional practices and presumptions that are carried over from one design
evolution to the next,

~ The process is iterative. Systems are best developed through an iterative process,

in which design is tested and validated in a series of stages. This is particularly
important in a system like the TMC, where design iterations will often uncover
problems — and oppofiunities — that are not apparent until they are viewed in the
context of the total system. However much some designers might like to consider
human factors engineering to be the rigorous application of common sense, tl]e
fact is that common sense is always clearest in hindsight. Iterative design allows
for the shortest and least painful hindsight.

@ The process extends throughout the TMC life cycle. The fact that a new TMC

has been built and put into operation does not suggest that it is “complete.” As
TMC managers and operators are aware, changing traffic conditions, amended
responsibilities, improved technology and lessons learned have a way of obliging
the TMC to evolve. User-centered design should continue throughout the life of
the TMC.

ANOTHERCASESTUDYINTMC DESIGN

User-centered design, despite its obvious advantages, has not been the rule in c~ntrol room
development in general, or in the TMC in parOcular. A discouraging example of this unevenness is
documented in descriptions of a European traffic signal facility of some complexity. Duting the
data collection phase of this program, obsewers visited a new “ground up” facility and the older
system it was to replace. The older center had evolved through a user-centered approach, with
many exce!lent design features and procedures put in place by the operators or at the operators’
request. The new center, however, showed little evidence of retaining these user-designed
features and procedures in its development. In the analysts’ view, important lessons were lost. ’75}

Advantages of user-centered design. While user-centered design techniques may seem
complex and costly in time and effort compared to the simpler approach of buying a
package and entrusting its integration and ultimate satisfacto~ operation to a vendor,
experience amply demonstrates that the time and effort are well spent. User-centered
design offers very clear advantages like those listed below:

@ Task and function allocation are based ocs total system. Technology-based

approaches focus On the purchase of the most sophisticated systems, not the most
aPP~OPriate ones. A TM~ produced by designers who have not given appropriate
attention to the system as a whole — which means, in most cases, applying

appropriate emphasis to human factors issues — will not perform as desired. The
user-centered approach will be more likely to identify the problems and
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opportunities that surfaoe when the interactions of system components are viewed
as a whole.

@ System deficiencies are identified early in the proce5s. As a general rule, the
later.in the development process that a problem is identified, the greater the cost
(in dollars and delay) required to solve it. Iterative user-centered design reduces
the likelihood of a problem going unrecognized beyond the point in desi;gn at
which it could be easily corrected. Without this focus, the work that should have
been done early in the ~]rocess will have to be done later and at added cost in
resources, frustration, and loss of confidence in the system.

@ Best use made of human resources. As we discuss at length in later chapters,
some functions are best lefi to automation, while others are best allocated to the
human .in the loop. When the traffic system is stressed, the human contribution
transcends routine monitoring and becomes cmcial to traffic management To
leave the operator as the weak link in the system is to invite disaster. Uscr-
centered desi~ is intended to counter this problem.

1.3 Human Factors Guidelirle Contents

This document contains the following kinds of information:

@ Expository informati(m and background. Each chapter includes info~mation

that provides for m understanding of specific guidelines. Some may seem overly
complex or academic, others may seem to be recitations of “common sense.” The
more complex sections address background that cannot be ignored without a
demonstrated risk of misapplying a guideline (The examples that remain. were
often the result of intense discussions by the writers, editors, and reviewers).

@ Guidelines and reference materials. Most of the chapters provide a number of
specific design guidelines that can be used to identify important design issues and
to assist in making design decisions. Many of the guidelines are accompanied by
explanatory information to provide their rationale and to support their application.

O Glossary of terms. Unfamiliar terms are defined as required when they first

appear. However, because it is unlikely that a user will read the docume]~t from
cover to cover, we havl: included a glossary of terms to allow reference when a
technical word or phrase is encountered.

@ Otfser available references. Following the last chapter, and cited in the text as
required, there are reftirences to information sources. These references may
provide insights to topics that have not been explored in sufficient detail. for
satisfactory applicatiocl to a particular problem.
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The document is organized in thirteen chapters, each addressing a distinct topic area. As
summarized in Figure 1-1, the information content of the chapters includes the following:

Chapter 2 provides a step-by-step summary of the user-centered TMC design process. It
starts with defining the mission and functions of a proposed TMC, proceeds through the
workplace and job design, and ends with methods of test and evaluation to evaluate
alternative solutions and to ensure that the desired performance is attained.

Chapter 3 provides more detail on the initial analysis process used to define system
functions, operator roles in those fanctions, and specific operator tasks.

Chapters 4, 5, and 7 summarize mental and physical characteristics, capabilities, and
limitations of human operators that should be taken into account during detailed design of
the TMC and the jobs to be performed in it.

Chapter 6 describes how TMC jobs (e.g., task assignments and work schedules) should be
designed to take these human characteristics, capabilities and limitations into account,

Finally, Chapters 8-13 provide details of human factors design guidelines and
recommendations for the TMC environment and equipment. These maybe used in
designing TMC configuration items (e.g., procedure manuals or custom visual display
software) or in evaluating vendor proposed items (e.g., computer monitors or operator
seating).
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1.4 The Audience and the Scope

One of the most important decisions made in the development of this document was the
definition of the user. There are many existing models for possible guideline styles
already in existence and serving a variety of audiences. Some are intended for use as
references by human factors engineers, some as evaluation tools for inspectors, some as

guidelines for system specification. Some emphasize legal requirements, some provide
wording for specification of system attributes, and some are virtually encyclopedias of
human factors knowledge. None of these models proved entirely satisfactory for the TMC
design environment because the intended audiences were not appropriate.

1.4.1 Intended for the TMC design team

No single person will design a TMC. The composition of a design team will vary, but will
generally be drawn from these sources:

@ State and local DOT engineers developing procurement specifications.
@ General contractors responsible for designing aud building a new TMC or

renovating an older one.
@ TMC hardware and software developers and vendors.
@ TMC managers and engineers designing TMC upgrades,

@ TMC operators who serve as subject matter experts.

@ Human factors engineers who are members of the design team.

1.4.2 Assumes limited team knowledge of human factors

We presume that most members of the TMC design team will have only sketchy
knowledge of the benefits, processes, and practices in human factors. Most users will
have a strong background in other engineering fields such as civil engineering, traffic
engineering, architecture, and computer science, However, it is strongly recommended
that a qualified human factors engineer be included on the design team.

1.4.3 Intended for use with minimal reliance on Other sources

Our surveys of existing TMC’S suggest that human fa:tors references generally applicable
to control room and related designs are neither present nor readily available to TMC
design teams. This document is intended to provide stand-alone support wherever
possible.
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1.4.4 Intended for existing and ,evol.ving TMC’s

New TMC’S are under development and many existing TMC’S are in the process of
evolving into ATMS-level facilities. This document is intended to serve the needs of all
levels of development: legacy TMC’S, migrating TMC’S, and ATMS TMC’S:

1.5 How

Legacy. TMC’S include facilities that are equipped and configured in the style of
the 1970s and 1980’s —- essentially, first generation TMC’s with relatively low
automation, limited scope of operations, aging systems, and no immediate plans
for extensive modernization. This document can be used by these facilities to get
the most out of their existing resources while waiting for the next developmental
step.

Migrating. TMC’S are those presently in the process of modernization from
earlier missions, standards, and equipment toward the goal of ATMS capability.
The guidelines in this document provide material for modifiing equipment and
procedures with frequent reference to the experiences of TMC’S in the m.igrato~
process. Many current TMC’s were built for surface st~,eet operations, New
ATMS facilities will ccmbine streets, highways, and intermodal ITS fun:tions.
This document will assist those TMC designers that are expanding their activities
to cover new finctions.

The ATMS. TMC is still evolving and developing. Widely accepted standards
and architectural conventions for the ATMS facility have not yet solidified, and it
is likely that the experiences of design teams that use the first edition of this
document will be amorg the richest sources for the learning processes that will
inform developers of later editions as well as the next accepted definition of an
Advanced Traffic Manngernent System. A selection of lessons learned is included
in the document so that. the development of later facilities will avoid rediscovery
of others’ mistakes and successes.

the Guidelines werf: Prepared

Preparation of this work required the efforts of a number of experienced human factors
engineers and traffic mmagement experts. It will help the user of this document in
understanding why it is organized and written in the :present form if we review the
process that guided its develo~}ment.

1.5.1 Definition of requirement

To help define the TMC designer’s needs for human factors guidelines, the requirements
analysis included an extensive survey of a number of information sources. It should be
emphasized that the design of the guidelines document was user-centered in its
philosophy and process. To define the user requirements, we:
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1.5.2

V~sited existing TMC’S. Members of the team inspected sites in the United
States, Canada and Europe, conducting interviews on TMC design methods and
operations, collecting lessons learned, and observing operations.

Surveyed existing human factors guidelines. The resources included works on
human factors engineering such as textbooks, the Human Factors Design
Handbook, Depatiment of Defense handbooks and Military Standards, National
Aeronautics and Space Administration (NASA) and htemational Standards
Organization (1S0) standards, nuclear regulations, and private sector guidelines,

Conducted formal surveys of human factors information needs. This
collection included questionnaires and fomal personal interviews with managers
and operators at multiple sites.

Coordinated with a user group of TMC managers. Early in the design process,
we designated a user working group composed of managers and engineers from
selected representative sites. This group has met and corresponded reWlarly, and
has reviewed the document in its various drafts, providing a user perspective.

Sources of information and guidelines

The principal sources that provide the guidelines and background information to meet
these defined requirements for this document include:

~ TMC experience arnd practice. This information was gathered during the
requirements analysis phase (and continues to be generated). Many of the
common guidelines for human factors engineers are eloquently stated in these
practical insights, and have been added as guidelines where they expand or clarify
more generally-accepted standards and rules of thumb.

@ Lessons learned during design and operation. The wise designer learns from

the mistakes and successes of others. The requirements analysis yielded a wealth
of examples of practices and design aids that will be helpfii to any TMC desi~
team.

@ observations from site visits to TMC’S. Human factors engineers often detect
lessons and opportunities that the TMC managers and operators would miss. TMC
staff members become accustomed to minor annoyances and problem
workarmmds. Frequently they are unable to attribute an identified problem to its
ultimate source. Outside observers prepared to evaluate activities and facilities
from a human factors perspective often identify important human factors issues
and design deficits that insiders never notice.

@ Research in a TMC simulator. A series of human factors experiments was
conducted in a high-fidelity simulator of a generic advanced traffic management
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1.6

center. The simulator provided up to four operator workstations, CCTV monitors
and controls, a large-sc]reen projection display, graphics computer monitors and
keyboards providing access to various automtted support systems, voice
communication system>, and simulated cellular telephone calls. Experiments
covered design questions that surfaced during visits to existing TMC’s and
discussions with their operators and managers.

@ Existing references. Many of the guidelines are adapted from human factors

references in wide use. TMC control rooms share many common features with
other facilities that hav,: similar roles (e.g., air traffic control centers, military
command posts, nuclear plant control rooms). Some human factors guid~lines are
virtually universal in their application. k addition, we surveyed the current
literature available in textbooks, corporate guidelines (e.g., work station standards
used by International Business Machines), and the journals of scientific research
in the field.

How to Use the Guidelines

This document is organized for systematic reference and use. ‘While design Wid.elines
serve as the foundation of the tiocument, a simple list of guidelines can lead to
misapplication of the information and suggestions unless the desi~er understan~ds the
rationale and technical context. This book is much more than a compendium of
guidelines. To make this a use~ble document, guidelines are accompanied by didactic
material intended to provide cuntext, rationale, and implemeni:ation ~idance.

Also, the usefulness of the document will be significantly increased if it is employed with
the guidance and review of a human factors engineer, at least at critical points in the
design process (See Chapter 2 for suggestions on the critical points of user-centered
design). It does provide the information necessa~ to guide designers to the key issues,
and to assure that designs make the best use of human resources and avoid common
mistakes. But it is best used as an adjunct to professional knowledge.

Most, but not all, chapters contain specific design guidelines. These design guidelines are
embedded in the explanato~ text but are easy to identifi because they appear in a distinct
typeface and are marked by a reference number. Guidelines are referenced by the chapter
in which they are cited and by their numeric sequence in that chapter. Guideline 8/25, for
example, is the 25th listed guiieline in Chapter 8 (Display Devices).

There are three general categories of guidelines in this document, principles,
recommendations, and obsenadons. These guideline classes are based on their origin,
their criticality to operation, and their status in general regulatory and human factors
practice.

~ Principles. These are taken, often verbatim, from widely used and acce]?ted
standards — military k~andbooks and standards, NASA Standards, Nucli:ar

1-17



Regulations, and commonly used texts and generaI handbooks of human factors
engineering. Some of these standards, at least in their original context, have what
amounts to the force of law behind them — particularly those in such crucial areas
as nuclear and occupational safety and health. In all cases they represent common
approved practice.

8/34 Warning Light Wsibiiity (Principle; 425)

Warning lights should be visible from the widest possible viewing
angle.
Warning or aleti lights should not be recessed in panels; a recessed light
will be hard to see except from directly in front of the display.

This is a simple statement of a commonly-accepted principle for the design of
panel displays that include warning Iights. If the light is recessed, it maybe
visible only to an observer seated directly to the front of the display. Since
warning lights must be easily noticed to be effective, it makes sense to design
them so they are visible from a wide area. This practice is reflected in a number
of sources; the wording used here is taken from, Human Factors Design
Handbook, by Woodson, Tillman and Tillman (Second Edition, 1992). “25)It is
also found in one form or another in MIL-STD 1472D, Human Engineering
Design Criteria for Military Systems, Equipment, and Facilities and other
handbooks, standards, and relations. ‘;s)

k this goideline, as in most, explanatory text has been added to increase the
guideline’s usefulness. The added discussion is identifiable because it is not
rendered in boldface like the guideline itself, but is in a distinct saris-serif
typeface,

@ ~eco~~e~~at~o~s based on research. AS a relatively new discipline, the body

of knowledge in human factors engineering is rapidly changing and expanding.
There me countless cases in which peer-reviewed and published research results
suggest new design recommendations and guidelines. This is particularly true in
such areas as information systems and their associated humanlsystem interface.
In such cases, the most reliable published research and other peer-reviewed
recommendations were gathered and crafted into appropriate guidelines for tbe
TMC.

This was not an easy process. Many published experimental results had not been
available long enough for replication and validation. h fact, such guidelines
were added only when they addressed an important design issue that was not
covered by more seasoned standards.
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This example from Chiipter 11, illustrates a reference to recent research:

11/50 Selection of ~(erbs (Recommendation; 51)

Select action verbs as command names.
For example, “save” is considered a better command name than “file” for
specifying the action of retaining work for later use. One reason for this is
that “file” is both a noun and a verb and users typically think of the noun
first. ‘rSave” is less ambiguous.

The parenthetical (Recommendation) on the guideline title indicates that this is a
provisional guideline based on recent research and that it has not undergone the
rigorous review and testing required to make it a principle.

Suggested practices based on observation and TMC experience/ lessons
learned. Quite a few very topical guidelines emerged from the site visits and
interviews; many were too good to pass up even if they are not derived directly
from experimental data.

This ~ideline, from Chapter 8, is of the “observation” variety:

—.

8/1 Amount of Detail on Display (observation, ! 25/.

Avoid excessive df?tail on the large map or status board.
Leave the detail to c)perator displays. Packing in detail usually requires
reduction in size of individual characters and symbols, which are hard to
discriminate in a TMIC control room environment. This is particularly true
for video-projection displays, which at present have an inherent\/ limited
resolution.

This particular point came from a widely used reference(125 — Heananfactors
Design Handbook) as well as from our observations of display formats in
several TMC’S. However, it is so general thatit is not usable as a guideline
without other, more specific, information (in this case, precise principles for
character size and readability, which are referenced). The principal difficulty is
that “too much detai~” is hard to define as a general role; it depends on the level
of training and experience of the operator, the style and purpose of the display,
the task loading, and other variables. The explanatory text is added in this case
to place this rather va;gue design principle in the context Of the TMC “~lig
board.”
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1.7 A TMC Design Scenario

An overview of the process by which a fictional TMC might be developed is used in this
section to provide an example of the requirements oriented, user-centered design process.
k this overview, important points at which involvement by human factors engineering
specialists should be used are indicated. The reader is also referred to the specific sections
of the document in which methods used by the human factors engineering consultants are
found.

The following sections describe one specific design scenario for a city with unique traffic
problems, unique objectives, and unique evaluation criteria, Other ATMS applications
and objectives may easily lead to different design approaches and decisions.

1.7.1 Defining the Environment

Bayside is a fictitious small city of a million or so population in the Midwest. An
interstate highway runs north-south through the city just west of the prospering downtown
area. A major, divided state highway crosses Bayside west to east runs just south of the
downtown and terminates at the lakefro~t. A large university in the center of town,
southwest of the interchange between the interstate and the divided state route, is a major
traffic generator, especially during special sports events and concerts. A second traffic
generator is a beach resort area and amusement park on the eastern edge of the city that
attracts boti local and vacation traffic. A regional airport 19.3 km (12 mi) north of the
city center is not a major factor in the traffic flow.

The layout of arterial streets and highways is basically a grid with on-off ramps to the
interstate and divided state route approximately every mile. Morning rush traffic creates
congestion in the southbound interstate lanes and the eastbound divided state route lanes
as commuters approach the downtown and university areas. Evening rush hours are
reversed with northbound and westbound congestion. Rush hours experience an average
of five minor incidents (one lane blocked) and one major incident (two or more lanes
blocked).

Major events at tie university create substantial congestion around parking lots, surface
streets and frequently spilliflg back onto the interstate, Fine summer weekends frequently
produce backups as much as 4.8 km (3 mi) long on the divided state route as it nears the
lake shore area,

Weather is a significant factor in traffic flow. During the summer, frequent heavy
thunderstorms create accidents and congestion. During the winter, fog, ice, and snow are
common and create incidents and congestion. hclement weather cm easily triple the
number of incidents experienced.

City and state transportation officials have determined that certain elements of an
advanced traffic management system would likely be effective in reducing some of the
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traffic problems. A combination of sensors, communication devices, and control devices,
all operating through an advanced traffic management center is envisioned.

Numerous steps are required in the design of the ATMS. The steps in a requirements-
oriented, user-centered design process are detailed in Chapter 2. The process described
generally follows the flow of activities shown in Figure 2-1. Some of these activities can
be perfomed by the traffic engineer, civil engineer, or architect without need for human
factors engineering guidance; in other steps, emplo~ent of a human factors engineer can
pay long-tern dividends.

It should be noted that this design process is an iterative process of design, review,
testing, and refinement at each step. The earlier in the design process that corrections and
adjustments are identified anti made, the smaller the cost in money and time to make the
changes.

1.7.2 Advanced Traffic Managenlernt System Mission Analysis

The initial step in the missiori analysis is to document the system objectives and
requirements. The objectives of the Bayside ATMS are defined in terms of solving
identified traffic management problems. System recluirements then are defined to
describe, without defining specific hardware, the steps by which the objectives shouid be
met. These can be defined by local traffic engineers or by traffic engineering consultants.
Expertise in human factors engineering is not a prerequisite for this step.

System objectives for Bayside, based on a listing of tWical traffic management problem
scenarios, would include, but not necessarily be iimited to the following:

~ Minimize inbound rush hour congestion.
~ Minimize outbound rush hour congestion.
0 Reduce the impact of incidents on traffic flow.
@ Reduce effects of summer thunderstorms on congestion and incidents.

@ Reduce effects of snc,w and ice on congestion and incidents.
@ Reduce congestion related to inbound and outbound university stadium special

events traffic.
~ Reduce congestion related to inbound beach traffic.

e Coordinate maintenance of ATMS infrastmctnre.

For each of these objectives, requirements for information collection, information
processing, response selecticm, and decision execution are then derived. For Eayside’s
identified objectives, these nmight include:

Minimize inbound rash hour congestion.

@ Measure traffic speed and volume
~ Detect traffic congestion.
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@ Predict traffic congestion.
@ Evaluate traffic situation.
@ Evaluate management strategies
@ Select appropriate strategy.
@ Execute selected strategy.

Minimize outbound rush hour congestion.

@ Measure traffic speed and volume.
@ Detect traffic congestion.
@ Predict traffic congestion.
@ Evaluate traffic situation.
@ Evaluate management strategies.
@ Select appropriate strategy.
@ Execute selected strategy.

Reduce the impact of incidents on traffic flow.

@ Detect incidents.
@ Evaluate need for intervention.
@ Alert drivers to congestion ahead.
* Encourage drivers to divert.
@ Encourage drivers to change Ianes.
~ Encourage drivers to delay travel.
@ Coordinate with emergency responders.

Reduce effects of summer thunderstorms on congestion and incidents.

@ Detect boundaries and movement of thunderstorm cells.
@ Evaluate potential traffic effects of storm.
@ Evaluate need for intervention.
@ Alert drivers to weather ahead.
@ Encourage drivers to divert.
@ Encourage drivers to delay travel.

Reduce effects of snow and ice on congestion and incidents.

@ Detect snow/ice on roadway.
@ Evaluate need for intervention.
@ Coordinate plowing/sanding/salting.
@ Aleti drivers to road conditions ahead.
~ Encourage drivers to divert.
@ Encourage drivers to delay travel.
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Reduce congestion related to inbound and outbound university special events traffic

@ Obtain schedule of special events.
@ Plan responses to special event contingencies.

* Check status of surface streets in area.
@ Evaluate need for intervention.
@ Coordinate traffic with onsite personnel.
@ Recommend parking locations to drivers.

@ Recommend exit routes to drivers.
@ Control traffic on majnr exit routes.

Reduce congestion related to inbound beach traffic.

@ Measure traffic speed and volume.
~ Evaluate need for inte]wention.
@ Select intervention strategies.
~ Encourage drivers to divert.
* Control traffic on major arterials.

Coordinate maintenance of ATMS infrastructure.

@ Become aware of maintenance need.
@ Track maintenance resources.
@ ~etemine response tc}maintenance need.
@ Execute response to maintenance need.

1.7.3 Develop a Preliminary Desijgn Concept

The next major step in Bayside’s TMC design process is to develop and refine a
preliminary design concept for the ATMS. This process identifies candidate approaches
for meeting all of the operati(mal requirements developed under the mission analysis,
explores tradeoffs between the approaches, and determines how the approaches can be
combined into a well-integrated ATMS.

h the ATMS design and development process, there are numerous points at which the
project might be handed off to a contractor team. This is one such point. The prelimina~
design concept can be developed by local and state engineers, by contractor teams during
the Request for Proposals process, or as an engineering contract.

The advantage of obtaining significant contractor and vendor inputs at this relatively ear~y
point is that a more innovative design concept may result. New, more effective
technologies and approaches for meeting the identi~fied requirements maybe offered by
the vendors. The disadvantage is that some control over the design concept maybe lost.
Engineers for the Bayside ATMS decided to develclp the preliminary design concept in-
house but to include a number of independent outside consultants on the design team.
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These consultants included a human factors engineering company recommended by a
human factors researcher from a nearby university.

An important step, that is often skipped, is the appointment of an independent design
review team (Section 2.2.2). This team should consist of a group of consultants who have
no other relationship to the project. The review team should meet frequently (at least
monthly) with the design team to consider design decisions from an outside perspective.
Bayside selected managers of two TMC’S in the region, and an architect, a traffic
engineer, and a human factors engineer from the local university.

hr tbe preliminary design concept, each operational requirement must be defined in detail
including:

@ operational scenarios that generate this requirement.
@ Prerequisite finctions for meeting the operational requirement.
@ Candidate technologies and approaches.
@ Advantages, disadvantages, costs and benefits for each approach.
@ Potential levels of automation for each approach.

* Operator roles and requirements for the selected approach.
@ Projected operator tasks and workloads.

As an example, one operational requirement that appears in several objectives and
scenarios is that of “Measure Traffic Speed and Volume.” There are numerous ways that
this can be done including cellular phone calls from probe vehicles, reports of observers,
loop detectors in the pavement, closed circnit television cameras, image processing
camera systems, acoustic signal processing and radar — to name but a few. Table 1-1
lists several potential information sensors that would be considered and describes the four
potential levels of automation for each approach (described in Section 2.2.3) for
collecting on-site traffic flow information and sending it back to the TMC.
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... . . . . . . . . . .-. . .
Table 1-1. can

Information Source

Probe Vehicle

On-Site Obsemer

Closed-Circuit Television

Inductive Loops

Image Processing

Uate technologies ants OperatOr rOleS tOr the lunchon measure traffic speed and volume.

Operator Role

Direct Performer

(erbal speed and
~ensity reports by phone
>r radio to TMC.

ierbal speed and
~ensity reports by phone
or radio to TMC.

Manual Control

Speed and density
keyed into computer and
radioed to TMC.

Speed and densi~
keyed into computer and
radioed to TMC.

Operator views a
n~m~~r Qf Cc.p]

monitors to obtain a
general awareness of
the tratic density.

Operator views raw data
from sensors and keys it
into the trafic flow data
base.

Operator views raw data
from sensors and keys it
into the tra~c flow data
base.

Su~ewisOrv Control

Speed and density
automatically
determined. Driver can
edit or append data
before it is sent to TMC.

—

Image processing
system Couo!s pass!rtg
vehicles and displays
numbers at each site.
Operator may correct
the numbers if they
appear incorrect.

Operator reviews raw
data from sensors and
consents to its transfer
into the traffic flow data
base.

Operator reviews raw
data from sensors and
consents to its transfer
into the tra~c flow data
base.

Executive Control

Speed and density
automatically measured
and sent to TMC.

Image processing
~y~~~m CQHO!Spassing
vehicles at each site and
displays the count.

Data from the loop
detectors is sent directly
to the traffic flow data
base.

Data from the loop
detectors is sent directly
to the traffic flow data
base.



h this step, expertise in traffic management technology, and in hmnan factors
engineering is cmcial in identifying and evacuating potential machine and operator roles.
Some pOtential approaches may require computer technologies that are not yet
sufficiently reliable. Automated speech understanding of incoming cellular phone calls is
one example. Other candidate approaches may require operator performance that is near
or beyond the capabilities of the expected operators. Detecting errors in large quantities of
alphanumeric data is an example. Such problems need to be identified as early as possible
in the design process.

Section 2.2.3 describes several approaches that might be used by the design team’s human
factors engineers to define the roles of computers and operators in the partially automated
system. These include using the classic “Fitts List” approach, evaluation matrices, time-
line analyses, operator role assessment, and formal tradeoff studies.

After evaluating each of the alternatives, Bayside selected a filly automated image
processing system, with cameras placed every half mile. Trade studies indicated that this

approach provides data that is not quite as accurate as an inductive loop detector but that
the cost of installation, including the inconvenience of closing lanes and cutting pavement
for loop detectors, outweighed the insignificant reduction in accuracy of the image
processors. The automated system will collect data on the speed and density of traffic in
each lane and transmit the summarized data to the TMC. The operators’ role wiil be to
check the veracity of abnormal appearing data points.

After this evaluation process is repeated for every defined operational requirement, a
complete list of proposed machine and human finctions will be made available to the
design tea~’. This list is then reviewed for inconsistencies and completeness by the design
team and then the design review team and revised as needed.

The human finctions and automated machine functions may then be plotted by the human
factors engineer in an information flow chart or a more formal operational sequence
diagram (OSD). Figure 2-11 provides a high-level OSD for monitoring traffic. The OSD
identifies information and decisions needed to meet the operational requirement, and
ensures that these have been accounted for in the selected functions and function
allocation. ‘Usually, the design team and design review team will require several iterations
of this step before all of the “holes” in the requirements are identified and filIed.

1.7.4 Perform Operator Task Analysis

After the tentative selection of technologies and operator roles has been completed and

approved, the next step for the human factors engineers is to carefilly define the tasks
that the operators will be required to perfom. The goal is to create a document describing
and analyzing eve~ action the operators will take and every decision they will make
during a range of plausible scenarios including normal traffic, congested traffic, special
events, various kinds of incidents, and various kinds of inclement weather.
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Task analyses generally include conducting detailed interviews with identified s]lbject
matter experts. k order to conduct these intemiews for the Bayside TMC, human factors
engineers would interview experienced TMC managers and operators from another
location with similar problems:, operational requirements, and goals.

Procedures that might be used Ibythe human factors engineers for the task analysis are
detailed in Sections 2.2,4-2.2,6. Some guidelines are provided in Section 3.2.5.

For each task in the Bayside T!tiC, information or estimates are documented for the areas
summarized in Table 1-2. ’30)

The task analysis document will be used to help define:

@ The number of operators needed (and accordingly, the number and size of
workstations, and the size of the control room needed to house them,

@ The kinds of skills and knowledge people need to serve as operators,
@ The design requirements for user-system interfaces.
@ The content of operator training courses.
e The content ofjob aii[s.

1.7.5 Desig,n Jobs

The operators’ job design brings together all the defined operator tasks for a given job
classification. The task analysis and job design steps, therefore, are closely related;
changes in job design will require the analyst and designer to revisit and modi~ the task
analysis.

Job design combines pencil-anti-paper analysis with performance evaluation of live
human operators perfoming the identified Bayside scenarios.

The number ofoperators needed for each shift is largely defined by the expectecl peaks of
workload during the shift. Timt line analyses can be performed on the identified
scenarios to estimate peak worl<loads and find points at which several simultaneous
operator tasks may be needed.

To answer some design questic,ns, the scen~io tasks maybe simulated on a prototype
computer interface or TMC workstationmockup. Human subjects typical ofthose likely
to seine as operators will perfom simulations of the defined jobs. The operator’s level of
workload and frustration at points in the scenarios can be determined by a questionnaires.
If the workload appears to be too high, the task must be redesigned or the staff size
increased. Ifitappears too low,, additional duties may reassigned during slow periods.
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Table 1-2. Data obtained in task analyses.

Information Requirements

What information is required?

What information is available?

How do operators evaluate the information?

HOWdo operators decide what response is made?

What errors in information handling and decision making are likely?

Action Requirements

What action do operators take?

What movements are required by the action?

How often must the action be taken?

How precise must the action be?

How quickly must the action be taken?

What response errors are likely?

What feedback do the operators get about their action?

‘orkspace Requirements

How much workspace is required by the action?

How much workspace is available for the action?

What configuration items (e.g., monitors, keyboards) are needed?

What job aids are needed?

:affing Requirements

How many operators are required?

HOWwill the operators interact?

Training Requirements

What is the required level of skill and knowledge?

What is the expected ent~ level of skill and knowledge?

What skill and knowledge must be trained?

IEnvironmental considerations

The Bayside design staff detemined that, during peak traffic hours and special events,
four operators would be required for effective traffic management. During mid-day and
evening hours, a staff of one or two would be sufficient.
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k this design step, operator perj;omance and errors are also explored. Operator
performance is largely a function of operator interface design, motivation, and workload.
Likely sources of operator error or increased workload are noted from the task analysis and
from studies with the control room model. Ways of addressing :hese with the job design
are explored. For those that can’t be addressed directly, the potential problems are noted
for future exploration when workstation and user-system interface design is done.

1.7.6 Design the Environment

Designing the environment is largely the responsibility of an architect who is experienced

in the design of control centers !Iikethe TMC. The TMC environment that includ,:s
lighting, acoustics, and air quality, has an effect on the performance and motivation of
operators and there are establisk~ed standards and building codes that address these effects.

TMC designers are making ever greater use of computer aided design (CAD) software to
assist in designing tie environment. A three-dimensional CAD software package allows
the architect and designer to change a simple flat floorplan into a rotatable, three
dimensional image to allow viewing the control center from a number of different
positions and angles.

The layout of tie workstations in the center is also an important environmental factor. A
link analysis, based on the task analysis data, can be used to approximate the optimal
design for the control room layout. In addition, centers frequently provide their e~isting
operators, or consultants, with cardboard or foam models of the candidate buildirlg layout.
The operators are allowed to experiment with alternate layouts and provide inputs to the
design process based on their preferences.

It is also important for designer:j to explore lessons learned durng design and opsration of
similar facilities. Bayside desig~ team leaders visited a number of newer TMC’S to explore
their technology, design, and lessons learned. The following is among the lessons they
learned in their discussions.

WORKING INA FISHBOWL

Many modern TMC’S are designed with a conference room or observation deck

overviewing the main control rclom. Visitors, especially VIP’S, may sit in these areas and
observe the operators worMng. Interviews with numerous operators in several cities
invariably indicated that operators were uncomfortable with this arrangement. Ir) fact, this
was cited as one cause of lowered morale and a high turnover rate. One desigri solution
was to position a screen so that observers in the “balcony” could see only the wall-
mounted displays but could not see the actions of individual operators.
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The Bayside design team wanted to provide such an observation balcony but decided to
address this “fishbowl” problem by locating the operators workstations directly under tie
balcony and providing repeater displays in the observation area.

1.7.7 Design the Workstation

The workstation design is based heavily on the operator task analysis and job design.
Workstations (including auxilia~ equipment such as facsimile machines, copiers, and
wall-mounted displays) must be designed to support every defined task that is part of the
operators’ job. Again, link analysis can be used to optimize locations of the workstation
elements and minimize the need to walk between machines, reach long distances for
knobs, or view displays outside the normal visual field (e.g., behind the operator).
Computer-aided design and rapid prototyping are also effective in designing and
evaluating the workstation layout.

Bayside invited vendors of workstation consoles, chairs and other furniture, information
displays, communication systems, and office equipment to submit recommendations for
workstation equipment. They discovered that nearly every item was described as
“ergonomic.” These claims were presented to the human factors engineers on the design
staff for evaluation. They concluded that only a few of the items were well designed from
an ergonomic viewpoint (i.e., they met recognized principles).

1.7.8 Design and Specify Controls and Displays

Design of the user-system interface also is based largely on the results of the task and job
design analyses. The user-system interface design includes the specific controls and
information displays the operator uses to interact with the system.

For off-the-shelf configuration items (e.g., facsimile machines) design of the controls and
displays are established by the manufacturer, Thus, adequacy of the controls, displays, and
operating procedures should be part of the trade studies under which the specific brand and
model are selected. Initial inspection and evaluation by human factors engineers became
part of the basis for Bayside’s procurement decision for these items. For critical items,
initial testing of candidate machines to evaluate operators’ performance, learning rate, and
error rate while performing a sample of identified tasks maybe indicated.

Most of the operators’ information in the Bayside TMC will be derived from computer
monitors and closed-circuit television monitors. The task analysis provides a detailed
listing of the information needed by the operator but does not specify the format in which
it will be presented. Figure 11-1 provides a summary of the process selected by Bayside
for designing controls and display screens. Some guidelines for control and screen design
are contained in Chapters 9, 11, and 13. The most important steps, though, involved
continued testing and refinement of the candidate interfaces using workstation mockups
and rapid protot~ing of display screens. The tests used actual operators and subjects with
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the same demographics (e.g., a;ge, education, intelligence) as the anticipated operators
performing tasks in the previously defined Bayside traffic scenarios.

The key to the successful Bayside TMC design project was the continuous and repetitive
testing and refinement of candidate design options. Tte philosophies and procedures of
section 2.3 were used from the beginning by designers who made decisions based on small
experiments using CAD and rapid prototyping systems, models and mockups. All design
decisions were examined by ths independent design review team, The result was an
ATMS and a TMC that were able to meet the originally defined objectives with a high
level of operator morale and performance.

1.8 What Now?

After completing Chapter 1, the following steps are recommended before beginning to use
the document in the design process.

@ Take time to beco~ne familiar with the organization of the docun~ent and
the sequence of th(: chapters and topics There is no set sequence in which
subjects will be tre~~tedin the design of a ‘rMC. A good understanding of the
document’s arrangement will be adequate to support general design
discussions.

@ Take time to read and understand Cha!pter 2 (Prificiples and Mei[hods of
Humati Design), tluen use other sections as required. The process of user-
centered design, anli how this document supports user-centered design, is
considered in detail in the next chapter. Chapter 2 also shows how the
succeeding chapters can best be used.
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CHAPTER 2: PRINCIPLES ,4ND METHODS OF USER-CENTERED DESIGN
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2.2.11 Design and specify user interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-54
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2.3.3 Summative human factors tt!st and evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-62

2.1 User-Centered Design Considers the End “User

The term user-centered design refers to a design philosophy in which the user is viewed
as a critical system component whose characteristics, capabilities and limitations need to
be defined and considered during TMC requirements analysis and design. The
fundamental principle ofuser-centered design can be stated as follows: Involve the user at
the earliest stages of design a~qdcontinue this involvement throughout the design and
test/acceptance process,

Contrary to this philosophy, TMC design programs frequently adhere to a
technolo~-centered design approach in which procurement of advanced hardware and
software is the focus. Issues concerning human users — in paflicular, how these users
will interact with the technology — may not’ be considered until after the systerr~ is
designed.
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The goal of this chapter is to introduce TMC designers to the process and techniques of
user-centered design. k this chapter a series of activities and decisions that comprise this
design approach are summarized. This introductory material is presented for general
guidance and should be applied with the support of an experienced human factors
specialist.

Figure 2-1 shows the general sequence of activities associated with user-centered design,
These processes are described in Section 2.2. Guidelines for each of these activities are
contained in the referenced chapters.

The process, tiough, is not as linear as the design activity list suggests, and most
activities are iterative (done repeatedly]. Iterative design enables system elements and
procedures to be defined, refined, and evaluated in a series of cycles. As each critical
element is added to the system design, the design team will, whenever possible, evaluate
its adequacy and its impact on the remainder of the system. Test and evaluation methods

appropriate for the TMC are presented in Section 2.3.

Software design packages (e.g., rapid prototWing tools and computer- aided design
(CAD) tools), along with traditional modeling and simulation techiques, can improve
the cost effectiveness and timeliness of iterative design approaches.

2.2 The User-Centered Design Process Consists of a Series of Steps

h this section, the steps to be applied in any user-centered design process are described.
Eleven major steps are included in this process:

@ Conduct a mission analysis.
~ Prepare a design concept.
@ Conduct function analysis and allocation procedures
@ Conduct an operator task analysis.
@ Identify sources of human operator error.
@ Identify human performance constraints.
@ Design jobs.
@ Design the work environment.
@ Design and specify workstations.
@ Design and specify controls and displays.
@ Design and speci@ user interfaces.

The description of each design step includes four elements: (1) reasons for completing the
step, (2) information that will support the step’s completion, (3) procedures for
completing the step, and (4) methods and tools that will assist designers in completing the
step.
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I DESIGN ACTIVl~ I CHAIDTER I

Figure 2-1. Activities in the user-centered design of a TMC: chapter reference (Matrix
indicates primary distribution of design activities among chapters).

The sequential aspect of system design “steps” can be misunderstood and over-applied.
The steps to be described in this section have no rigid ordering scheme nor are they
independent. A function allocation strategy, for example, may depend on the leiel of
engineering expertise required. of operators (a job design issue). Job design, however,
depends on the function allocation process. Consequently, a reasonable approach is to
perfom both steps in parallel.
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Consider the problem of arranging wall displays (e.g., closed circuit television monitors,
dynamic map displays) within a TMC. The arrangement for such displays will depend on
the arrangement and configuration of operator workstations. Workstation operators will
require visual access to wall displays. (Console height, for example, must not interfere
with display visibility.) Workstation configuration depends on the nature of operator
tasks, and the nature of operator tasks helps to determine the best arrangement of
workstation controls and displays. Characteristics of workstation displays interact with
illumination levels, and illumination levels impact the design of wall displays,

This does not suggest that designers ignore a sequential ordering of design steps. Instead,
designers are reminded that no step can be considered in isolation. In performing
iterative, user-centered design, the most dangerous error is to view the set of design steps
as a series of checklist items, where completion of a given step implies that it can be
“checked off’ and forgotten.

2.2.1 Conduct a mission analy5is

The first step is to identify the, operational capabilities required of the new or modernized
TMC. This is the most essential single activity in the design process. Fundamental errors
at this point, most frequently underestimates of total system requirements, can negatively
impact an otherwise organized design effort.

Why should designers conduct a TMC mission analysis? Any design effort should
begin with an intended destination – the functional mission of the design product. Many
designers, however, can remember design programs that ignored this rule and
consequently terminated in a minimally usefnl product. In some cases, destinations
change because of decisions reached by authorities external to the desigrr team. b otier
cases, real-world conditions change. New technologies that show obvious application and
promise in traffic management maybe developed. Project finding maybe reduced.
Mission requirements may be extended as a result of changes in philosophy or traffic
burden.

A more serious error in establishing the TMC mission can result from what is otherwise
considered to be a strength of any well-founded design team: real-world traffic
management experience. Too much experience, and too little critical evaluation of that
experience, may (perhaps inadvertently) bias designers against new ideas. Basing a new
design on previous successes is a reasonable approach only when earlier design contexts
match the existing design context. By applying ideas and principles that have worked
before, designers may actually pe~etuate inappropriate design solutions.

In establishing a realistic TMC mission, the design team must consider traffic
management conditions that will arise during the entire life-cycle of the proposed TMC,
not only on existing conditions, or on those that have occurred previously. By
establishing such a mission statement, designers will, in effect, anticipate future TMC
responsibilities, and thus visualize a TMC that can adjust to changes in real-world
conditions.
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Several sources of information support development of the TMC mission statement.
Projected traffic management needs for the United States are currently being examined,
and a picture of the future is gradually coming into focus. The emerging emphasis is
summarized in the Strategic $)lanfor Intelligent Transportation Systems in the United
States, Federal ITS Program i?lan and in other reports published periodically by the US
DOT and ITS America.

Procedures for analyzing the TMC’S mission are available. A procedure for defining
the TMC mission is presented. in Figure 2-2, An assessment of outside sources of
experience and information is critical to this approach. This includes relevant research
literature, practices at other TWC’S (given that these TMC’S have missions similar to the
one being defined) and — in particular — recent experience with newer design strategies
and technology. Reasons for proceeding in this manner are summarized below:

. Using only local experience can needlessly limit a TMC’s mission definition By
relying solely upon lo(:al experience, designers run the risk of inadvertently
perpetuating design concepts and practices merely because they are familiar. A
consewative bias of tikis type can cause the design team to miss opportunities to
enhance the mission definition of the TMC.

a Site visits are preferaklle to remote data collection methods (e.g., sumeys,
telephone interviews). By directly obseming the effects of innovative design

approaches, desiglers can obtain an intuitive understanding of such desig
approaches. Additlon:dly, the benefits of implementing innovative design
techniques are readily apparent.

e Formal working groups that represent TMC and human factors communities will
provide a more extensive range of TMC mission knowledge than working groups
that represent only designers and architects.

@ Scenarios and mission profiles (described below) encourage designers to assess
the TMC’s mission within the context of potentially occurring traffic management
events. They also provide a mechanism for assessing possible deficiencies in
software tools that are currently being marketed to the traffic management
community.
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Methods and tools for completing a TMC mission analysis are available. Years of
practice have established a number of approaches that are usefal in the conduct of
mission requirements analyses. The two most effective — mission profile development
and scenario development — are applicable to the A.TMS TMC.

@ Mission profile development. A mi$sion prqfile is a detailed description of
normal system operations that occur during a given system activity or over a given
period of time. Each TMC will have a slightly different mission profile because of
unique traffic conditions and TMC goals. The profile developed at this stage of
system development will be somewhat tentative since the mission definition will
be refined iteratively. The mission profile is a useful precursor to a task analysis,
finction allocation procedure, and task allocation procedure. It also contributes to
job design, selection, and training activities.

The profiie consists of a list of fanctions to be perfomed by the total TMC
system. The list includes simultaneously-performed activities (e.g., automated
tasks performed by system hardware, operator assessments, operator decisions).
Activities are described at a fairly high level and no attempt is made to define the
roles of operators or automated systems in performing them. This technique
provides an organized, high-level framework of system requirements that will
support subsequent, detailed design analysis.

@ Scenario developme]~t. Descriptions of specific scenarios — non-routine but
typical situations that would challenge the capabilities of the TMC — are
sometimes useful in providing an understanding of the TMC’s mission. Scenarios
might describe freeway incidents, conditions surrounding major traffic stressors
(e.g., large athletic events, inclement weather), or strategic planning episodes
(e.g., hurricane evacuation). Reference (46) includes several examples of TMC
scenarios.

2.2.2 Prepare a design concept

The remaining 10 steps of user-centered design address the development of a TMC
configuration. This configomtion is based on the mission analysis introduced in Section
2.2.1 and described in Chapt:r 3. Once the mission requirements have been considered,
the design team should creatt: a preliminary design concept for the ATMS TMC. Initial
design ideas represent a “stra.wman” concept that will change over time, but the
“strawman” will provide a working structure for the design team.

While creating a design concept might seem premature at such an early stage in the
design process, having a “strawman” TMC will help designers organize ideas and
information that develop and. arrive from multiple sources. As work toward the final
design concept proceeds incrementally, the preliminary concept will provide a framework
for initial assessment, and –- more importantly — impose a structure that prevents design
ideas from being evaluated ii~dependently of the total system, in pa~ticular, th,? user. The
final design may have little in common with the original concept, but experience suggests
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that modifying an existing plan, rather than correcting a design that has been
implemented, is an effective use of design time.

Several sources of information can help in developing an initial design concept. The
preliminary design concept will be developed from a number of models and existing
structures. These include professional experience, experiences in other TMC’S,
experiences in other control room environments, and human factors engineering.

@ Professional experience. The design team should place a high value on the

judgment of experienced traffic managers. The experience of individual members
of the design team should also be considered. The main advantage of relying upon
previous design experiences is a more efficient use of design time (i.e., avoiding
the unnecessary rediscovery of standard (as well as poor) design practices). One
disadvantage of relying only upon previous experience is an inevitable bias
toward known design approaches.

e Experiences in other TMC’S. Site visits and literature reviews can provide fresh

perspectives. New perspectives are especially important during transitions from
traditional TMC’s to ATMS-level TMC’s. Existing TMC’s represent a range of
developmental stages. They have also had many opportunities to experience
successes and failures. Au active exchange of ideas will, at the very least, expose
the design team to lessons learned from other TMC design efforts.

@ Experiences in other control room environments. TMC’s and other t~es of
control rooms have many characteristics in common. Air traffic control centers,
military command and control centers, and broadcast studios, for example,
perform activities that are similar to those of the TMC. In addition, technologies
found in other control room environments will also be found in the TMC,
Reference (73) provides descriptions of TMC elements and conditions at
comparable facilities.

@ Human factors engineering. The design team should include human factors

engineers. At a minimum, human factors engineers should review progress and be
asked to make recommendations at critical points in the design process, If formal
test and evaluation is being considered, a human factors review is essential. The
testing and evaluation of designs that, include roles for human operators should be
planned by human factors specialists.

Procedures for preparing a TMC design concept are available. The procedure
represented in Figure 2-3 — while it may seem cumbersome to execute so early in the
design program — provides important advantages. The parallel efforts of a design team
and a review panel will supply independent reviews of the concept bejore extensive
development has been completed. The design team is subject to the inherent tendency of
any small, independent team, Members of such groups typically bring ideas that may go
unchallenged — even if individual members recognize their error — because of problems
in human interactions. A review panel, however, evaluates from a perspective that is
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outside the closed environment of the design team. This perspective will help in
alleviating a number of prejudices.

@ Establish the design team. This team need not include the same individuals who

defined the TMC mission, although an overlzp is likely. The actual composition
of the team will be driven by the requirements of the TMC. Design requirements
for a new TMC facility will differ from those for an existing facility that is to be
modified so that it can meet new demands and incorporate newly-developed
technologies. The application of user-centered design implies that end users (e.g.,
experienced TMC operators and managers) will be included on the design team.

Again, it is recommended that a qualified human factors engineer be included. Such
experts are available on a consulting basis. In addition, many universities oft:er
programs in human factors engineering. These programs may reside in engineering
departments (typically indt~strial engineering) or in psychology departments.

@ Estabfish a review pa]~el. Because the role of the review panel is to offir an

outside perspective, it should work independently of the design team. Members of
the review panel should not participate as members of the design team. The
review panel might include traffic managers from other TMC’s, experts from
other operational areas requiring control room facilities, academic researchers,
professionals from government and industry, and traffic engineers.

~ Develop tbe draft preliminary concept. The initial concept is a preliminary

design. This preliminary concept may not be recognizable in the final TMC, but it
provides a flexible foundation around which the design effort evolves. What
agencies will reside in the TMC? With whom will they communicate? What
ATMS resources will be located on the roadways and how might they be
monitoredcontrolled? ‘The concept may be composed of slcetches, design
guidelines, design objectives, and elements of a strategic plan. The strategic plan
should guide the program management effort from beginning to end: schedules,
resources, task dependencies, and critical paths,

0 Validate the draft preliminary concept. At this point, the review panel should

examine the draft preliminary concept and strategic plan. As indicated earlier, tie
review panel will provide a fresh perspective, and it may identify inappropriate
assumptions made by the design team.

e Prepare the preliminary concept. The preliminary design concept should
include concept sketches and line drawings, preliminary estimates of staffing and
automation requirements, and key design challenges identified by the design team
and review panel.
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Methods and tools for preparing a design concept are availabie. A variety of possible
techniques to support the preparation of a preliminary design concept are available. They
include brainstorming, the Delphi method, questionnaires and interviews, and site visits,

e Brainstorming. This technique — typically used early in the process —
progresses from a relatively unstmctured distribution of ideas to a more detailed
evaluation and prioritization of ideas. Brainstorming helps to evoke ideas, identify
possible problems and opportunities, and forge the design team. Recently a more
structured approach has been introduced under the general label “groupware.”
This approach uses elements of brainstorming, the Delphi method (described
below), and other group decision aids. It differs from traditional methods in that it
is a computer-mediatec~ approach,

The advantages of this groupware approach include relative anonymity c,f
participants (who intemct through workstations), the ability to conduct sessions on
a long distance basis (given an appropriate electronic networking capability), and
the availability of a verbatim record of ideas. It also allows an activity report to be
produced immediately after the conclusion of a session. Immediate availability of
such a report will help participants continue off-line discussion. While the
technique is not inexpensive, it carr facilitate an efficient use of design time.

. Delphi method. The Delphi method is more :formal than brainstorming, and it

forces a fusion of ideas. A group composed of subject matter experts is risked to
respond anonymously to questions from a group leader. The Delphi method forces
a consensus among members of the group. Since responses are not attributed to
specific participants, status or personal persuasiveness is less likely to impose
undue influence. ’77)

e Questionnairesand irnlterviews.Questionnaires and interviews allow a relatively
efficient polling of subject matter experts from (1) other TMC ‘s, (2) the research
and industry communities, and (3) control room environments similar to that of
the TMC,

Designers should recognize that questionnaire development requires considerable skill
and expedience. Flawed questionnaires may cause errors or deficiencies in TMC design to
be perpetuated. It is suggested that the design team seek assistance from individuals who
have expertise in questionnaire preparation. The possible expense in consulting fees will
most likely be offset by the collection of more usefil information, Reference (47)
includes an example of a questionnaire that was successful in obtaining information on
TMC requirements.

@ Site visits. No questionnaire or telephone interview will yield as much
information as a visit to another TMC or control facility. h the preparation of this
document, the authors visited nearly a dozen traffic management centers in North
America and Europe. A(odesigner is so educated in the opportunities for TMC
improvement that he or she cannot discover something new.
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Note that rules for conducting on-site interviews are the same as those for long distance
(questionnaire-type) interviews. The interviewer must ask the “right” questions. hr order
to compose such a list of questions, the interviewer must carefully prepare, edit, and test
an interview “script.”

2.2.3 Conduct function analysis aud allocation procedures

Function allocation is the assignment of system functions to machine components, human
operators, or to a combination of human and machine components. Details of the function
allocation process are presented in Chapter 3.

The first stage of the TMC design effort is a thorough analysis of TMC functionality. h
others words, the design team considers what the TMC will actually do (function
analysis). User-centered design implies consideration of the human operator as an integral
part of the TMC.

Why should designers analyze and allocate functions? The process of designating who
(human operator) or what (machine) will perfom a given finction is as old as human
factors engineering. This process is formally referred to asjtinctio}z allocation.
Appropriate function allocation is the cornerstone of effective TMC operation, and the
design team should devote a significant amount of effort to the function allocation
process.

One goal of ATMS development has been increasing levels of automation. But
automation must not be applied blindly. During any function allocation process, designers
must have access to a reliable approach for assigning an appropriate level of automation
to a given TMC finction. The most appropriate roles for human and machine components
must be determined. Figure 2-4 defines a continuum of human operator roles such that at
one end of the continuum, a function is allocated solely to a human operator, and at the

opposite end, a finction is allocated solely to a machine, Between the extremes, function
execution is shared by human operators and machines.

The continuum of roles is divided into four regions, in which each region corresponds to
one of four operator roles. Each region implies a level of automation. Operator roles are
direct performer (no automation), manual controller (operator perfoms decision-making
activities), supervisory controller (operator has the ability to override a machine-made
decision), and executive controller (operator enables or disables execution of a
ftdly-automated function).

The term cont},oller, associated with three of the four operator roles, implies that
operators control machine components. The fourth role, associated witi the term
performer, implies that operators directly perform a function, rather than merely control
or supervise machine components. The most advanced TMC’s (currently in the planning
stages) will operate at a level that is somewhat to the right of the continuum’s center.
Current technology does not permit a TMC to operate under complete executive control
(i.e., where all functions are completely automated).
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Operator roles are defined more precisely by considering the manner in which
information is processed within a function. Figure 2-5 represents the information
processing behavior that might occur as TMC functions are executed. Each function is
defined in terms of four stages of information processing: input, processing, response
selection, and output. At the input stage, information is received from an external source
by a sensor. At the processing stage, received information is manipulated by a processor.
At the response selection stage, a controller decides what control actions are to be
performed. At the output stage, an actuator executes control actions,

Several sources of information support completion of the function allocation
process. No hard and fast rules govern TMC finction allocation (or for that matter,
function allocation in any other control facility). Chapter 3 provides a detailed discussion
of the function allocation process, as well as task analysis topics. Other potential sources
of information are questionnaire/interview results, design team experience, and review
panel experience. Research documented in human factors journals, ITS Journal, and
proceedings from ITS conferences may be helpful. Reference (47) includes a thorough
discussion of ATMS function allocation.

Procedures for completing the fuuction allocation process are available. Figure 2-6
depicts a typical procedure for allocating system functions.

9 Define the function. Each function must first be defined operationally — that is,

in terms of the system activity to be performed (e.g., post travel advisories on
information outlets, morrito~ compliance with current advisories). Operational
definitions reduce ambiguity and overlap and are necessary preparations for
subsequent operator task analysis activities.

@ Apply allocation criteria and guidelines. Each function should be examined in

terms of accepted function allocation criteria, Examples of such criteria are
provided in the Fitts List in Table 2-1, and in Section 3.2.2 (Guidelines 3/1 to
3/1 5). These criteria and guidelines allow the design team to complete a “first
pass” function allocation, during which functions obviously suited to the human
operator and those obviously appropriate for total automation can be identified,

Experience suggests, however, that many functions will fall into neither category. Instead,
each of these functions fall into a questionable area (e.g., manual controller and
supervisory controller regions), where no single rule of thumb is convincing enough to
provide an answer, In such cases, further assessment is required.
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Table 2-1. Fitts List (after DC}D-HDBK-763).

,F<
Detection of certain forms of very low Momtormg (both men and machines)
energy levels

Sensitivity to an extremely wide variety of Performing routine, repetitive, or very
stimuli

Perceiving patterns and makmg Responding very quickly to control
generalizations about them signals

Store Iarge amounts of information for Storing and recalling large amounts of
long periods – and recall relevant facts at information in shofi time periods
a~~rouriate moment

b++
Ability to exercise judgement where
events cannot be completely defined computation with high accuracy

Improvmg and adopting flex].ble Sensltlvlty to stlmuh beyond the range of
human sensitivity (e.g., infrared, radio

Reacting to unexpected low-]?robabiiity

<

Doing many different things at the same
events time

Applying originality in closing problems Exerting large amounts of force smoothly
and precisely

Profiting from experience anti altering hsensitivity to extraneous factors
course of action

Performing fine manipulatio~l, especially Repeating operations very rapidl]r,
where misalignment appears unexpectedly continuously, and precisely

&~4
Continuing to perform when overloaded Operating in environments that are hostile

to man or beyond human tolerance

Develop a trial soluti{~n. Experience gained from previous (perhaps amdogous)
fnnction allocation activities will suggest possible allocation solutions.

Evaluate the trial solution. In most cases, this evaluation is implicit, k, some
cases, however, more formal testing may be required. ;~ormal testing will provide
some assurance that the proposed allocation is the most appropriate one, Testing
and evaluation may inclicate that a function has been a:,located incorrectly. Under
these conditions, the eKrorcan be corrected (iterative design), Simulators,
mockups, or computer--based prototypes may be used as evaluation tools.

2-17

,... ,.. ,..



@ Incorporate the selected allocation in the evolving design. Once the design
team has allocated a given system function, the result should be incorporated into
the design. Recognize that this result is /totfinal merely because an “answer” has
been obtained. The allocation for a particular function may prove unworkable
when viewed in the context of the whole system and the other functions with
which it must be integrated, Again, iterative design is the best approach, even if an

apparent “answer” must be redesigned.

Methods and tools for allocating functions are available. A number of methods have
proven to be usefil in the finction allocation process. Whiie detailed descriptions of such
methods are offered in Chapter 3, we include brief descriptions and examples here.

@ Trade analysis. Trade (or tradeof~ analysis is generally performed once functions

have been defined and analyzed via functional flow diagrams andor
(40) see section 2,2.4.) Results obtained from variousdecision/action diagrams. (

techniques (described below) are to be compared.

@ Fltts list. Table 2-1 depicts the well-known “Fitts List” (named for its developer,
Paul Fitts). Figure 2-7 provides two lists: one list identifying those activities best
perfomed by humans and another list identifying those activities best performed
by machines. This particular assignment of activities to human or machine has
become an accepted standard. Function allocation results derived from a Fitts List
analysis can be assessed with two methods (both described below): operator role
assessment andor evaluation matrix.

@ operator role assessment. With this method, designers consider each function

and assign the most appropriate operator role (direct perfomer, manual controller,
supervisory controller, executive controller) to that function. In applying this
method, designers first assess the appropriateness of assigning either of the two
extreme operator roles (direct performer or executive controller) to the system
functions. One of these two roles is considered appropriate if ( 1) its assignment to
a function will satisfy that function’s performance requirements and (2) a
significant increase in capabilities will not be expected by the assignment of a
different operator role to that fiction. If a direct performer role satisfies
perforrnmce requirements and no significant performance gains are expected by
the assignment of some other role, then it should be assigned to the function under
consideration. Similarly, if a function’s performance requirements are satisfied by
an executive controller role and no significant performance gains are expected
from some other role, an executive controller role should be assigned.

Designers must then consider any remaining functions (i.e., those for which direct
perfomer or executive controller roles are inappropriate). For these functions, the

appropriateness of manual controller and supervisory controller roles is assessed. Once
again, appropriateness is evaluated in terms of the satisfactory achievement of
performance requirements and the expectation that significant performance gains cannot
be achieved through another role assignment.
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Once designers reach a consensus on operator role assignments, they consider the four
stages of information processing associated with each function. Each information
processing stage (i.e., input, processing, response selection, or output) is assigned one of
four levels of operator involvement. These operator involvement levels are defined as:

@ H: The human is solely responsible for performing the processing stage.

@ Hm: The human (with machine assistance) performs the processing stage.
e Mh: The machine (with human assistance) perfoms the processing stage.
@ M: The machine is solely responsible for performing tie processing stage.

Recognize that this method is time-intensive (when a large number of functions must be
assessed) and somewhat subjective. However, it is particularly effective when the design
team has experience in similar or analogous function allocation exercises.

. Evaluation matrix. Vtith an evaluation matrix (Figure 2-7), designers Irate a

function according to its suitability for “operator execution of the function,”
“machine execution of the fanction,” or “human-machine execution of the
function.” Each function receives a weighted score. The score suggests how the
function should be all~cated: “to the operator”, “to the machine”, “to a
human-machine combination”, These allocztiorr categories are traditional, ’40)but
designers may also use the operator roles suggested in Reference (47): (Iirect
performer, manual co]ltroller, supervisory controller, ‘executive controller.
Operator roles have the advantage of considering degrees ofshared res,Ponsibi~~v.
Traditional function allocation tends to place much emphasis on “eithe]-/or”
decisions. In addition, the function allocations in Reference (47) are sp(:cific to
TMC’s and integrate additional insights gained from interviews, questi,>nnaires,
and TMC site visits.

@ Time line analysis. A time line analysis (Figure 2-8) allows designers to identify

the dynamics of functions and determine crtiical tasks (i.e., tasks that impose
unrealistic time demands on unassisted operators — too many activities in too
short a time). A time Iine anaIysis also identifies times at which incompatible
tasks must be performed (e.g., requiring the TMC operator to be in two places at
once, requiring the TMC operator to enter complicated command sequfmces while
communicating with f>mergency services). Problems like these contribute to
errors. A collection of simultaneous, time-constrained operator tasks is often a
potential source of error. The time line will identify any time conflicts (clearly and
suggest when a function’s level of automation should be increased. Th(>time line
analysis depicted in Figure 2-8 is relatively simple. A more detailed diagnostic
time line is described in Chapter 6. Note also that as the system evolvej, early
time lines may become obsolete.
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2.2.4 Conduct an operator task analysis

An operator task analysis defines the activities operators will be required to perfom. The
task analysis and two other steps in the user-centered design process, specifically,
identifying sources of human operator error (Section 2.2.5) and identifying humm
performance constraints (Section 2.2,6), are t~ically performed in parallel.

Why should designers conduct an operator task analysis? A thorough task analysis
forms the basis for the TMC staffing plan, the required equipment, the user-system
interfaces, and the operator training program. The task analysis helps the designers ensure
that critical activities and communication links are not negiected during the design
process. The authors, though, found that only one of the 20 facilities they surveyed had
conducted a formai task analysis.

Task analyses are perfomed most efficiently during the design effort. Unfortunately, they
are often perfomed after the TMC is in operation. The latter approach is not
recommended. The primary cost of conducting a task analysis during design is the
analysts’ time. The costs of delaying a task analysis until after the TMC is running also
include operational deficiencies and design errors. Changing procedures and
configurations while the TMC is managing traffic is difficult, costly, and usually requires
compromises, rather than clear solutions,

Several sources of information support the conduct of task analyses. Task analysis is
discussed in detail in Chapter 3. Related discussions that focus on error analysis, human
petiormance constraints, and job design are presented in Chapters 4,5 and 6,
respectively. Other resources include Human Engineering Procedures Guide, Human
Factors Design Handbook, Human Error, and Engineering Psychology and Human
Pe~ormance. (41.IZ5.98.122)Theoretical and practical issues surrounding operator workload,

as well as workload assessment techniques, can be found in Operator Workload:
Comprehensive Review and Evaluation of Operator Workload Methodologies.(l 1’)

Procedures for conducting a task analysis are availabie. In Figure 2-9, a
recommended sequence of activities to be completed during a task analysis is shown.
These activities begin with an initial task definition and conclude with incorporation of
the task stmcture into the TMC design. The irritial task definition typically follows
finction allocation. Figure 2-9 includes activities associated with error analysis (Section
2,2.5) and job design (Section 2.2.7). These two activities are identified in conjunction
with the task analysis activity because (1) results from all three activities are
interdependent, and (2) all three activities are conducted (to some extent) concurrently.
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@ Ta5k defin~t~on. A task definition provides the initial (operational) description of
the operator tasks required for execution of a given system function, The level of
operator involvement required for function execution (and thus the nature of tasks
to be performed) is specified in accordance with the function allocation results,
Highly automated functions, for example, will require more machine involvement
and less direct human operator involvement. Consequently, an operator will have
less responsibility for direct execution of the function, ad tasks that require the
operator to monitor machine activities, verzfi machine computations, and approve
machine recommendations wilI be typical. Some tasks maybe modified (e.g.,
allocated to automation) during’ subsequent design iterations. In some cases,
additional tasks may be incorporated into the design. Discrete tasks can be
grouped into work modules (Chapter 3) for easier integration into job descriptions.

@ Performance analysis. The design team must consider all tasks with respect to
human performance requirements. Human operators will have a number of
limitations, and such limitations must be recognized. Guidelines for conducting
perfommce analyses are offered in Chapter 5,

@ Error and workload analysis. Operator emor and workload should be considered

throughout the design process, pafiicularly when the likelihood of unacceptably
high operator error and workload are discovered. When considering operator
error, the design team should review operator tasks and identify those for which
the potential for error is high. In some instances a reallocation of the associated
function may be necessary. Guidelines for reducing operator error are found in
Chapters 4, 5, and 6. Any negative effects of operator workload will contribute to
error rates and degrade overall system performance. Workload is addressed in
Chapters 3, 5, and 6.

@ Evaluation. Evaluating the design of a new or compiex task is important to

ensure that the task can be effectively perfomed as designed. Such evaluations
may be elaborate (employing mockups or simulators), or they maybe less formal
(relying on the design team’s observations of operator task performance).

Methods and tools for analyzing tasks are available. Task anaiysis is a routine
component of human factors analyses, and many techniques are available. This section
offers the methods most applicable to TMC desi~. Note that the list of tools offered here
is not comprehensive. More detailed discussions of tiese and other methods can be found
in DOD-HDBK-763, Human Etigineering Procedures Guide. ’40)

& Functions] flOWd~agram. This method tra~slates a sequence of activities into a

block diagram. The diagram represents sequences of occumence for activities, as
well as ordered relationships among activities. In a task level flow diagram, each
block represents a single task of some uniform level of complexity or importance.
An example is pl-ovided in Figure 2-10 panel a. Here, a sequence of traffic
monitoring activities is analyzed. Logical operators (OR and AND) indicate when
a single activity is performed in sequence and when multiple activities are
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perfomed simultaneo~~sly. Logical operators are not universally applied. to simple
flow dia~ams.

A variant of the simple functional flow diagram is the decision/action dagram.
This tWe of diagram identifies required activities, depicts key decision ]?oints, and
outlilles tl~eflow ofactivities that lnustoccur once adecision is made, An
example isprovided ir~Figure 2-10 panelb. I.nthis example, thedecisionsand
events surrounding the traffic access control are analyzed.

@ Operational sequence? diagram. },noperational sequence diagram (OSD)is
employed when (1) more complex interactions of operator, computer, sensor, and
actuator inputs/outputs must be documented, and(2) anew task, for which
designers have no previous experience or analysis results, is under consideration.
The OSD yields a more detailed analysis than does the fictional flow diagram.
Consequently, it is a more difficult tool to learn and implement. On the other
hand, the need to develop an OSD for every TMC task is unlikely. The OSD
provided in Figure 2-11 represents the sequence of activities described by the flow
chart of Figure 2-10, panel a.

@ Task description. Task descriptions represellt oneofthe more tradition.al nalysis

methods and have been used for a number of years. A task description is derived
from results of the finction allocation. It provides a breakdown of tasks into
subtasks and is particularly useful in assessing function allocation results,
developing training programs, and supporting manpower and procurement
activities. ’40)An example of a partial task description is provided in Table 3-2.

@ Workload analysis. Eecause workload isoperator-specific, itis difficult to
measure and define, Fi~re2-12identifies elements that contribute to workload.
These elements, refemad to as determinants of operator workload, maybe external
(i.e., related to task design, job design, and environmental conditions). IIowever,
others may be internal (i.e., related to human skills and limitations). The methods
most readily available to the design team are of two t~es: subjective scales and
observatiotiexperimentation.
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Among the subjective scales frequently used are the NASA Bipolar Rating Scale (Figure
2-1 3) and the Modified Cooper-Harper Scale (Figure 2-15). The workload index derived
born the NASA Bipolar Ratin~~ Scale is obtained through subjective ratings of task
difficulty. These ratings are provided by experienced operators. For a given task, the
operator first rates the task according to the nine dimensions:

. Overall Workload.
@ Task Difficulty.
O Time Pressure,
o Perfomauce.
e MentaUSensory Effort
e Physical Effort.
@ Fmstration Level.

@ Stress Level.
e Fatigue.

The rating assigned to each dimension reflects a subjective assessment of the degree to
which that particular dimeflsion affected task performance. The operator then classifies
the task according to activity type (skill-based, rule-based, or knowledge-based). This
assessment of activity type reflects the level of complex cognitive processing required for
task performance. The most cc,mplex cognitive processing skills are required for
knowledge-based activities, ” 1“)(See Fignre 2-13.)

The Modified Cooper-Harper Scale provides a means for rating operator demand level.
The rating is derived from the algorithm described in Figure 2-14.(117)During informal
interviews with experienced operators, designers might usethis method to estimate initial
task workload ratings. This method is used most readily on tasks for which operators have
experience. If the task is new to the TMC design, testing and simulation maybe required
inorder toassigu this rating. ~rhistechnique can beusedto generate the task difficulty
ratings used to analyze tasks a~:cording to tasks and work modules — Section 3.2.)

Workprojles (Figure 2-15 and Section 6.4) allow the design team to identifi possible
conditions under which TMC operators must execute too many activities simultaneously.
(40)lnthisway, theYare similar totime line analyses. This”approachconsiders
accumulated sequential task demands.
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Figure 2-13. NASA Bipolar Scale (after AM Technical Report 8S1, 1989).
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In the example of Figure 2-15, the demaods placed on edch operator are represented in
terms of a percentage of available workload capacity. The example analyzes a scenario in
which a driver enters a freewa[y and begins to travel in the wrong direction — a condition
likely to secure the attention clf the TMC. The shaded area shows a critical period in
which the demands placed on Operator 1 are rather high. Since the demands placed on
Operator 2 and Operator 3 are somewhat lower, tbe design team might conside a change
of task procedure in which one of these two operators notifies the supervisor of this
particular event.

While this type of analysis may seem excessively detailed and time-consuming, it need
not be performed on all tasks and work modules. Experience and fanction allocation
results will help to identify fu]~ctions that may place unrealistic demands on TMC
operators. We suggest that at this point in the design process, designers should focus only
on the most extreme workload conditions. Note that because the design process is
iterative, any design changes will invariably create new workload patterns,

Correlation matrix. In evaluating the adeauacv of a I-MC’S physical layout,
desi~ers can develop correlation-matrices ~ndperforru link analyses in
conjunction with one a~nother. The physical layout is considered in terms of the
TMC’s operational recluirements. These analyses may be very broad — as in the
arrangement of workstations, printers, displays, etc. — or very narrowly focused
on individual displays and controls. ‘4(’)

The correlation matrix identifies principal locations at which transactions occur
— human and machin(> — and the relative frequency with which each system
component interacts with each of the other components. Observation is the best
means of obtaining these data (perhaps during simulations conducted throughout
the design process). The result is a matrix similar to the mileage chart on a
highway map. The example matrix shown in Table 2-2 (representing transactions
occurring in the TMC sontrol room of Figure 2-17) indicates the number of
interactions — between three operators (Stations 1-3), the shifi supemisor, the
radio room, and a line printer — that occur d~ring a given shift. Each intersection
represents the number of interactions that occur during this period of time. The
operator at Station 1, for example, interacted with the operator at Station 2 a total
of 14 times, and only operator 1 interacted with the suloervisor (7 times). These
results seine as input to a link analysis. Figu~e 2-16 provides an example of an
alternative method for displaying link analysis results.

Table 2-2. Sample correk~tion matrix (see Figure 2-17 for adjacency diagram).

z’”:

Radio

Station 1 StatiO” 2 StatiO]l 3 Roo!n ?rinter Supervisor
Statio,lI
Statio!>2 14
Station3 6 17
RadioRoojn I 3 9
Printer o 4 0 0
Supervisor 7 0 0 3 2
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Figure 2-16. Method of displaying fink analysis results.

@ Link analysis. Figure 2-17 shows a TMC control room schematic on which the
results from the correlation matrix of Table 2-2 are reflected. FiWre 2-17 is
sometimes referred to as an adjacency diagrafn. Here, critical physical links are
drawn. Frequent interactions between two control room components are reflected
by heavy lines, and less frequent interactions are indicated by narrower lines.

Given the adjacency diagram, designers can identify a poorly conceived control
room layout — where the arrangement of control room components does not
accommodate actual link requirements. Suppose, for example, the left-to-right
ordering of workstations was 2, 1, and, 3, The operator at Station 2 would be
obliged to talk across operator 1 to operator 3 on the order of 17 times during a
typical shift. A finer analysis is shown in Figure 2-18, where the same approach
Ilas been applied to evaluate the layout of workstation controls and displays
according to their sequence of use. As discussed in Chapter 10, link analysis may
assist in woricstation specification. More detailed discussions of link analysis are
found in References (40) and ( 122).
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2.2.5 Identify sources of human operator er]ror

Unfortunately, operator errors will always occur, no matter how carefally designers try to
guard against them. Designi]fig a system to accommodate operator errors has three goals:
(1) identifying the operator tasks for which emors are the most likely to occur and cause
system performance problems, (2) designing the system such that error likelihoods are
reduced, and (3) designing tl~e system such that negative effects of any errors tiat do
occur are reduced.

Why should designers ider!tify sources of error? Within any TMC, two sources of
error exist: human and machine. As noted in Chap:er 4, while most TMC detilgns have
addressed the problems of machine error (e.g., faulty output), many have ignored human
error. Because human behavior is inconsistent, human errors are more difficult to resolve
than are machine errors. h addition, the causes of human error, as well as approaches for
reducing and alleviating error, are not familiar to hardware and software developers.
Predicting and addressing h{]man error is a specialty of human factors engineers.

Several sources of information address human error. A discussion of human error and
general guidelines for preventing and reducing human error are provided in Chapter 4.
Chapter 5 focuses on the interactions between operators, tasks, and the environment that
impact the likelihood of errors. Errors specific to human-computer interaction are
discussed in Chapter 11. More detailed treatments of human error are found i]~References
(7), (89), (98), and (122).

Procedures for identifying sources of error are available. Figure 2-19 provides a
typical sequence of error analysis activities (Note that this procedure is an elaboration of
activity 2-9.3 in Figure 2-9) Perfom au error analysis whenever the design team’s
judgment calls for it — genf>rally when some procedure seems to ca~ a high risk of error
or unusually severe error consequences.

Previous design experience may help in estimating human error likelihoods. Jf a given
task has already become accepted within TMC environments (i.e., it is currently being
performed in an existing TMC), or if a clearly analogous task is available as a model,
designers can — through interviews and observation — develop reasonable estimates. If
no task is available to serve as a model, a simulation maybe required.
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Note that a simulation under these circumstances should conform to the “rules of
the road” prescribed for test and evaluation (Section 2.3.1).

After observation or simulation, the design team will be in a position to (1) estimate the
likelihood of an error under the present design concept and (2) assess the consequences of
such an error. These assessments may suggest a change in design strategy, requiring
another iteration in task and job design. Similarly, an OSD may indicate points at which
multiple inputs and outputs may increase error potential and error cost.

Methods and tools for analyzing human error are available. Many tools used in other
areas of task analysis and subsystem design can be applied to human error analyses.
Workload profiles, for example, will indicate conditions under which operator task
demands are high. Errors are more likelyunder such conditions. Note also that high task
demands may occur when critical conditions prevail in the TMC. During moments such
as these, the cost of an operat{~r emor maybe unacceptably high.

In identifying errors that result from design decisions, designers can apply a rarlge of
simulation techniques (e.g., rapid protot~ing, mockups, or — when they are available —
full-task or pafi-task simulators) throughout the design process. These techniques are
discussed in more detail in subsequent steps. Recognize that even if these techniques
seem extravagant, the cost of a poor design may well outweigh the temporary
complication of several design iterations.

2.2.6 Identify human performance constraints

Two identical computer systems will share almost identical performance characteristics.
On the other hand, the performance characteristics of two human operators will likely
differ in many ways. The performance of a single operator w1l vary according to the time
of day, task demands, and otkler internal and external influences (e.g. >individ~~l skills
and knowledge, or perhaps personal problems). Desi~ers must consider these variations.
When the demands of any given moment challenge human limitations, the human
element can become the TMC’s weak link. On the other hand, when a TMC is designed
to accommodate human limitations, the human can be the key factor in averting disaster.

Why should designers idenltify human performanceconstraints?Unsuccessful
operator-in-the-loop system designs are often the result of insufficient attention to humatr
capabilities and limitations. In some instances, designers are unfamiliar with human
performance constraints. k other instances, designers rely too heavily upon the
assumption that increasing automation will reduce the likelihood of human error. k fact,
this kind of assumptiol~ can cause problems. The design team might be led to believe that
a design requiring the operatf>r to behave solely as an executive controller (Section 2.2.3
and Figure 2-4) will reduce operator errors. Under this design philosophy, human errors
may actually increase. Monitoring activities (tWically associated with executive
controller roles) performed over extended periods of time tend to promote boredom and
fatigue. A number of accidents and disasters can be traced tc task environmerrts in which
the crew had little to do but monitor system status.
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The ATMS-level TMC operator should remain aware of the traffic and system statis and
be ready to respond. The benefit in maintaining the presence of a human component in
the TMC is realized when the demands of a traffic crisis exceed an automated system’s
ability to respond appropriately. The relationships between human and automated
components, as well as the design that incorporates both components, must be based on
an understanding of the capabilities and limitations of the human operator and how
system design affects the system’s capabilities and limitations.

Several sources of information address human performance constraints. Chapter 5
introduces the topic of human performance constraints. However, a thorough treatment of
this topic is far beyond the scope of any design guideline document, At this stage of the
user-centered design process, including a human factors engineer as a permanent
member of the design team is strongly recommended.

An important consideration is that of compliance with the provisions of the Americans
with Disabilities Act (ADA). A certain segment of the design process requires (l) the
identification of task performance standards that may exclude persons with certain
disabilities, and (2) the design of tasks to include disabled persons wherever practical.
Reference (1 18) describes the ADA Widelines,

Procedures for analyzing human performance constraints are available. Figure 2-20
outlines a procedure for analyzing human performance requirements and constraints. The
order in which activities 2-20.2 to 2-20.6 occur is arbitrary. In fact, since these activities
tend to interact, they are considered in parallel. Human performance is an extraordinarily
complex subject, and predicting human performance is never precise.

Special attention should be given to each significant task — where “significant” refers to
a task that depends on some human action or decision for its successful implementation.
Most operator tasks require some degree of attention and vigilance (e.g., monitoring of
system status), When the ability to detect unusual (perhaps critical) conditions is essential
to successful task performance, alarm and display characteristics must be considered
carefilly. If the operator must detect a critical condition, the indicator for that condition
must be detectable under operating conditions. It must accommodate human sensory
limitations, environmental conditions, and other performance constraints.

When human performance constraints have been analyzed, preliminary results should be
integrated into the evolving system design. As always, however, as the design evolves,
they are subject to modification.
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Methods and tools for analyzing human performance constraints are available. An
important resource for predicting operator performance in a new desiEn is the knowledge
ofoperator performance ofsimilar tasks in existing systems. Previous experience is
extremely important inpredicting human performance. Ifprevious design experience is
unavailable, telephone calls to other TMC’s and/or to other similar control room facilities
may beusefui. Even anecdotal evidence mayimprove a design.

Workload and error anaiyses identify points at wl~ich human performance will be
challenged. Important situations to examine maybe scenarios in which crises erupt with
little warning or preparation (e.g., rush hour incidents). In such cases, a critical problem
maybe the operator’s ability to recall procedures implemented only in emergencies. Sin~e
emergencies wilI — we }Iope — be relatively infrequent, respective procedures may not
be as reliabiy encoded in memory as routine actions performed during every shift. Design
features such as user aids and decision aids (described in Chapters 6 and 12) maybe
required

Simulation a~d other test and evaluation techniques will help in identifying perfOmace
problems overlooked in earlier design iterations. This is one reason fomal testing is
never an extravagance in system design.

2.2.7 Design jobs

A job is a collection of tasks assigned to a single employee catego~. Within this context,
it refers to a coherent set of activities for which a single TMC operator is responsible.
During the job design process, interaction among tw~ or more oPerators is considered.
This design phase typically follows the initial finction allocation md task analysis, and
once the finai TMC design begins tostabilize, jobdesign begins ineamest.

Why should designers conduc$ a job design analysis? A thorough initial task analysis
documents a list of tasks that must be performed by someone in the TMC. The job design
assigns these tasksto specific individual operators. Nomatter howwell documented the
task analysis, the effect of performing a set of tasics under operational conditions is never
entirely clear until alltasks preassigned toidentifiable personnel and tested. An
understanding of personnel qualifications, training issues, work schedules, motivation,
and teamwork requirements is required.

Frequently, the analysis is performed infomally and it continues to be revised as
problems appeal- while personnel are actually performing tasks. This approach is not
recommended. Attention tojob design issues during thedesign phase wiiisaveconfision
when the TMC is operational.

Several sources of information support the j oh design analysis. Chapter 6 discusses
job design issues in detail. References (36), (56), (108), and (122) provide additional
background material. Referring to a diverse set of resource material is extremely
impofiant for most design teams, particularly those composed of hardware and software
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designers, traffic engineers, and architects. Job design is a complex process and should be
viewed as a legitimate step in the user-centered design process,

Procedures for conducting a ,job design analysis aI,e available. Figure 2-21 identifies a
sequence of activities typically associated with job design. Job design should begin with
thedevelopment ofaprototWe. Observing operators during their performance of existing
similar jobs (a “walk-througti’ technique) can support prototype development. P, number
of issues that might not have b(sen evident — or effectively answerable — during the
analysis ofdiscrete tasks canb,s addressed during tie job design phase. These issues are
discussed below,

@ Sources oferror associated with tIlejob. Such emorsmight appear only after
task analysis because tk~eyarise from operator-operator interactions and
operator-TMC interactions. Communications problems between operators aod
other personnel, as wel!astraiuing issues, may becorneevident at this step in the
design process.

~ Moti~ation andtaskd.esign. Within thecontext of job design, high motivation is
supported by job diversity, task significance, operator autonomy, and performance
feedback. k this sense, motivation does not refer to compensation, reinforcement,
work environment, or c,ther such factors that are independent of the nature of the
tasks assigned to a given job. These factors are sometimes referred to as hygiene
factors.

@ Job-related workload,U nlilcet heworl<loadp roblemsa nalyzedi ntaskdesign,
the workload problems considered here are those that derive from the number and
pacing of tasks during normal — and non-normal — TMC operation. These
problems are reflected ].nthe demands of work schedules, fluctuations in traffic
levels, and the division of work across TMC operators.

@ Work schedules arndtask allocation. Bystudying thenature ofjobs assigned to
TMC operators and the manner in which these jobs change as work demands
change, designers can i[istnbute workload more evenly.

@ Design foroptimal jobperformance. Thisjob desi~activity reflects the
integration of other design efforts (e.g., configuring controls and displays,
workspace layout, satisfying environmental standards, and requiring
ergonomically-designed furniture) that are intended to enhance job performance.
Procedures and goideli]~es for assuring optimal job performance are offered in
Chapters 7 through 13,

@ Design forindividual differences. This effoflreconciles TMCjob design with
the characteristics of individuals who will operate the TMC. Here, the
consideration of any established job standards and compliance with the ADA are
appropriate.
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Methods and tools for completing a job design analysis are available. Many oftbe
techniques used in analyzing operator tasks, identifying sources of human error, and
analyzing human performance constraints are also applicable to the job design step. Note,
however, that because job design occurs relatively late in the design process, its
respective tools are more likely to require observation, testing, and evaluation of
prototype activities. Job design problems often have such complex antecedents that their
importance will not emerge until the design team begins assessing job performance under
realistic conditions.

2.2.8 Design the physical environment

The TMC’S physical environment consists of design elements that allow the system —
both human and machine com~]onents — to function effectively. hcluded are tbe
following types of environments: atmospheric (heating, ventilation, and air conditioning),
visual (pnmaW and supplementary lighting), acoustic (background noise and interior
acoustical properties allowing operators to communicate), and the physical design of the
workspace (access, dimensions, and fixtures). Some featires of the physical environment
are mandated by public law (e.g., access for the disabled). Other features are based on
established design practice (e.g., lighting standards for designated work areas).

Interactions among environmental factors. Environmental design guidelines are
influenced by human factors concerns, Illumination levels within tie TMC contl~ol room,
for example, must be sufficient to support all visual tasks. On the other hand, th,:y must
not interfere with operators’ abilities to view video displays (e.g., glare). Illumiclated fire
exit signs are essential, but poor placement can cause distracting reflections on display
screens. Again, designers should consider environmental design issues in conjunction
with other human factors design issues,

Procedures for designing the TMC’S physical environment are available. Procedures
for designing the TMC physical environment are summarized on Figure 2-22. Designers
should begin with a protot~e of the TMC’s physical environment, perhaps no more than
a conceptual floor plan. Using common standards, the team can begin to establish certain
environmental requirements: general lighting (supplemental lighting will be added later)
and acoustic requirements (where TMC jobs have been considered), characteristics of
visual and auditory displays being developed in parallel, and air quality requirements.

While considering initial environmental requirements and the development of displays
and workstations, the design team should begin to assess how the workspace will be used,
This activity may be carried out by the design team alone, particularly at first, but will
eventually require involvement from the architects and engineers who will prepare and
execute the final plans. Finally, the initial results of environmental design should be
incorporated into the existing TMC design and revised as the system evolves.
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Methods and tools for desig]aing the TMC’S physical environment are available. The
design team has access to sev~:ral methods that support design of the TMC’S physical
environment. These methods are discussed in the following paragraphs.

~ Site visits. Some of the best ideas will come from viti,ts to other TMC ‘s. The
benefits of a particular design concept can be seen most readily on a firsthand
basis, although drawn plans and photographs may be helpful. Observation of
effective designs in ATMS-level TMC development can prevent unnecessary
“reinvention of the wheel.”

@ Models. Sometimes an inexpensive physical model made of foam, balsa, or

cardboard will help in visualizing the final gsometry of the TMC and in isolating
potential problems. Models may be no more complicated than line drawings, but
in some instances three-dimensional models supplemented by careful scale
replicas of major pieces of furniture and fixb~res may be in order.

e Computer-aided design (Cm). An alternative (or s~pplement) to physical
modeling is computer-aided design (CAD). CAD tools offer flexibility. The
drawings they produce can be modified quickly, and ~when produced by an
experienced CAD user) are less time-consuming to create than a physical model.
Modem CAD packages can provide extremely realistic views of the emerging
design. Visual interference problems can be detected. CAD images can even be
combined with animation to provide a “walking tour” through the future TMC.

@ Link an51ysis. Broadarea link analysis (adjacency diagrams — see Fi~wre 2-17)
can be applied at this :point to assure that operator workstations and other key
TMC components are located appropriately.

2.2.9 Design and specify workstations

At the time the design team is considering bow the TMC workspace will be used, it
should begin designing and s)?ecifying TMC workstations. When workstations are to be
configured from commercial off-the-shelf components, this task will require catalog
searches and negotiations with vendors. In some instances — when, for example, the
control room is too small to t[old separate workstations — customized fixtures (i.e.,
designed specifically for the TMC under development) maybe required. The layout of
workstations and other fimiture and fixtures should be specified as part of the overall
workspace design (Section 2.2.8). Designing workstations for comfort and suitability is a
separate issue, and one that is supported with a number of experience-based guidelines.

Why should designers consider workstation design and workstation specification?
Poorly designed workstations and supplemental furnishings (e.g., chairs) can cause
discomfort and perhaps occupational injuries (e.g., “oackstrain, cervical stress disorder,
carpal tunnel syndrome, and :repetitive stress disorders). Poor workstation design can alsc
limit productivity. A good design will contribute to producti~~ity and employee health and
morale. Designing the workplace to accommodate the characteristics and capabilities of

2-47

—



Sb-z



W
A

I



Integration considers workstations within the context of the total system.

@ Can operators see large-screen displays and map displays’?
@ Can operators communicate effectively with one othel-?
@ Can normal movements between workstations and movements into and out of the

control room be accommodated?

The issues surrounding these questions may seem too obvious to require emphasis.
However, one of the most common configuration problems in existing TMC’S is the use
of workstation consoles that are so tall they block a seated operator’s view of the bottom
row of CCTV monitors.

Methods and tools for designing and specifying TMC workstations are available.
Workstation design is precise. A number of existing tools and specific guidelines can
support this design effort. An experienced human factors engineer can complete the
workstation design effoti efficiently. The following techniques will help to refine the
process.

~ Drawings. Preliminary sketches, ranging in detail from pencil drawings to CAD
specifications, can initially guide tbe design effort. They will help the design team
maintain its focus on vital operational considerations. All too often designers
become involved in details of the design — when at this step, design objectives
should be their focus.

@ Computer-aided design [CAD). Current CAD systems allow designers to create

precise three-dimensional representations of TMC workstations. Wireframe
human operators reflecting specific populations can also be represented.
Specifying a “95th percentile American male,” for example, will allow designers
to verify knee clearances and reach envelopes easily. Adjustments to the
workstation configuration can also be made easily. CAD methods allow the
integration of all physical points of reference within the TMC. Architecture and
engineering consulting firms are equipped with sophisticated CAD systems. More
economical CAD services may be available through a university.

@ Link analysis. Detailed link analyses (Figure 2-17) can be performed here.
Results obtained from the task analysis should be used. A link analysis will help
identify possible problems in control and display placement. Installation of a
telephone lce~ad to the left of a central video display, for example, may require a
right-handed operator to reach across the video display, or use the non-preferred
hand. If accuracy in IceWad entry is critical, this design solution maybe
inappropriate. A supplementary display may distract the operator’s attention from
important system status displays. In one TMC the authors visited, the required
position ofa mouse pad conflicted with the desirabIe location for a ring binder
that contained operating procedures. A link analysis will identify problems such as
these. CAD and/or rapid prototyping techniques will facilitate the testing of
alternative design solutions.
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@ Reach envelopes. Workstations must accommodate an operator’s ph~ical range
of motion. Frequently-used controls must be seen and manipulated easily. A
poorly placed video n~onitor, for example, may force the operator into an
uncomfortable posture and contribute to worl<-related medical problems.
Satisfying standard reach envelopes (Chapter 7) can greatly reduce the likelihood
of such design deficiencies. Commercially-available templates may help in
developing preliminary design drawings.

e Mockups. In some instances, full-scale foam core mockups maybe extremely
helpful — especially for innovative designs that have not been implemented
elsewhere. In assessir~g a controls and display layout, designers can “mockup”
controls and displays in cardboard or balsa and attach them to a workstation
mockup. Trained operators, in assessing the workstation mockup, can identi~
design problems that would otherwise remain undetected.

2.2.10 Design and specify controls and displays

Integral to any TMC workstation are the means by which operators enter and receive
information. Controls allow TMC operators to guide certain traffic parameters (e.g.,
traffic flow) within the limits of the TMC’s mission. Displays provide status information.

Why should designers consider the design and specification of TMC
controls/displays? Poorly dt?signed controls and displays can have a profouncl effect on
TMC operations and operators (e.g., cognitive information processing deficiencies, faulty
situation assessments and def:isions, inaccurate data and command entry, occupational
stress, and the general loss of operating efficiency).

Dim, low-contrast, or glare-prone video displays can cause eyestrain and errors. Illegible
maps or displays, the improper use of color coding, HVAC baci<ground noise that
interferes with required conversations between operators create problems in information
flow. Correcting a poor design (once it has been implemented in hardware and. software)
is often inconvenient, disruptive, and costly.

Several source5 of information that support the design and specification of TMC

controls/displays are available. Chapters 8 and 9 provide background information and
general guidelines for the design of controls and displays. Additional information can be
found in the Amel,ican Natio,~a[ Standard~t]i Muman. Factors Engineering of Visual
Display Te),minal Workstaticjns (ANSUHFS 100- 19X8), prepared by the Human Factors
Society; ‘e)Human Engineering Guide lines,fbr Management Information Systems
(MIL-HDBK-76 1A), a Depa]fiment of Defense standard; “o)Human Factors oj’
Workstations with Visual Displays, prepared by IBM; ‘t’) and Human Factors Design
Handbook, authored by Woodson, Tillman and Tillman, (‘Zs)

Procedures for designing a]mdspecifying TMC controls/displays are available.

Activities associated with the design and specification of controls and displays are
actually a subprocess oftbe workstation design effort (Figure 2-24). Controls and displays
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are considered separately because of the established body of knowledge and standards
associated with them

TMC controls and displays should be defined according to (1) the type and quantity of
information that they must process and (2) the capacities and demands of the operators
who will use the information they provide. Results of the task analysis will suggest
information requirements. h turn, these requirements will drive control and display
designs.

Once display types have been determined, the guidelines and standards of Chapters 8 and
9 will help in specifying display quality. Emphasis should be placed on the development
of display performance standards. Brightness, contrast, and resolution of visual displays,
for example, should satisfy operators’ requirements for clarity and visual comfort. If
headsets are required, comfort, as well as sound quality, are important considerations.

Control and display design is an iterative process. A given display, although acceptable
when viewed on its own merits, may represent an inappropriate design solution when it is
integrated into the TMC. A high-resolution, wide-screen map display may look
impressive when mounted on the top of an operator’s console, but it is ineffective if
operators are located such they cannot appreciate the map’s details.

Methods and tools for designing and specifying TMC controls/displays are
available. The challenge in designing and specifying TMC controls and displays is
integrating designs and specifications into the complete TMC. The procedures outlined in
Sections 2.2.8 and 2.2,9 can also be applied at this step in the user-centered design
process. Determining appropriate standards for control and display design requires a
rather straightforward application of the guidelines presented in Chapters 8 and 9. Some
knowledge of the fundamentals of display technology and human sensory processes is
helpful,
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2.2.11 Design and specify user interfaces

TMC operations require human and machine activities to be performed in concert. If the
smooth execution of system functions is desired, intel-faces between operators and
computers must be designed properly. The guidelines and standards for user-computer
interface design are relatively new and less stable than designers typically prefer. The
current status of these standards and guidelines will present the most significant challenge
to the TMC configuration effort

Why should designers specify and design the TMC’S user interfaces? Many of the most
troublesome human factors problems that exist in operational TMC’s are derived from
poor usel- interface design. One common problem is the continued use of command line
interfaces that require operators to memorize commands that have little, if any, inherent
meaning.

Another common TMC interface problem can be attributed to “error traps” — procedures
that carry an unacceptable risk of user errors. Some of these errors may have negligible
effects, while some may be critical to TMC performance.

Several sources of information support the design and specification of the TMC’S
user interfaces. Chapters 11, 12, and 13 provide background information and guidelines
specific to interface design. References that provide more detailed information include
Schneiderrnan’s Designing the User Interface: Strategies for Effective Human-Computer
Interaction; (10>)Guidelines, for Designing User interface Software. by Smith and Mosier;
(10~)and M1~-HDBK.76 IA Human Engineering Guidelines for ~anagement Information

Systems. ’40)

Procedures for de5igning and specifying the TMC’S user interfaces are available.

Figure 2-25 recommends a sequence of activities for developing user interfaces, The
procedure is similar to procedures used in developing system hardware. The difference is
in the presence of two evaluation cycles — one for developmental iterations (during
which the interface design evolves) and one for user acceptance testing (during which the
interface’s suitability in an operational environment is verified).

As in other subtasks, the first activity is to develop an interface concept. This concept
should be based upon a knowledge of the types of interfaces available, as well as their
strengths and weaknesses (Section 11.9). Tasks to be performed (developed in the task
analysis step) should also be considered. Tile interface concept should be task driven
rather than technology driven.

Initial testing can be conducted via simulations of various levels of realism. (The level of
realism associated with a given simulation is also referred to as,fideli~.) This type of
simulation activity provides au excellent opportunity to incorporate rapid proto~ping
(described below). At this point, the objective is to develop a “look and fee~ of the user
interface.
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Designers should then develop design criteria: display requirements, dialog strategies, and
training requirements. These criteria should be verified externally — by experienced
operators, traffic engineers, and others who have experience in interface design. An
external review of the design criteria is important for the same reason a review panel was
used in evaluating the TMC mission statement and design concept (Sections 2.2.1 and
2.2.3). The design team can develop “tunnel vision” and overlook problems that others
who have had no role in the developmental process will readily identlfi. At his point,
designers can begin considering data presentation issues (e.g., data fusion — Section
13.6).

User acceptance testing is a strict requirement and many software developers have
learned to appreciate this process. User expectations and perceptions do not always agree
with those of the developer. Rigorous evaluation procedures must be employed during
acceptance testing (Sections 2.3 and 11,3-11 ,5). A prelimina~ test of training plans, user
aids, and user documentation (Chapter 12) should also be conducted.

Finally, user interfaces should be incorporated into the TMC design. b this manner,
design consistency and suitability can be assessed. Final development of the training plan,
the training implementation plan, and user documentation should be completed,

Methods and tools for designing and specifying the TMC’S user interfaces are
available. Some interface design tools are shared with other steps in the user-centered
design process, and some are unique. The methods recommended in this docment are not
the only ones available, but they represent the authors’ best estimate of the tools most
readily available and usable for typical TMC design teams.

Function allocation and task analysis. These steps, perfomed early in the
design process, provide the foundation for interface design. The interface is driven
by operator task requirements.

Questionnaires and “thinting aloud” analyses. These methods (Section 11,2.3)
are helpfil in evaluating interface consistency. A questionnaire is usually
distributed during a structured interview, where an interface designer (perhaps a
human factors engineer) queries an experienced operator on aspects of a given
interface design. Questionnaire responses can identify deficiencies in the logic
that underlies interaction procedures. The “thinking aloud’ method allows the
designer to observe the thought process that develops while the operator navigates
the interface, Questionnaires and thinking aloud analyses are best used in
conjunction with one another.

Concept sorting. Concept sorting (Section 11.3. 1) is useful in assessing the
characteristics of expected users, The technique addresses the distinctions in
novice, intermediate, and expert users — distinctions that must be addressed
during the interface design effort, in formulating the training plan, and in creating
user documentation.
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@ User modeling. User models (Section 11,3.2) describe the sequence of mental
and physical operations a user must perform in order to complete a task. One
technique useful in generating this kind of information is the GOMS (Goals,
Operators, Methods, SelectiOn Rules) approach. The GOMS approach is
essentially a task analysis, In some instances taslc analysis results can be readily
converted to a GOMS format (Section 11.4.1). GOMS models provide a
qualitative assessment of user-interface interaction tasks. The cognitive
complexity model (Section 11.4.2 and Figure 11-4) provides a quantitative
assessment of such tasks.

0 Surveys and observation. These methods are especially useful in assessing user
acceptance (Section 11..5,3). However, in applying these methods, designers
should refer to test ancl evaluation principles (Section 2.3).

@ Workload analysis. This type of analysis (Chapters 4, 5, and 6) can be applied to
human-computer interface tasks as a means of determining interface design
effectiveness. Observation and experimentation, in conjunction with subjective
assessments (Section 2.2.4) can also be used effectively.

o Rapid proto~ping. Rapid protot~ing is a commonly used interface evaluation
technique, Special software tools allow the development of interface prototwes.
The most sophisticated tools allow potential users to interact with desig:n
prototypes. Given a sophisticated rapid prototyping tool, designers can provide
preliminary test and evaluation environments, as well as create interface designs,
Rapid prototyping teclmiques offer speed, flexibility, and realism to the design
effort.

2.3 Principles and Methods of Test and Evaluation

Human factors test and evaluation principles (HFT&E) are necessary to ensure that the
design of your TMC meets the generally accepted principles of human factors
engineering, plus the special b,umm factors requirements associated with a specific TMC.
HFT&E provides a way to measure the human factors aspects of TMC design and to
evaluate those measurements against specific design criteria.

In addition to formal HFT&E, design of the TMC may require numerous small
experiments. These may help designers choose between two different monitor sizes,
select the control characteristics of the mouse or joystick controllers, test operator roles in
an automated VMS system, or address other issues of this nature. Such small experiments
should generally follow the HFT&E process although procedures and documentation may
be less formal.
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2.3.1 Overview of human factors test and evaluation

This section describes the principles and methods for HFT&E. It covers why you should
test, when you should test, what you should test, how you should test, and what you
should do with the results.

HFT&E is most effective when it is a continuing process that accompanies user-centered
design, rather than a one-shot, pass-or-fail activity conducted near the end of TMC design
or implementation. Thus, the most important principle of HFT&E is test early and often.

HFT&E is the process that tests and evaluates the design of the operator interfaces in the
TMC. Thus, it should be conducted at each stage of design. Different methods and
procedures are used at different stages of design. Therefore, the same set of tests are not
conducted over and over again.

It will be rather difficult to plan and conduct a program of HFT&E without the services of
someone who has experience in HFT&E. Qualified consultants can be found at many
consulting firms (especially those that specialize in human factors) and in industrial
engineering or psychology depatiments at some universities. One word of caution,
though: Human factors is a broad field, with many sub-specialties, and many human
factors specialists have little experience in conducting HFT&E. If available human factors
support personnel (either in-house or contractors or consultants) are not experienced at
HFT&E, the following section provides limited gaidance.

Properly conducted, HFT&E will result in the following benefits:

@ The end product, the user interfaces in your TMC, will meet accepted standards of

human factors engineering and will be tailored to specific TMC requirements.

@ Mistakes and problems in the design of the user interfaces will be detected and

comected early without compromising your budget or schedule.

@ It will be easier to train operators because the interfaces they use will be easier to

learn and easier to use on the job.

On the other hand, omitting or under-emphasizing HFT&E results in an increased risk
that:

@ The user interfaces will have flaws that were not discovered in time to fix them
without impacting schedule and budget.

~ MOre resources must be devoted to training operators to work around the design

problems in their user interfaces.

@ The user interfaces will not meet general standards of human factors engineering,

much less the specific requirements of your TMC, unless more money and time
are spent to get the problems fixed.
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There are two primary types of HFT&E, fi~rmative and .su)nmaiive. Formative FIFT&E is
an integral part of user-centered design. It occurs throtlghout the design process land is
called~ormative because it helps form the design of the user interface. Summative
HFT&E is a formal evaluation of a design and is structured to produce pass/fail
judgments on design features. It is called summative because it renders a summary
judgement on design features.

2.3.2 Formative human factors test and evaluation

Formative HFT&E is the part of HFT&E that makes the strongest contribution to a good
design. It gets real users involved in the design process early on, and Iceeps them involved
throughout the design process. And, it keeps the designer (whether in-house or a
contractor) from going off and working in a vacuum without a good understanding of tile
requirements of the users.

Formative HFT&E is done as a cooperative joint venture with the designer, The users and
other subject matter experts wl~o participate in formative HFT&E serve as part of the
design team, though they play a different role than the programmers who actually design
and develop the user interfaces.

Of course, users and subject rn~tter experts must be involved throughout the user-
centered design process. They should support mission analysis and task analysis. They
should be the focus of activity in formative HFT&E.

In addition to involving users and subject matter experts, formative HFT&E should also
include evaluations performed by human factors professionals. These evaluations will be
similar to those performed in sl~mmative HFT&E, described ic, the next section.

lt is very important to begin formative HFT&E in the early stages of design, before too
many design decisions are made. Formative HFT&E should continue, iteratively, until the
final design of the operator interfaces is established. Each iteration should address
progressively more detailed issues (unless a second iteration is needed on a particular
problem discovered in a previous iteration).

Formative HFT&E should be conducted for a broad range of issues, including tke overall
layout of the facility and the selection of major configuration items (e.g., communications
system, large screen displays), as well as detailed issues such as the terminology to be
used in particular menus on the computer display.

In the early stages of design, the formative HFT&E should address issues relatecl to the
overall layout of the facility and the selection of major configuration items. As tl~e design
process proceeds, formative HFT&E can focus on more detailed design issues,

Formative HFT&E should be led by someone familiar with the design at each stage, Each
session should be conducted with a specified agenda, that is, a predetermined set of
decisions or issues to be consic[ered by the evaluators.
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A fundamental principle of formative HFT&E is that it should be an evaluation session,
not a design session. Don’t expect participants to design the interfaces themselves. The
designers should offer a design, or a small number of design options, for evaluation.
Sitting around a conference table asl<ing the users to describe “what they want” does not
quallfy as a formative HFT& session !

A formative HFT&E session should feature members of the design team and a~ocus
group made up of representative users of the system under design. Remember that users
may include supervisors and support personnel as well as the prima~ users: the TMC
operators. In forming a focus group for a TMC, consider including the following types of
individuals in the focus group:

TMC Operators: Operatorsin the currentTMC should definitely participate if they
are to be the operators of the system under design.

TMC Operators from other cities. In a city where a new TMC is being built and
there are no existing TMC operators, consider enlisting some operators from another
city’s TMC to participate in formative HFT&E. Also, if there is a neighboring TMC close
enough so that operators will have to coordinate witi each other, it will be a good idea to
get operators from that TMC to participate in the focus group.

TMC Managers and Supervisors. It is often beneficial for TMC managers and
supervisors to participate in the focus groups. The major drawback is that an overbearing
manager may suppress the creativity of the focus group. Other members of the group may
not feel free to disagree with the boss, and the process may degenerate into a group that
listens while one person expresses an opinion. The leader of the focus group should
structure the activities to prevent this from happening.

Representatives from other agencies. Given the involvement of the TMC in
incident management, it maybe productive to involve representatives from other
agencies, such as police, in some of the formative HFT&E sessions.

Independent human factors specialists. If there is a problem in getting enough
participants from the categories above, or if the expertise of the available participants is
too limited in the relevant subject areas, consider including an independent human factors
specialist in the focus group. This individual should have no other link to the project (in
particular, no involvement in the design).

The size of the focus group may vary from session to session, but in general the number
of participants for this type of HFT&E should be small, say, 5 to 10 participants. Fewer
than four may not provide enough breadth of experience nor diversity of opinion. More
than 10 or 12 participants tends to create a large, impersonal group that will devolve into
two or three participants who do most of the talking, while the others mostly remain
silent. It is bette], to assemble a small number ofthe correct individuals than a larger
number of “individuals who a],e tangentially related to the project.
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Desirable characteristics of a fc,rmative HFT&E session:

~ The session should be led by a member of the design team who is familiar with
the design and the design issues to be addressed in the session. It is preferable for
this individual to be experienced at conducting formative HFT&E sessio]ns. The
leader should be skilled at keeping the evaluation session on track, at framing the
issues and questions apl?ropriately, and at channeling disagreement within the
group into a constructive dialog rather than a competitive contest.

. The session should have a specified agenda — specific design features for the
focus group to review and design issues to address.

e Each agenda item should be a specific design issue, and there should be at least
one design option offered for evaluation. For some agenda items, there may be
two or perhaps three design options offered for evaluation. Avoid large numbers
of design options. Also avoid raising a design issue without offering a design
option — that is, don’t give the focus group a blank sheet of paper and ask them to
do the design.

o For each agenda item, the group should reach a consensus on a decision. The

decision could be to endorse the design (or one design option) offered for
evaluation, to endorse 21modification of that design, or to withhold any
endorsement until the design team does more work for consideration in ZLfollow-
UP session (or simply the next formative HFT&E session).

e In the process of considering the agenda items, the group may uncover additional
issues for consideratiolq. Some of these may be simple, and maybe resolved on
the spot. Others, however, may require the design team to take comments of the
focus group under advisement, go and do more study and/or design work, and
report back to the group in a follow-up session.

@ After the first formativ(: evaluation session, each subsequent session should
devote some time to reviewing the activities of previous sessions, and reporting
the status of action items from those sessions. This will help provide context to
the reviewers, and will help prevent the group horn revisiting closed issues.

The results of a formative HFT&E session should be documented. The formalib~ of the
documentation can vary according to the needs of the project. A simple way to document
results is to keep minutes of the meeting. One drawback to simply keeping minutes is that
they may not fully document the group’s consensus (or lack thereo~ on a particular issue.
The documentation should include a complete account of the disposal of each agenda
item, whether it resulted in endorsement, endorsement of a modification, or a deferral
until later. Document any modified designs (whether endorsed or simply taken for
consideration) with appropriate drawings and text descriptions.



DOES IT REALLY NEEOTO BETESTED?

A design firm with years of TMC design experience and millions of dollars in revenue is making a
pitch to modernize your TMC. They have the latest, greatest TMC software that everyone is using
everywhere. They’ll sell it to you at a fraction of what it would cost to develop this software from
Scratch, tailored to your TMC. Plus, one of the best features is that it “has a/ready beerr human
fac~ored!”Yes, it has windows and pull-down menus and its point-and-click and ifs multi-media
and everything. Even more, if you don’t like the colors or the fonts, you can customize them
yourself. Should you buy it? Possfb/y. Does it need HFT&E? Abso/ute/y. The presence of a GUI,
or any other buzzword that comes along, does not mean that the intetiace is properly designed
from a human factors perspective. Furthermore, just because an intetiace complies with the
general principles of human factors does not mean that it meets your specific requirements in
your TMC. Each TMC is different, Trafic networks and conditions, local policies, political
understandings about incident handling, the training and expeflence of TMC operators -- these
factors differ from one TMC to another. Ifs a good idea to avoid re-inventing the wheel, and there
are vast areas of commonality betieen TMC’S that can be leveraged to save money and share
lessons learned. But insisting that the system YOUbuy meets your local requirements is not the
same as re-inventing the wheel. If you are going to buy a generic software package for your TMC,
to be tailored by the vendor, require that the end product pass your HFT&E.

Expect suggestions to arise during the evaluation session. Participants will offer ideas for
design alternatives, or for new features not previously considered. Each suggestion should
be taken seriously, and should be taken under consideration by the design team. For
suggestions that arise during the meeting, assign action items to appropriate members of
the design team. At the next formative evaluation session (or through some other

appropriate means of follow-up), report the status or outcome of the suggestion. Be sure
that the originator of the suggestion is promptly informed, Once the formative evaluation
process is complete, it is usually wofihwhile to compile a cumulative documentation of
the formative evaluation sessions.

2.3.3 Summative human factors test and evaluation

Summative HFT&E is an evaluation process that renders pass/fail (or acceptable/
unacceptable) judgments on the design of the user interfaces in a TMC. It is sometimes
called acceptance testing. It can be structured so that it produces a single pass/fail
j udgement on the overall design of the user interfaces. Usually, however, it will be more
constructive to render pass/fail judgments on various design features (or subsystems)
individually.

Summative HFT&E is conducted in its final form after the design is complete, but before
the design is accepted. Much of the summative HFT&E can be conducted beforehand,
and should be if at all possible. Given that summative HFT&E will render a pass/fail
judgement on design features it should be conducted as soon as possible.
For desi&n featules that are to be evaluated by inspection, begin by inspecting the
documentation of the intended design. Problems maybe discovered at that point that can
be corrected before implementation is finalized, If there is a mockup or working
prototype of the system design, preliminary evaluations can also be conducted in these
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facilities. However, the final summative HFT&E must be couducted on the actual system
in its (presumably) final form.

Summative HFT&E should render an evaluation on aspects of the operator interfaces and
work environment that can be measured and compared to established criteria. Some of
these measurements can be performed by inspection or by use of standard ergonomics
instrumentation (e.g., sound pressure levels as measured by a sound meter). Obtaining
other measurelnents may require use of operators pe[-forming real or simulated tasks using
the system or a prototype.

Thus, summative HFT&E involves two primary types of activities:

~ Evaluations performed by human factors professionals, using an evaluation
checklist or other criteria. Examples of this type of activity include meajuring
levels of light or sound, counting the number of keystrokes or mouse clicks
required to perform critical tasks, and verifying that function key definitions have
been implemented as specified.

@ Perfomance-based testing in which representative operators perform real or
simulated tasks, and their performance is measured and assessed against
established criteria.

Typical features that can be evaluated in summative HFT&E, and how they can be
measured, are illustrated below.

Lighting levelsUse a photometer to measure general illumination and task lighting at
specific points of operation. If measurements of specific wavelengths
(colors) are needed, a spectral photometer must be used.

Sound levels Use a sound level meter to measure general ambient noise levels, and the
levels of sounds emitted by particular devices (such as alarms, bells,
loudspeakers). Use a sound spectrum analyzer to measure the level of
sound in speci~ic frequency bands.

Adjustment ranges

Distances

Viewing angles

Adjustment ranges of chairs, tables, display mounts, and similar
structures can be measured using rulers to measure dista]~ce, and
protractors to measure angles

Distances, such as viewing distances and reach distances, can be
measured using a tape measure and should be anchored to au
established reference point, such as the Design Eye Reference
Point (DERP).

Viewing angles can be measured using a protractor anchored to a
DERP.



Control actions

Task time

Accuracy/errors

Subjective opinion

The number of control actions (e.g., mouse clicks, keystrokes,
button presses) required to perform some taslc may be measured by
inspection or demonstration.

The time required to complete critical tasks maybe measured by
having representative operators perform the task and measuring the
elapsed time from a specified starting point to a point that defines
completion of the task. It is preferable to use multiple operators
perfoming multiple repetitions (or variations) of each task.

Accuracy in performing critical tasks maybe measured by
comparing actual performance to a standard or criterion for
defining correct performance. Depending on the task, errors may
be measured on the same scale as accuracy, or maybe measured as
discrete events to be counted and categorized.

Subjective opinion, such as the suitability of an interface to meet
the requirements of the tasks it supports, maybe measured by
exposing qualified raters to a demonstration (preferably hands-on)
of the interface, and then having them rate their opinions using one
or more Likert-tWe scales. For example, a scale might be
constructed so that 1 = ve~ unsatisfactory and 7 = ve~
satisfactory. Such a scale might be used to measure an overall
subjective opinion as to whether a given design feature is
satisfactory for its stated purpose.

Here’s what the human factors team should do in planning and conducting the summative
evaluation:

Develop and document a Method of Test (MOT). The first activity for the HFT&E
team is to develop and document the methods they will use in performing the summative
evaluation. This activity requires that eve~ aspect of the evaluation be thought through
and planned in advance. The focal point of this activity is the production of a draft
Method of Test (MOT) document. Figure 2-26 provides an outline of an appropriate
MOT document.

The draft MOT should be reviewed by program management and by other affected
parties. For example, the HFT&E maybe conducted as part of a larger acceptance test
program. If so, the overall manager of the test program should be given the opportunity to
review and comment on the MOT for the human factors part of the test. The HFT&E
portion may require resources that are not required by any other testing activity, and it is
important that these requirements be identified and understood by individuals who will be
responsible for providing them.

After feedback is received from reviewers of the draft MOT, a final MOT document
should be prepared. In a large HFT&E program, there might be several iterations of the
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draft before a final version is produced. Iu a small effort, the final MOT could be
produced on the second iteration with ve~ little change from the draft version.

Specify candidate test objectives. Each objective should be worded so that an action is
described, such as dete~mine, describe, measure, vert~y, ident(fy. Objectives are based on
established desigu standards, “listsof guidelines and recommendations such as this
document, performance requirements identified during function and task analyses, and
other defensible requirements. Each objective should address a single aspect of design.
Do not combine multiple aspects into a single test objective, that is, where it is
conceivable that one aspect could be passed and another failed, An example of this
problem might be: Ver~fy that all menus may be reachedjiom any other menu with a
maximum of three control actions and that the previous menu can always be accessed
with one control action. Even though you cm obviously test both aspects simultaneously,
they should be presented as separate test objectives and the subjective utility ttijt should
be judged separately on them.



Title:

.0 Introduction

1.1 Background – explain the context of the evaluation, who is petiorming the evaluation and for

whom, whose design is being evaluated, etc. This will provide the necessary context for a
reader who is not directly involved in the project to understand what is going on.

1.2 System Under Test – desctibe the system under test (SUT) at a high level, and refer to any
detailed descriptions that are available.

1.3 Test Objectives - present the specific test objectives to be accomplished by the summative
HFT&E, No elaboration is needed at this point.

1.4 Summary of Test Sessions – summatize the test sessions that will be condutied, in terms of
number and duration, schedule Of known, use exact dates, othewise use relative dates).

.0 Method

2.1 Objective 1:

2.1.1

2.1.2

2.1.3

2.1.4

2.1.5

2.1.6

2.1.7

2.1.8

Purpose – explain the purpose of the test objective.

Procedure - explain how the objetive will be accomplished in terms of what
procedures will be followed, how many repetitions, and any other descriptions
that are appropriate.

Critetia – state the ctiteria that will be used to render a pass/fail judgement.

Resource Requirements – state the requirements for hardware, software,
suppoting matetials, and personnel oncluding subje~s) associated with this test
objective.

Data Requirements - desctibe and define the raw data that you must measure
duting the test in order to accomplish the objective.

Data Reduction – desctibe the techniques you will use to screen, aggregate,
transform, or othewise reduce the raw data to create the detived data that you
will use in analysis. If no data reduction is required by this test objective, state
that fact.

Data Analysis -- desctibe the techniques you will use to analyze data and render
a judgement of whether the SUT passes or fails the ctiteria associated with this
test objective. Include a specification of inferential statistics that will be
calculated, if any.

Technical Risks – desctibe the factors that threaten the likelihood that YOUwill be
able to accomplish the test objective. (Note – this does not mean whether the
SUT will pass the test. Rather, it means whether you will be able to render a
judgment.) Identify and desctibe actions you will take to reduce the technical
risks.

2.2 Objective 2: _ [continue u.ti 2.N for N test objectives]

‘.0 Summary of Resource and Data Requirements

3.1 Resource Requirements - accumulate the resource requirements from each test objective
in Section 2 into an overall summary. Identi@ each piece of equipment, each software item,
all suppotitng material, all personnel requirements. For each item, indicate how many are
required and for what length of time. In prepating this summary, the common resources that
will Sewe multiple test objectives will be apparent.

3.2 Data Requirements – accumulate the data requirements from each test objective in Section
2 into an overall summa~.

,.0 Summa~ of Schedule - provide a summa~ of the schedule including relationship to any other
project milestones. Include an indication of when the various personnel, equipment, and matetial
resources are required.

~gure 2-26. OutIi~e for method of test.



If the standard applies to multiple entities, however, consider combining them into one
test objective, For example, if you adopt a standard that all menus should be accessible by
no more than three l<eystrol<es or mouse cliclcs from any other menu, an appropriate test
objective would be to VerL~ythat all menus may be reachedj%om any other menu with a
maximum of three control actions. In this example, the test objective is based on an
adopted standard that applies to all menus. Thus, if the system is to pass it must be true
for all menus.

Develop a technical approach for each test objective. Decide what methods will be
used to accomplish each test objective. Identify the resources (equipment, software,
personnel, facilities) that will be required to accomplish the test objective,

Combine procedures from individual test objectives into test procedures that can serve
multiple test objectives. For example, you could have subjects rate the comfort of their
new communications headsets after performing some tasl<s in which they wear and use
the headsets.

Identify and recruit Subjects. One of the most crucial decisions to be made in
acceptance testing for the TN[C is the identification of the su”bject population, the people
who will act as TMC operators in tests. These subjects should be as similar as possible to
the people who will actually serve as operators when the TMC is in oi~eration. Some
TMC’S require their operators to have college technical degrees; others require little more
than a high school education. Test performance may vary widely depending on the
qualifications of the subjects. One recommended approach for a new TMC is to integrate
the HFT&E schedule with tht~recruitment and training schedule so that the future
operators, themselves, will be available as the test subjects.

One major mistdce often made by design teams is to use their members as subjects. The
lmowledge that these people have developed during the design process should disqualify
them from being test subjects in all but the earliest pilot testing.

Conduct a pre-test/pilot-tesit/dry run of the summative tests. The method o:f test
should be conducted in a preliminary form (the results are not official). The purpose of
the preliminary test should be to ensure that the actual test can be conducted as planned.
Methods, including instructions to subjects, should be validated. hstrumentatiun should
be checl<ed out, and the measurements obtained from instrumentation should be verified.
Potential problems and their solutions should be identified.

It should be expected that the preliminaW test will reveal aspects of the test method that
need to be revised. Do not expect the tests to worl< perfectly as planned the first time!

Adjust the test plan as needed in accordance with findings from the preliminagr test and
comments from reviewers. Fi]te-tuning and minor modifications may be implemented
without need for additional preliminary testing. Major problems, however, warrant
additional preliminary testing before subjecting the system under test to its formal
summative HFT&E.
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Conduct the summative HFT&E. When conducting performance testing, the goal is to
provide conditions as similar to actual operating conditions as feasible and to keep those
conditions constant throughout testing. Do not allow visitors, telephone calls, 01-other
distractions during testing. Try to keep temperature, lighting, and noise levels constant.
Make sure participants are trained until their performance is stable (no significant test-to-
test improvement) for those tasks where stable performance is a prerequisite for proper
evaluation.

Some experimental data may be collected automatically using the TMC computers to
record data such as response times, operator control actions, and other such indices. In
general, though, most data will be recorded by human observers with pencil, clipboard,
stopwatch, and other such tools. Humans should be considered imperfect as data
I-ecorders. It is recommended that, at least iuitiaily, two such observers record the data
independently. If it is found that there is a very high degree of agreement between the two
individuals’ data sets, it may then be possible to reduce data collection to one observer.

At the conclusion of data collection, data maybe analyzed in two ways, descriptive and
inferential, as defined in the MOT document. For most pass-fail tests of a single system,
descriptive statistics will provide all of the data required. These might include:

e The percentage of Subjects that could initialize the system without assistance.
. The mean (average) response time to a computer message.
@ The mean number of joystick movements.

For tests to select between two or more alternatives (monitor brands, screen layouts),
inferential statistics will be required. SUCIIquestions might include:

~ IS screen layout A more intuitive than layout B as measured by the number of

subjects who could initialize the system without assistance?
@ Is screen layout A more legible than B as measured by the number of probe

vehicle icons found by subjects within 10 seconds?
@ Is headset A more comfortable than headset B based on comfort ratings?

Various statistical methods are appropriate, depending on the nature of the data and the
way that it was collected. For some statistics, for example, it is important that the data be
distributed as if it came from a normal, bell-shaped curve. For other statistical methods,
such assumptions are not necessary. The HFT&E consultant should play a major role in
designing tests from the standpoint of meeting these statistical requirements.

Document the results. The results of the summative HFT&E should be reported,
formally, to program management. The documentation should review the cOntext of the
evaluation, present the test objectives, describe the methods used to accomplish the test
objectives, and present the results. The results should be organized by test objective. For
each objective, present a “pass” or “fail” judgement. If the systems fails to meet the
criteria for any test objective, present design or management recommendations for
remedial actions.
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CHAPTER 3: ALLOCA~ING FUNCTIONS AND ANALYZING TASKS

CONTENTS
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3.1 Approaching Function ,4110cation and Task Analysis

The TMC is a complex and interdependent system of humans and machines, Proper
functioning depends upon the designer recognizing the roles of humans and machines
horn the beginning of the design process. Some tasks such as traffic sensing with loop
detectors will be performed entirely by automation, Others, lilce voice communication,
may rely entirely on human actions and decisions. But a fair share of the most critical
tasks will be accomplished through a human/system interface, with the operators and
computers contributing their own inputs and outputs, according to the task at.hand.

Design of systems for effective human use requires design approaches that are unfamiliar
to many engineers. Numerous otherwise well-designed systems have failed to meet their
designers’ expectations because the designers initially defined requirements in terms of
Jnachine capabilities, overloolting the requirements of the users. Design for effective
human use requires the same systematic approach used in the design of functional
hardware and software components. The analysis and design process is complicated by
the variability and complexity of human behavior and performance, but without such
analysis the system may not perform satisfactorily.

User-centered design is different from traditional design philosophies because of its
emphasis on analyzing the operation of the TMC in terms of functions and task required
for traffic mmagement rather than initially specifying machines and then training human
operators to operate them. Prc)per task analysis focuses on outcomes of the system, and
suggests ways to integrate the human and automated components of the system,

The techniques described in this chapter allow the designer to understand what TMC
operators and other personnel do in the execution of their jobs. hr this activity, the
designers subdivide TMC operational requirements and functions into a series of well-

3-1



defined activities. Thorough task analysis includes determination of inputs, decisions,
outputs, consequences, and opportunities for automation for each identified task.

Design analyses, as organized for this handbook, comprise several related activities.
These include function allocation and traditional task analysis, described in this chapter;
error analysis and the identification of human performance constraints, covered in
Chapters 4 and 5; and the design of jobs, discussed in Chapter 6.

These analyses typically employ the inputs of a panel of experts. A properly organized
analysis team includes experienced traffic engineers, managers, and operators along with
systems analysts, system integrators, architects, and engineers, including human factors
engineers.

It is important in the TMC design process that the analysis and design team include
members who are not intimately familiar with the existing system and procedures. If the
task is the development of a new TMC that replaces an older one, limiting guidance
sources to traffic engineers and managers of the old facility will tend to make the new
design derivative of the old one and ineffective practices maybe presemed. Familiarity
with old designs and procedures may blind designers to better ideas.

3.2 Performing Function Allocation and Task Analysis

The process of identifying, defining, md analyzing finctions and tasks is organized into
five interdependent operations:

~ Objectives definition. The step in which the top-level objectives of the specific
TMC are documented. One TMC may have special event parking optimization as
a major objective; another might manage traffic only on the freeways. Each TMC
may have different sets of objectives and priorities.

@ Function definition. The step in which all actions or functions necess~ to carry
out a specific TMC objective is defined and described in detail. These actions can
include one or more of the following to achieve the objective: information
collection, communication, processing, decision making, decision
implementation, planning, data storage, and administrative support.. These
functions are defined independently of how they are performed (i.e., by human or
by machine).

@ Function allocation. The step in the design of human/machine systems in which

system functions are assigned to the operator, to automated machine processes, or
to a combination of human and machine processes.

@ Human performance analysis. The identification of specific task criteria (task
completion speed, accuracy, and/or other parameters such as skill acquisition) to
be achieved by the operator based on system function requirements.
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@ Task analysis. The systematic breakdown of a task into its elements includes a

detailed task description of both manual and mental activities, task and element
durations, task frequency, taslc allocation, task complexity, environmental
conditions, necessary clothing and equipment, and other unique factors involved
in, or required for one {or more humans to perform a given task.

3.2.1 Objectives definition

The determination of system objecfi.es is driven by the estabhshed mission of the TMC.
For example, a list of basic system objectives that should be used to guide the design of a
generic “idea~’ traffic management system was defined by structured interviews with a
group of traffic management experts who were nominated by I:heir peers as visionaries.
These objectives include: ’47)

@ Maximize the effective capacity of existing roadways,

@ Minimize the impact o:f roadway incidents (accidents, stalls, fallen debris, etc.) on
travel times without compromising public safety.

e Assist in the provision of emergency services

@ Contribute to the regul;~tion of demand.

@ Maintain public confidence in the traffic management system,

3.2.2 Function definition

Function definition proceeds horn the specifications, requirements and constraints
identified and validated in the first design stages (Sections 2.2.1 and 2.2.2), At this point,
~un.tions are identified and constructed as broad statements of work to be perfomed by
the system as a whole in order to meet its mission objective(s). The function list should
include every operation and activity required to meet these objectives. Note that, at this
point, we have not yet defined whether activities will be performed by humans, by
automated equipment, or jointly by a human using a computer, Table 3.1 lists 1(34 generic
TMC functions derived by one organized analysis team.
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Table 3-1. Generic TMC functions.

iN PUT I THROUGHPUT I
Detect vehicle locations I Assess cument load I
Detect vehicle speeds I Anticipate near term traffic conditions I

Sense roadwav surface conditions ~ Select best traffic control o~tion I

Receive BIT repons Determine need for incident detection suppon

Receive ad hoc component status repotis Track special vehicles

Sense visibility conditions Predict traffic conditions given cument options

Verify incident data Determine remedial maintenance needs

Monitor incident clearmce Assess predicted &affic conditions given options

Receive traffic volume repons Assess traffic management effectiveness

Receive probe vehicle repofls Determine software upgrade needs
~

Receive ad hoc travel time repofis Determine hardware upgrade needs

Receive ad hoc roadway condition rcpofls Determine personnel upgrade needs

Receive O-D dah Dctemine preventive maintenance needs

Receive comercial rail traffic data Identi@ anomalies in traffic patterns

Receive ad hoc commercial rail traffic repofis I Determine source of anomalies I

Receive weather service data Predict tnultimodal demand given current options

Receive ad hoc weather revofis I Determi!,e ATMS res,onsihilities I

Receive interagency incident repons Determine need for incident services

Receive ad boc incident repotis Determine appropriate ATMS response

Receive ad hoc incident response repons Assess multimodal capacity

Receive interagency response data Identify demand regulation options

Receive interagency emergency response data Predict multimodal demand

Receive ad hoc emergency response repotis Assess predicted multimodal demand

Receive interagency data from alternative Monitor cotnpliance witl] ATMS advisories
cransDotiation lnodes I
Receive interagency special event repotis Monitor compliance with other advisories

Receive ad hoc special event reuotis ~ Assess s”rveydata I



Table 3-1. Generic TMC functions (continued).

INPUT (Continued) T!+ ROUGHPUT (Continued)

Receive public comlnents Assess ad hoc public comments

Receive requests for public relations activities Plan public confidence ehancemcnts

Receive requests for historical data SUPPORT

Receive requests for silnulation studies Store electronic network data

OUTPUT Retrieve electronic network data

Control railroad/bridge c]-ossillgs Store electronic incident data

Post route advisories 011infor!natiofi outlets Retrieve electronic i]lcident data

Provide route advisories to other us!trs Retrisve hard copy of incident repofls

Post speed advisories on information outlets Perform data base management

Provide speed advisories to other users Provide traffic management training

Post travel advisories on information outlets Provide maintainer training

Provide travel advisories to other users Provide incident management training

Post mode selection data on illform:ition outlets Provide special events training

Provide mode selection data to other users Develop strategic traffic lnanagement PianS

Transmit electronic maintenance requests Develop special event traffic contingency Pl~S

Issue special maintenmce requests Develop traffic management contingency plans

Issue up~ade requests Receive directives

Transmit electronic incident service requests Develop policies

Issue special incident service requests Specify procedures

Issue requests for illforlnatioll lmp!ement policy and procedures

Issue requests for on-site traffic corltrol Perform fiscal planning

Transmit electronic incident rcpon$ ~ Perform budget tracking

Issue special incident repotis Perform evaluations

Transmit electronic incident management Perform personnel selection )

repofis

Provide historical traffic data Maintain persomel records

Provide simulation reports and

3

Maintain communication whncident responders
recolnlnendatioi]s

Provide public relations information Coordinate multi-agency incident respons(:

Coordinate multi-agency emergency reasons

Coordinate Inulti-agency transponation planing
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3.2.3 Function allocation

After the functions are defined, there are a variety of proven frameworks available to
system designers for perfoming the design steps of function allocation and task analysis.
Sections 2.2.3 and 2.2.4 include discussions of how these activities fit into the larger
process of design. The section that follows will provide an understanding of the process
and a selection of guidelines.

Function allocation is often the first point in the. design process where critical decisions
must be made about the role of the operator. Section 2.2.3 includes a discussion of
procedures, methods, and tools for fonction allocation,

The most common misconception that complicates finction allocation is the either-or
illusion. Many designers presume that there is one set of fnnctions that should be handled
by machine and another by humans. In fact, many of the most critical functions in TMC
operations are best handled by the integrated efforts of human and machine. Identifying
these partly automated tasks will probably require more study and insight than other
elements of task analysis; but failing to identify them and assign proper interface

strategies could cause problems when the TMC is in operation,

Allocating functions to one side or the other of the human/system interface relies on
several general principles derived from the Fitts List (See Figure 2-7). The following
~midelines summarize issues to consider when deciding how to allocate fictions among
humans and machines. The first guideline recommends when to consider automation of
tasks that exceed human Limitations. The second guideline recommends where the skills
of human operators should be empowered to encourage beneficial achievements.

3/1 Human imitations and Automation (Recommendatio~ 125)

@ Environmental Constraints. Allocate a function to the machine when
environmental constraints limit human performance. For example,
observation cameras on elevated mounts in all weathe~ use of human
observers in such a function would be neither cost effective nor humane.

@ Sensory Ability L]mits. Allocate a function to the machine when human
operators are not afforded adequate sensory input. Traffic sensors
respond to events not easily monitored by humans. For example, events
such as changes in level of traffic moving past a point on the highway are
outside the sensory range of a TMC operator.

@ Speed/Accuracy Requirements. Allocate a function to the machine
when requirements for speed and accuracy exceed human capacities.
Monitoring streams of code on a video display that represent raw sensor
status, for example, is a task much better suited to the machine.
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@ High Information VcIlume. Allocate a function to the mach;ne when
information arrives in such speed and volume thai human processing
capacity is overloaded. This addresses the human limitations for
processing and actin~~on input. Swarms of discrete impulses in rzlwform
from traffic sensors at multiple sites are likely to overwhelm human input
capacity. The inform~~tionsystem must process and display the data so
that important elements of information are called to the operator’s
attention.

@ Excessive Memo~ lRequirement. Allocate a function to the machine
when information is produced in such large quantities that human memory
capacity is exceeded. Cumulative traffic sensor counts and signal condi-
tions are of such complexity that they will quickly overwhelm the kluman
capacity for encodin$l them. A critical machine function in such cases
becomes data fusion (Chapter 13), which presents data in a processed
form that makes it accessible for analytical assessments in which the
human has the advantage.

@ System Petiormance Monitoring. Allocate a function to the machine
when continuous performance surveillance is required. Humans are
relatively poor “self-monitors.” Unlike humans, machines do not become
bored, distracted, or fatigued.

@ Precise or Repetitive Tasks. Assign to the machine tasks that require
extremely precise m:~nipulations, continuous and repetitive steps and
lengthy or laborious calculations.

3/2 Human Empowerment (Recommendation; 425)

@ Response to Unustlal Events. Allocate a function to the human when
the interpretation of, and response to, unusual or unexpected events is
required. If a traffic situation cannot be fLlllyidentified and classified using
automated algorithms, then human interpretation and more complex
decision making is r:?quired.The machine may respond with a potentially
incorrect set of actions or simply fail to act.

@ System Effectiveness. Choose an allocation aporoach that maximizes
total system effectiveness. Avoid decisions based solely on the ease or
difficulty of automation; system performance in the long run is more
important. If a graphical user interface (GUI) will have to be desiglned for
your application at a higher initial cost than a package with a less usable
interface, consider t~~eeffect on the fofa/ system.

@ Operator Workload. Couple humans with machines in such a way that
the humans are not compelled to work at peak limits all or most of the
time. Imagine the frustration of having to work on an assembly line that
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moves slightly faster than the sustained ability of the human workers to
accommodate its pace,

. Human Motivation. Couple humans with machines in such a way that the
humans can recognize or feel that their contribution is meaningful and
important. Operator abilities are not well used in a job that merely requires
serving a machine.

@ Information Flow. Couple humans with machines in such a way that
information flow and information processing are natural. Learning time is
reduced and human performance will be improved by natural and intuitive
user-computer interfaces. An obvious example is the design of computer
interfaces so that they make sense to the operafor rather than to the
programmer. Provide information in the operator’s natural language; pay
attention to display stereotypes (e.g., red color indicates a problem or
hazard); ensure meaningful icons on the graphical interface by testing
candidate icons on the target population.

@ Operator Intewention. Design the human/system interface on the
presumption that the human might at some point have to take control. The
nominal mode may be automatic, but there will inevitably be cases for
which the system will need human capabilities for judgment and initiative,
and for perceiving things the machine cannot recognize. Design the
system to allow the operator to perform all of the computer’s functions
manually, if required.

e Automation and the Operator. Use the hardware and software to aid the
operator; do not use the operator to complement a predetermined
hardware/software concept, Let requirements, not e/eganf fechno/ogy,
drive design decisions,

3.2.4 Human performance

The analysis of the performance that will be required of the operator, and the performance
that can be expected of the operator, are key factors in finction allocation and task
analysis. This step, therefore, must be tightly coupled with the function allocation and
task analysis steps. Chapter 5 is dedicated to this step, and Section 2.2.6 places these
activities in the larger TMC design context.

Critical factors. As functions are allocated to elements of the system, compare expected
operator abilities with the human performance requirements. Bailey suggests that the
critical factors are: ‘7)

O Human error.

@ Processing time.
e Training time required to reach minimum skills.
@ Job satisfaction.
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Sources of performance data. Much of the problem n defining human performance
requirements lies in identifying sources of performance data. There is a variety of such
sources:

@ Studies in the laboratory and, in particular, studies rising task simulz~tion. “8)
This is an attractive option when the mission of a TMC has changed significantly,
and new systems and procedures are being considered. Facilities that can simulate
most TMC tasks have been developed. As laboratory simulations come into use,
they will allow the assembly of performance data bases for use by desigm;rs and
provide a test bed for imtovation.

e Operationrsl data. “s) These data can be derived from studies at existing ‘TMC’S,
and should include both observation and analysis of routine operations and
structured exercises, such as discussions with TMC personnel, from which
objective performance data are drawn.

e Subjective data. (1s)The tem “subjective” often connotes offiand experience,

clouded by narrow viewpoint and personal bias. In fact, it is a rich source of
insight when collected and properly assessed. hforrnation for this handbook, for
example, was drawn from structured surveys and interviews and from discussion
in focus groups composed of subject matter experts and experienced traffic
engineers.

Figure 3-1 shows the relationships among these data sources. These sources are excellent
for prediction, evaluation, and specification of human performance. hewing the
measured human capabilities parmits the introduction of such data into system design,
and this information can also be applied to performance standards for selection and
training. At the design level, th(>y provide designers with material for determining the
allowable human performance limits in the total system.

An important source of performance data is available in existing TMC’S. The collective
experience of trained operators and supervisors can provide many of the most useful
insights,such observationsmay be of more use than incidental performance information

stored in data banks for similar organizations (e.g., nuclear power plant control rooms and
air traffic control centers).
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Figure 3-1. Human performance data and sources (after Boff & Lincoln, 1988).

The designer and the human factors practitioner must be cautious in the use of existing
performance data. These data should be examined for limitations and these limitations
should be t&en into account when considering their value for use in the TMC design: “‘)

Data from laborato~ studies are sometimes of comparatively little value for

application to system design because they are limited to controlled and artificial
conditions. The problem here is one of external validi@, the degree to which
laboratory results can be generalized to the real world (See Section 2.3.2.). Data
from laboratory studies are generated under controlled conditions that emphasize
inte~nal validity, the degree to which the experiment measures the desired effect
(for a discussion of what this means to the design team in its own testing efforts,
see Section 2.3 .2). This is not to say that such data are useless; in fact, they often
form the basis for studies in more realistic settings.

The amount of empirical data formatted into data banlcs and derived from formal
psychometric processes is limited. Some of this information is in the form of
“expert opinion,” sometimes gathered using formal psychometric methods, but
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most often simply included as recorded, It is difficult to know the comparative
validity or each source, and how readily it can be applied to the TMC.

@ Few quantitative performance standards exist. There are several reasons for this,

among them (a) it is difficult and burdensome to specify detailed performance
standards, (b) employees do not generally like to work to precise quantitative
standards and supervisc,rs do not wish to be bound by them, and (c) unless the
standards are developed by qualified people, their reliability is suspect.

3.2.5 Task analysis

Task analysis can be divided into four main stages:

Stage 1: Determine tl~e system structure.
Stage 2: Identify the tasks that makeup system functions
Stage 3: Organize tasks into a flowchart,
Stage 4: Identify work modules.

How to determine the system structure. The objective of this step is to determine the
distribution of task complexity and match it to jobs. A TMC manager, usually a trained
traffic engineer, can handle tasks of rather high complexity requiring a relatively large
and diverse body of knowledge, skills and abilities; collective~y called “experience.” A
task for a supervisor or technician maybe defined at a high level of experience, lEntry-
Ievel personnel, on the other hand, maybe more effective in tasks that are lower level —
that is, requiring less experience.

In general, personnel with little experience can perform in almost any environment if the
tasks can be designed at a low enough level. Often, the advanced TMC is so complex that
it is impractical to set task levels ve~ low. It requires higher leveis of experience; because
of this complexity.

The sites visited during preparation of this handbook showed a wide variation in manning
philosophies. One site allowed only engineers as operators; another required only a high
school diploma and average verbal communication skills. This represented two (iistinct
tasking philosophies, and it was apparent that the Ilature of the tasks had evolvecl in each
case to fit the capabilities gfthe operators.

Determination of task levels should be based not only on the technical capabilities of the
hardware and software subsystt>ms, but also on the people who will be operating them.
For one thing, personnel with very high technical skills may not be available or
affordable, Even if enough operators with high technical skills fill the important
positions, there will be lower-lf;vel employees who want to advance in the system and
find themselves blocked by the imposition of hi&her- ievel task structures. There is a
distinct advantage to building a system in which knowledge and skills increase i].1a way
that allows personnel to move t.o more demanding jobs without leaving the TMC systcm.
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Identifying tasks. There are at least six indispensable activities for task identification: ‘7)

@ Determining existing knowledge and skills,
@ Deriving skill level categories.

@ Identifying inputs and outputs.
@ Deriving lower level activities.

@ Ensuring that the activities are mutually exclusive and exhaustive.
o Matching activity complexities with previously determined skill levels.

The process of task analysis requires a thorough familiarity of the working environment
and the work force involved. The factors that make up “complexity” are not easily
derived without a knowledge of what operators will be doing, including the activities
associated with infrequent incidents that require intricate responses and decisions under
stress. Most task analyses need not be exhaustive, particularly if ample expedience exists
within the community designing and implementing the TMC. The following
considerations should support your task analysis:

The task should be defined in terms of duration. This requires the designer to consider
(a) tile time in which tl~e task must be performed (system requirement) and (b) the antici-
pated time for the operator to perform the task (performance requirement). A comparison
of(a) and (b) that yields a discrepancy in duration is a warning flag — of particular
importance if the function in question is essential to the TMC mission. If there is no way
that operator performance can be made to meet system requirements, then the task must
be modified — either by automating activities or by redesigning the way the task is to be
accomplished.

The task should be defined in terms of criticality (error consequences).
This assessment of criticality is derived from potential errors, the effect of each potential
error on system operation, and the relative criticality of each of the errors. Error analysis
is discussed at Section 2.2.5 and in Chapters 4 and 11.

The task should be defined in terms of the difficul@ of attaining correct
performance (error likelihood). Errors in the TMC can have dire consequences. Faulty
entry to a signal control system, for example, could inadvertently set all lights blinking
red (most such systems are designed to prevent accidental creation of dangerous, as

opposed to annoying, consequences).Errors are more likely in difficult tasks, and
designers generally focus on tasks that are identified as both critical and difficult. Certain
characteristics are generally associated with difficult or error-prone tasks:

~ The input which initiates the task requires precise discriminations or fine motor

responses. For example, a GUI that uses a large number of complex icons that are
not easily discriminated, or are too closely spaced to be reliably selected by the
pointing device, produces an increased likelihood of errors.

o The operator’s response to the initiating inputs must be perfomed so quickly that

he or she has problems lceeping up with the initiating inputs. Interfaces that post
changes in status too fast for timely response can cause problems for operators;
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they may keep up for a time, but errors then become cumulative as small mistakes
build up and destroy efficient “pacing.’>

@ The accuracy demanded of the operator is excessive,

@ The task must be coordinated precisely with other tasks performed by other

personnel.

@ The environment in which the task is perfomed tends to degrade task

performance. For example, a control room in which radio operators and other
TMC personnel are wc,rlcing together without acoustic shielding maybe
excessively noisy, particularly at critical moments (as during the reaction to a
serious incident, with a combination of police reports, emergency
communications, and other noise sources).

@ kformation from multiple sources (e.g., several displays) must be coordinated by
the operator in order tc~make a decision. Rapid assessment of an incident via
CCTV images, for example, is complicated by the fact that the operator must
translate map information (from large display or from screen mapping displays) to
a monitor view, then integrate the information. Since it is easy to make an error in
estimating the direction a camera is pointing, an operator may commit a
fundamental error such as identifying an accident in the northbound lane as one in
the southbound lane.

e There is little information available on the basis of which a decision must be made
or an action taken.

@ Short-term memory requirements for task performance are excessive. While
immeasurable amounm of information can be stored long-term in the human brain
for later retrieval, short-term capacity is limited (See Section 5.4) in cap,acity and
duration.

Task difficul~ and workload. Task difficulty may also be defined in terms of workload.
In a control room situation, the principal variable is mental workload. Unfortunately,
mental workload is very difficult to measure. More detailed discussions on workload are
found in Chapters 5, 6, and 7 and methods and tools are explained at Section 2.2.6; but as
a general way of understanding the concept we use the model proposed by Wickens. (’22)
Figure 3-2 shows the relationship between demands of the system with respect to a given
task and the capacity of the ht~man operator to service these demands. The degree to
which the operator meets performance requirements ~’primary task performance”) will
drop off when available resources are exceeded by demands.



MAXIMUM

RESOURCE
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. ...... .............. .
....

/......
....

....
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..

....
...
...
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Figure 3-2. Human resources and task performance (after W]ckerns, 1 84)

h essence, system demands maybe defined as (a) within the capacity of the operator or

(b) beyond the capacity of the operator. In the first case, the operator will maintain a
residual capacity ~’reserve capacity”], as any human in the system should do in an
operational setting. In the second case, there is no reserve capacity. The quality of task
performance will steadily decline as demands grow beyond capacity while morale and
operator health also can be adversely affected, In system design, there are ways to address
these factors.

It is extremely desirable to define workload during this phase of the design process. This
will provide information needed to plan the allocation of functions to humans, hardware,
and software, and the allocation of tasks among operators. The simplest approach is to
equate the workload with the number oj’tasks thatmustbe performed at a given time. A
time line analysis is useful here, and the method is described in Section 6.6.

It is also possible to conduct an analysis that estimates workload based on rated task
dz~ficul~. However, we caution that workload and task difficulty are not equivalent, and
such estimates are likely to be approximate at best. Even experiments under tightly
controlled conditions may yield ambiguous assessments of workload, and in some cases
experience may be the best guideline.

A sample of a partial task analysis is shown in Table 3-2. Activity is organized in this
example as ,jtinctions,which are high level descriptions of the TMC’S mission. Each
function contains one or more tasks, which are components of operator performance that
support a work module, but are independent in that they result in an identifiable outcome
~’enter incident data”). The tasks must frequently be decomposed into discrete subtasks
that represent activities that are distinct enough to be analyzed separately, but are clearly
contributil]g to the completion of an identified task.
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In the example, Task 2.3 (“Estimate congestion’s potential impact”) is clearly a high-leve!
t(r.Y/c,requil-iug not on Iy extensive training in the interpl-etation of system infomdtion, but
also quite a Iot of expel-ience in the nature of traffic incidents. It is not likely that a new or
inexperienced operator could perform this function effectively. Task 1.3 ~’Activate data
screen changes”), on the other hand, is a fairly low-level task, requiring only knowledge
of the computer interface andl a minimum level of manual dexterity. Task 2.2
~’Emergency notification”) lies somewhere in between; it is a fairly complex function,
but one that requires only a knowledge of standard procedures.

Note that errors may occur in. high-level 01, low-level tasks. The source of the (error
(manipulation of a mouse at ~he lower end, incorrect assessment of complex interactions
at the higher end) may differ, but probabilities of error may not be entirely contingent on
task “difficulty.”

Figure 3-3 shows a rough analysis of task and subtask complexity for the examples in the
table. Measures of task com~,lexity can be derived from expert opinion of TMC operators
or designers, from existing performance/error data, or from experiments. k general, high
complexity represents either a high level of expertise or adequate experience and training
to integrate a variety of lesser activities into an integrated, synthesized plan. This can be
used to provide input for workload profiles, (Section 2.2.4. and Figure 2-15.)

Organizing tasks. In Figure 3-4, the function of dealing with a traffic incident is
illustrated, at a fairly high le~Tel, in an operational flow diagram. This example
incorporates an entire work module — in this case, a critical operational procedure. We
should note, however, that this function does not necessarily describe the tasks of one
operator. An incident requiring all these activities will probably involve several team
members in the control room., automated equipment, and the active cooperation of outside
agencies such as state police,, emergency services, and information officers.

The tasks that comprise this finction are shown as squares ~’actions”); information that
feeds into the execution of tasks (traffic sensors, CCTV images, communications from
other sources, e.g., state polilse) or is transmitted out of the TMC (communications and
system commands) is shown as inverted triangles; existing reference information (e.g.,
TMC operating procedures) is represented by a shield. Decisions (hexagons), if not
automated, constitute tasks as well. In this case, all decisions are made by operators (i.e.,
not automated). Note, however, that automated system output to operator displays is
critical to many of the operator functions.
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Table 3-2. Example initial task analysis.

asks will differ in a varie~ of ways across individual TMC’S, because of variations in mission,staffing md
Ililosopby. This salnple first-pass selection shows specified activities performed by typical operators in
zurese!ltative situations

‘unction Tasl< Subtasl< Error

Monitor tra~c 1.1 Receive updated
conditions. real-time trafic flow

data from computer.

1.2 Scan the video display. 1.2.1 Scan for
congested areas.

1.2.2 Scan for
congestion

1.2.3 Scan for
potential alternate
routes.

1.3 Activate data
screen changes

1.4 Interpret graphs,
maps, and text on
video display,

1.5 Discriminate ab-
normal flow patterns
from normal flow
patterns.

1.3.1 Select
menu items
with mouse,

1.3.2 Enter codes
via keyboard.

Characteristic

Choose wrong
icon.

Enter incorrect
code.
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2.4 Effect routing
plan options.

2.5 Enter incident
data.

‘l’able 3-2. Example mltlal tasK analysls ~cont~nueo~.
Characteristic

,nction ‘rasl< Sub[ask E1-rOr

Analyze traffic 2.1 Identify traffic 2.1.1 Detect information

incidents and concern. suggestive of incident.

implement plan
to relieve nOn- 2.1.2 Locate site of

recurring conflict incident.

situations.
2.1.3 Categorize in-

cident t!lpe.

2.2 Noti~ pclice, 22.1 Manipulate

emergency, fire, and controls.

medical teams as
the situation requires. 2.2.2 Communicate Enter incorrect

through headset number or

or telephone. frequency.

2.3 Estimate con- 2.3.1 Estimate duration

gestion’s potential of congestion.

impact.
2.3.2 Estimate accident

clearance duration,

2.3.3 Predict effect on
trafic pattern.

2.4.1 Identifyalternate

routes.

2.4.2 Predict effect of
each alternative on
traffic flow.

2.4.3 Compare alternate
routing plans.

2.4.4 Select alternate
routing plan.

2.5.1 Select from menu.

2.5.2 Enter data

2.5.3 Transmit information
to other operators.
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Figure 3-3. Assessment of work complexi~ of activities, tasks and work modules.

Figure 3-5 shows the last task in the work module sequence which consists of closing out
the incident by entering information into a data base that stores such information for later
retrieval and analysis. This diagram shows the series of subtasks undertaken by a single
operator. The loop that describes a visual check for correctness of information entered
into the system indicates a possible error source that could be influenced by the level of
training and experience of the operator, the complexity, reliability, and volume of the
information to be entered, and the interface design.
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Figure 3-4. Operational sequence diagram.
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CHAI’TER 4: HUMAN E~OR
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4.1 Human Error is Important to System Designers

You are driving on a suburban freeway during the morning rash hour, and see a
changeable message sign that informs you that there is an “accident ahead left lane
blocked.” You and other drivers attempt to move into the right lanes, but you never
encounter the accident or blockage. You are inconvenienced, and traffic is significantly
slowed. TMC operator errors, like failing to turn off the VMS warning message after the
accident has cleared, can have serious effects on ATMS effectiveness and credibility.

Human error is a nomal chmacteristic of human behavior. It occurs in many fclrms and in
all environments. It is not always easily understood or prevented. Human factors research
and experience have providedl useful principles for classifying errors and for reducing
their probability and consequences through system design.

This chapter presents an introduction to the types of errors humans are likely tc~make, ancl
provides some general princil)les and guidelines for designing error-tolerant systems.
Other chapters in this handbook address specific design strategies to reduce the frequency
and effects of errors.
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4.1.1 Dealing with error systematically

This chapter deals with the science of human error. Designers should use this part of the
handbook to gain an understanding of the types of errors likely to be encountered in the
TMC and the general guidance for reducing error probability. Specific examples of
operator errors in the TMC and error-reducing design guidelines are found in this and
other handbook chapters.

Typically, the term “human error” refers to a wide variety of events that share two
defining characteristics — a human took an action (or neglected to take an action) and
the outcome was unacceptable. This chapter further defines human error, and addresses
methods to analyze and classify errors.

The potential for error exists in any system of which humans are a part. People don’t
perfom with the same uniformity as machines. The boundaries between acceptable and
unacceptable performance are often unclear. Actions that seemed correct when tiey were
performed may be judged to be erroneous after the undesirable outcomes are known.

The likelihood of human error can be strongly influenced by the design of the machines

people use. Operators make fewer errors if systems are designed in accordance with
sound human factors principles. One of a system designer’s goals should be to ensure
compatibility between operators and machines. Thus, system designers should have a

basic understanding of error and of the system design features that influence the
probability or consequences of errors.

4.1.2 A definition of error

Most lay definitions of error include the concept of au incomect action, which is
inappropriate, mistimed, misplaced, poorly chosen, or poorly executed. James Reason, a

psychologist who has studied human error and its relationship to complex systems, offers
the following definition, which will be used in this chapten

Error will be tal<en as a generic terar to encompass al I those occasions in which a planned sequence
of nrental or physical activities fails to achieve its inteoded outco!rre, and when these failures
cannot be attributed to the intervention of some chance agency. ‘“)

Human behavior is immensely variable. We have the capability to assess a situation we
have never encountered before, draw conclusions about it, and respond to it in an
adaptive manner. This capability draws on the unique cognitive abilities of the human
species, and has been essential to our survival and to our accomplishments. But it also
means that our conclusions will sometimes be erroneous, our responses not the most

appropriate (or not Perfectly executed], and our timing imperfect.

Chapter 6 (Job Design), and Chapter 11 (T/?e U$er-ColnpL{ter /nte~ftice), will present in
some detail the specific methods which can be used to factor the possibility of human
error into a design. The current discussion concentrates on recognizing various types of
errors. This should help the reader understand the ways in which humans behave when
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interacting with complex systems. This understanding is a foundation for user-centered
system design. This chapter alsu contains suggested methods for documenting and
analyzing errors. Finally, this chapter presents a brief explanation of the principles of
designing systems to reduce emor and its consequences, with general guidelines for error-
reducing and error-tolerant design.

4.2 The Types of Errors

It is easier to understand the nature of errors and their relationship to system design if we
can categorize errors by type and identify their important features. Several classification
schemes have been proposed to categorize human errors. Two of these will be discussed
here. They have been chosen because they provide foundations for guiding the design of
human-machine systems. The first (in Section 4.2. 1) examines intended and unintended
actions, and the resulting errors of intention and of execution. The second (in Section
4.3. 1) concentrates on decision making emors when incomplete or uncertaio information
must be used. Each has consequences for system design.

4.2.1 Errors are related to the operator’s @pe of behavior

Operator behavior can be assigned to three levels, depending upon the level of mental
processing controlling the behaviors. (Se)This model of operatorbehavior assumes that the

operator has had considerable time to learn his or her job. An example would be an
experienced driver operating a /standard transmission vehicle.

The first level, skill-based behavior, includes those actions which have become
“automatic.” In the driving exa~.nple, this would include actions such as depressing the
clutch and moving tile gearshifi lever to shift gears — actions performed with little or no
conscious attention or thought. This type of behavior is most commonly used in routine
action sequences when the sitw~tion is familiar.

The second level, rule-based behavior. occurs when one is consciously attempting to
reach a goal or to solve a problem. It refers to behaviors where the operator uses a rule, an
“if-then” statement, to decide upon the appropriate action. h the driving analogy, the
driver might have been given directions to head east at an intersection to find his or her
goal, and may invoke the rule, ‘“If I am facing north, east is to my right” to decide which

way to turn. A rule is available to guide the behavior, but the behavior is not automatic.

The third level of operator behavior, knowledge-based behavior, is most familiar in a
problem-solving or troubleshooting setting. In this case, the learned or available rules or
routines are not sufficient to specify what to do next, and the operator must rely on his
knowledge and understanding of the system to select an appropriate action. The driver in
this case might find himself plotting a new route to avoid construction, or trying to
determine the cause of a strange noise under the hood.
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The chief differences among these three levels are in the conscious attention given to the
actions, the awareness of a challenge or problem to be solved, and, finally, the types of
error associated with each.

During the first level of operator behavior, skill-based behavior, operators maybe
thinking about another task or may even be daydreaming. Typical errors during slcill-
based behavior al-e slips and lapses.

Slips are the execution failures, in which an action sequence continues to the wrong
conclusion. For example, an operator catches himself entering the wrong sequence into a
variable message sign.

Slips show up most frequently in skilled behavior. We don’t make so many slips in things
we are still learning. h part, slips result from a lack of attention. On the whole, people
can consciously attend to only one primaW thing at a time. But we often do many things
at once. We can do more than one thing at a time only if most of the actions are done
automatically, subconsciously, with little or no need for conscious attention. ‘9*)

Lapses are the memory (storage) failures, as when an operator forgets the appropriate
sequence for a command entry or becomes distracted and forgets to perform an important
procedural step as in the following example:

AN OMITTED KEYSTROKE

Preparing for the major special event, the TMC operator spent about 30 minutes manually fine-
tuning the signal timing plans for intersections in a large part of the downtown area. Suddenly, all
of this work was erased when a preprogrammed time-of-day timing plan took effect. The operator
had forgotten to input the keyboard command that would have disabled the automatic change.

Rule-based and knowledge-based behavior, because they require more attention, are more
likely to result in the kind of errors known as mists/res. Mistakes are the errors that occur
when operators misconstrue a situation or select the wrong solution to a problem.

Mistakes may be defined as deficiencies or failures in the judgmental andor inferential
processes involved in the selection of an objective or in the specification of the means to
achieve it, irrespective of whether or not the actions directed by this decision-scheme run
according to plan. ‘s8)

If the driver turns on his lights when he intends to turn on the windshield wipers, this is a
slip. The intention is correct, but the execution is wrong. If the north-facing driver decides
that to go east he should turn left when in fact he should turn right, it is a mistake. He is
using an invalid decision rule.

Reasou further differentiates rule-based mistakes from knowledge-based ones. Rule-
based mistakes follow from the wrong choice of rule, or from incorrect application of a
rule or procedure, which in turn may be caused by a misinterpretation of the problem
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situation or by other causes. Ru!le-based mistakes are somewhat easier to predict and to
diagnose than are lcnowledge-b?lsed mistakes. More important, it is easier to minimize
them through appropriate desig]l.

Idowledge-based mistakes, on the other hand, are quite unpredictable, since they are
based on the individuals unique mental model of the system and his or her reasoning
process. An example of a rule-based mistake for our driver was given above: if in fact he
was not facing north when he applied the “east is on my right” i-ule, he would take a
wrong turn. A knowledge-basecl mistake would occur if he did not know the rule, and
acted on an incorrect recollectic,n of the neighborhood geography.

4.2.2 Design implications of error @F~es

Why is it useful for a system designer to understand theories of human error? The
theories make some predictions and observations which are worthy of attention. These
have design implications that will be summarized in this chapter and discussed more fully
in Chapters 6 and 11.

Most people can remember slips they have made (e.g., putting objects in the wro]lg place,
absent-mindedly taking the wrong freeway exit, dialing the wrong phone number). Often,
slips occur when familiar action sequences are interrupted or confused with each other,
One starts out to do one thing a~d ends up doing another, inappropriate to the original
intention.

A familiar error example is a skipped step in a proced~re. The implications of such errors
can range from the trivial to the catastrophic; from a letter mailed a day late to an. airliner
touching down on the runway with its landing gear up. In between would be such errors
as forgetting to end the automatic rotation of changeable message signs, or a message
advertising upcoming radio traffic reports at the close of rush hour. In system operations,
a common design solution used to prevent errors of omission is the use of formal
procedures and checklists. Many such aids can be automated, with the software
programmed to prompt for the next step in a procedure or to query the operator ij~the
most likely next step is omitted. The familiar message “FILE CHANGES NOT SAVED;
EXIT ANYWAY?” is an example of this strategy. In a traffic management center, one
might choose to include automated reminders — for example, to ensure that all
procedures needed at the end of morning rush have been performed.

Unfortunately, mistakes are typically less easily detected than slips. In a mistake, the
action supports the intention and may proceed smooth ly. The intention seems reasonable,
given the interpretation of the problem situation. Thus, a mistake is not usually detected
until it has an undesired effect; we do not realize that we should have turned right until
we are lost. At the Three Mile Island nuclear plant, a valve display was interpreted as
showing that that valve was closed (when fact it was stuck open). The resulting actions
taken by the control room crew were not discovered to be inappropriate until a sequence
of wrong actions had been performed.
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lt is necessary to find ways to cause operators to stop and confilm their judgments before
taking irrevel-sible actions. It is helpful to provide checklists and to build in reminders to
aid in the application of rules and procedures. Designers can display warnings, require
confirmation, and require additional steps before allowing completion of actions that can
have serious consequences.

Systems should provide clear, accurate, and timely feedback on the consequences of
operator actions. The Three Mile Island indicator for the stuck valve showed only that the
valve had been commanded to close; it did not show the valve’s actual status. Thus, the
operators did not have accurate feedback (but thought they did) and continued to presume
that the valve had closed when it had not

Complex, system-level issues often arise when such errors are carefully analyzed. Crew
coordination or task allocation issues can be involved; job design may not have been
sufficiently attentive to ensuring that everyone involved lcnows who is responsible for a
particular task or step. Controls may not have been designed to support operators’
adherence to procedures. Rigorous analysis, as discussed later in this chapter, may also
reveal that the task or workplace was designed in such a way that the omitted action was
difficult or inconvenient to perform at the proper time, or that the step did not fit
smoothly into the task flow, or that the operator was expected to attend to too many tasks
at a given time.

“THE HEMLD OF FREE ENTERPRISE”

The 1987 “Herald of Free Enterprise” ferryboat accident illustrates the issue of task allocation and
crew coordination. After leaving its slip in Zeebrugge, Belgium, the ferry shipped water, capsized,
and sank because the bow doors (through which cars drove on and off the fery) were left open.
Many lives were lost. One of the contributing factors in the accident was the fact that the person
nominally responsible for closing the bow doors had gone off shift without petiorming the task,
and others who saw that the doors were open did not see it as their duty to close them or report
them open.

4.3 Consequences of Error in Decision MaMng

A major category of decisions involves situations in which the operator must decide
whether a condition exists or does not exist. In many cases, information received in the
TMC control room will be fragmentary or ambiguous; sensor count and CCTV image
may, for example, seem to conflict. Other information may be “noisy” — that is, cluttered
with nonessential background noise or extraneous data.

4.3.1 Signal Detection Theory and decision errors

Signal Detection Theory contends that in a detection and verification situation there often
is background noise that can interfere with the detection of a signal. The observer must
decide whether the signal (the event being awaited) did or did not occur. A roadway
incident, for example, may be indicated by an unusual Ievel of congestion detected by

4-6



loop detectors or viewed on a t2CTV camera. The operator who detects an unusual level
of congestion must determine whether an emergency incident response is needed. Heavy
congestion without an incident may, then, be considered as noise in the incident detection
process; heavy congestion caused by an incident maybe considered a signal.

Visually, noise on a monitor is any element that does not carry pertinent information (e.g.,
cluttered, crowded graphics on a display). Note that “’pertinent information” mtims
information necessary to the task at hand, A cluttered. display may have a number of
visual targets and images that provide information pertinent to any number of things.
However, if they are not useful. to the decision at hand, by definition they become noise.

When the observer is to distinguish signals from noise, four possible outcomes exist.
When the operator makes the clecision that a signal dd or did not occur, the outcomes are
as follows:

Stating that a signal, is present when a signal is present is a HIT.

Stating a signal is present when a signal is not present is a FALSE ALARM or
TYPE I error.

Stating a signal is not present when a signal is present is a MISS or TYPE II
error,

Stating a signal is not present when a signal is not present is a CORR.ECT
REJECTION.

The observer takes action based on two conditions -- the physical detectability or
sensitivity of thesignal itself andoftheobserver’s ov/ndeci.!ion criteria. These measures
are based on the probability of hits and the probability of false alarms. ’18)For example, if
the noise level is low and the signal is conspicuous es in the case of an auditory warning
inaquiet control room) detect:ibility will be high, Ifthenoise level ishighand the signal
isincollspicuous, theprobabilityo fdetectingt hesignalw illbelower. Thus, factors that
alter sensitivity include signal :strength as well as event rate.

The decision criterion is a ratict that defines the degree of bias toward responding
positively to signals (decide thi~t a signal is present). ‘The decision criterion is an
individual operator’s decision bias at a given time that may influence him or her to
respond more often with “yes” or “no” under similar conditions. (18)Factors that influence
the setting of the decision criterion include probability of signal occurrence, instructions
toadopt ariskyo ra conservativec riterion, andtheperceived costs and advantages
associated with hitsandf alsealarms. Thedriving factor here isthatthe decision criterion
can change depending on tile individual acting as monitor and the circumstances,

A new operator, for example, maybe inclined to discount au ambiguous signal through
inexperience or, conversely, respondt oallambiguouss ituationsa ssignals. Trai:ned and
experienced operators are less likelytodoe ither, since theyhave afinersense of the
nature and likelihood of the signal.
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4.3.2 Errors and consequences

In the operational environment of the TMC, a MISS — stating that a signal is not present
when it is — could have serious consequences. That is, if an incident has occurred and a
traffic monitor failed to recognize the occurrence, appropriate response would be delayed
and gridlock, injuries or other disruption could result. If, on the other hand, a traffic
monitor stated an incident had occurred when actually there was no incident (FALSE
ALARM), unnecessary responses on the part of the TMC would occur. One risk involved
here would be the “boy who cried wolf’ syndrome. That is, if learning that an incident did
not occur but the TMC activated warnings and detours anyway, the general public’s trust
in the system maybe reduced and urmecessary expenses maybe incurred.

This problem is made worse by machine output — particularly a faulty sensor, such as
loop detector — that has a high rate of false alarms, Site visits and interviews by the
authors indicated that such a condition is not rare in existing TMC’S, and tends to reduce
the operator’s confidence in incident detection algorithms. k this ve~ real case, a
machine error resulting in a high number of false alarms (in effect, a machine Type I
error) could logically contribute directly to a human Type II error (missing or not
reporting a signal).

Table 4-1 SIIOWSpotential consequences of each possible condition.

Table 4-1. Consequences of decisions.

STIMULUS

RESPONSE Signal IS NOT present Signal IS present

Yes TMC actions disrupt TMC responds correctly.
normal operations for no 1

I reason I
No TMC responds correctly TMC fails to respond to

an incident.

Table 4-1 iscalled aPayo~~Matrix. Ineachcell, thedecision consequences are
summarized. Designers should weiglltlle relative seriousness ofmisses and false alams
when specifying the design of displays (See Chapter 8), interface provisions such as
warnings (Chapter ll)andthe design oftasks andjobs (Chapters 3and 6).

The point to remember here is that there is a relationship between the probability of a
miss and the probability of a false alarm. With an automated incident detection system,
for example, decreasing the number of false alarms entails increasing the number of
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misses or the time required to detect an incident. Many TMC designers “tune” the
detection algorithms to reduce false alarms but recent research has shown that a better

approach is to reduce misses and detection time, allow false alarms to occur but provide
an easy way to recognize and dispose of them.

4.4 Analysis of Human Error

Given an understanding of the types of errors possible, we can begin to consider methods
for analyzing human error. A number of methods for analyzing error are available,
including questionnaire studies, laborato~ and simulator studies, case studies, and the
critical incident technique. Questionnaire studies allow users to answer questions about
errors that occur in their respective user environments. Laboratory and simulator studies
allow analysts to investigate human error in a controlled environment. Case studies
provide a way for analysts to f:onduct detailed investigations of specific instances in
which errors were noted. With the critical incident technique, problems that Iecl or might
have led to a crisis are analyzt:d.

Detailed descriptions of two c)f these methods, questionnaire studies and the critical
incident technique, are presented. These methods are particularly well-suited tc,
operational TMC’s. Readers who are interested in learning more about laboratory studies,
simulator studies, or case stuclies are referred to Boff and Lincoln. ’18)

4.4.1 Questionnaire studies

Self-report questionnaires represent another means of obtaining data associated with
everyday errors. Typically, such a questionnaire will present respondents with
descriptions/examples of various errors (slips, lapses, mistakes) and ask them to indicate
the frequency with which they have committed such emors. While questionnaire
responses are susceptible to bias, analysts can use them to investigate:

o How frequently errors occur and individual differences in error proneness

0 The relationship betw,sen various error tWes

O The instances under which errors of a given type have occurred as a means to
identify emor causes.

In general, responses to questionnaire items involving different severity of error reflect
positive correlations. hr other words, individuals who admit to frequently making one
type of error (lapses, for example) also tend to admit their susceptibility to other types of
errors, ’18)

Questionnaire studies have also discovered that whatever is responsible for determining
an individual’s proneness to slips and lapses also appears to contribute to stress
vulnerability. In other words, certain styles of cognitive management can lead to both
erroneous behavior and ineffective stress management.
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4.4.2 Critical incident technique

Accident and near-accident data can be analyzed with an approach known as the critical
incident technique. The method was originally developed during World War II to identify
reasons for failures in flight training methods and for failure in bombing missions. This
particular technique, used within the context of accident analysis, is an adaptation of a
method that has also been applied to job analysis, the analysis of performance
requirements, proficiency testing, and training needs assessment, h applying the critical
incident technique, an analyst interviews users of a given system. Each user is asked to
consider the given system (e. g., a piece of equipment, a group of instruments, a computer
system) and describe an error he or she has made while interacting with the system, The
underlying assumption of the technique is that given a large number of reported errors,
the analyst can identify critical design problems (i.e., those that led to or might have led
to a crisis or accident),

In general a critical incident is specified in terms of three types of information: the
background or context in which the incident occurred, an observable behavior that
occurred as a result of the incident, and a description of the consequences of that
behavior. This provides a format for documenting critical incidents, Note that in the term
critical incident, the word incident refers to an event that has generated specific problems.
It does not, in general, refer to a traffic incident.

Consider a hypothetical TMC in which operators have a well-documented history of
misinterpreting computer-based sensor displays. The scenario below provides an example
of a critical incident that might have occurred as a result of display interpretation
problems. After reading about the events surrounding this incident, one might easily
arrive at a conclusion of “operator error.” After ail, the operator misinte~reted displayed
information.

It was at the end of a busy shift A blinhng red spot appeared on the ptima~ map
display on my monitor indicating a possible accident on the freeway at Maple Street
To verify the incident, I keyed in the five digit code to call up the nearest camera. A

minor fender-bender appeared on my CCTV monitor so I sent a message to the
upstream VMS sign to warn of the blocked right lane. It turned out that I’d called up
the wrong camera and there actually was no accident at Maple. The red light that I
thought I saw had actually been an orange light used to show possible stuck-on
loops. I felt kind of embarrassed but tha?s not the first time this kind of mistake has
happened,

Recognize how the design of the human-computer interface may have contributed to the
operator’s errors. (Recall the operators’ repeated problems with this sensor display.) The
sensor display may have been cluttered or poorly color coded such that it did not facilitate
the operator’s assessment of existing traffic conditions. h any event, given a
well-designed interface, the operator might have interpreted information correctly and
thus avoided the error (unnecessarily modifying the VMS message). Another possible
inadequacy of the human-system interface was revealed when the operator, in trying to
confirm sensor data, examined the wrong CCTV view. The operator did not recognize
that he was observing conditions on the wrong freeway. In this case, video labeling may
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have been ambiguous, difficult to read, or perhaps missing. Furthermore, the five-digit
code for camera control may h~ve created memory problems.

The critical incident method er~ables analysts to determine the types of incidents that
recur and the events that lead u(p to errors. It also allows analysts to examine human
behavior, to identify behaviors that lead to errors and to associate an outcome (and
outcome severity) with that behavior Factors that contribute to errors can also be
determined.

TWically, in the critical incident method, a large number (perhaps several dozen) of
reports are obtained and sorted. into groups of similar events according to the
configuration item involved, tl~e t~e of error, or some other fiactor. A large number of
similar errors related to a specific task, display, or decision indicates a need to examine
that job aspect in greater detail to see whether there is a need for redesign.

In reviewing any data collected via the critical incident technique, one should note the
limitations of the data: selective recall of incidents is a function of time (i.e., certain types
of incidents are quickly forgotten), the total number of incidents varies over time, and the
types of incidents reported depend upon the individual responsible for repo~ing them.

Design for Error Reduction

Error analysis is one of several processes which can support the design andor evaluation

of an operator tool, procedure or other item designed for a tas!<. When an error i.s
observed, it is easy to assume that the operator was not fully attending to the taslc or does
not understand the task and needs more training. While these interpretations mz~ybe trae
in some cases, one must also consider that the tool has a design deficiency. Whtther an
error is observed through casual observation or in a more thorough, formal evaluation,
analysis of that error can be used to determine whether modifications are in order. Such
modifications may be applicable to procedures, job design, training or equipment. The
following guidelines apply to error analysis:

4/1 Error ldentificaihon (Observation)-

Include operators in the error identification process.
There are several a[]proaches that can be employed in the identification
of error origins. These approaches are more effective if used in
combination. One method may employ a checklist of possible equipment
design deficiencies. Some of the guidelines in this handbook could be
reformatted for SUCFIa checklist. AnOther method would use an engineer
or analyst to petiorm a detailed analysis of the steps involved in the
relevant procedure to isolate the conditions which led to the error.

The method emphasized here collects data from the person or persons
who made the error, and/or other individuals who perform that task in the
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same context. The rationale for this method assumes that operators are
attempting to do their job well, but have encountered a situation which
was difficult to anticipate. In other words, the situation is sufficiently subtle
or complex that the operator does not or can not know that an error prone
situation exists. In this situation, the analysis can become complex
because the operator often does not know what caused the error.

Nevertheless, the operator usually possesses intimate knowledge about
the circumstances surrounding the error which can lead to the
identification. One way to gain insight into such a situation is to observe
the operator performing the task and document those behaviors for
analysis. In addition, the operator may be interviewed, Effective
interviewing skills can elicit useful information from an operator. For
instance, the interviewer should be receptive to operator suggestions for
solutions. While it may be apparent to the interviewer that the offered
solution does not address all of the necessa~ elements to provide a
workable solution, the suggestion can still provide an invaluable insight
toward a clear definition of the problem. If error analysis proceeds without
operator input, it will often be difficult to understand the full context of the
error.

412 Ranking of Errors (Observation)

Prioritize errors using well defined criteria to establish which errors
should first receive attention.
A thorough error evaluation can result in the documentation of numerous
errors. It is seldom necessary, however, to eliminate all sources of
operator error, It is important that the documented errors be examined for
their significance. Errors should be prioritized early in the process to
determine which errors should receive more attention. Prioritization criteria
may include a combination of the following:

e

@

e

Error Consequences: An explicit analysis of the error may indicate,
for example, that the significance of an error may be trivial, or that it
may have serious economic effect, or be life threatening,

Error likelihood: Some errors may occur frequently (e.g., an
operator cannot find an item in a computer menu because of an
awkward menu nesting structure) while other errors seldom occur
(e.g., an awkwardly written procedure is occasionally
misinterpreted). Note that a normally low error probability can
increase when the operator is under time pressure or another
stressor.

Cost Analysis: An error that has a small effect and a high cost to
remove may not be worth the effort. On the other hand, an error
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that affects szlfety deserves serioLls attention independent of a cost
analysis.

o Error Reversil]ility: Some errors (e.g, an error that is signaled by an
audible and visible alarm) may be corrected before a problem
occurs. An error that directs vehicles to take the wrong exit may
take longer to correct. This error can be corrected, but on~yafter a
number of vehicles have taken the wrong route.

4/3 Operator Tool [~esign (Observation)

Design controls and procedures to make correct responses easier
than incorrect ones.
System design can influence the probability of errors, and it can also
determine the consequences of errors that do occur. For example, the
probability of error ci~n be reduced by designs which make incorrect
responses difficult tcl perform: guards for switches, interlocks, anl~
lockouts are examples of design features used for this purpose. The
consequences of errors can be minimized by design features that
recognize input with serious consequences and prompt the user to
reconsider them beflore their execution. The familiar query used in many
word processing file management routines, “Delete all marked files?” is an
example. Another method of reducing error probability is to identify and
increase the discriminability of control (or display) elements whicih can be
confused with each other.

4/4 Procedures, Job Aids and Operator Error (Observation)

Provide and encourage use of clearly written, standard operating
procedures for crucial, complex or rarely petiormed procedl~res.
Identify which operator tasks are important; i.e., must be performed
accurately in a timely fashion. Error control for these tasks may benefit
from a written procedure based on a step-by-step analysis. Include active
operator input when writing these procedures to promote usability of the
procedure and/or joi) aids.
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4/5 Design Evaluation (Obsewation)

Evaluate a modified design with usability testing which incorporates
the operator.
When an operator tool is modified to improve performance, it should be
evaluated to ensure that the new design performs according to
documented expectations and criteria. A new design should be evaluated
with one or more operators preferably using several important scenarios.
This is particularly important when the new design replaces a previous
design associated with significant error. Another reason for testing a new
design is to ensure that the design does not introduce a new, different
type of error. Just because the design has changed does not
automatically mean that all error will be resolved.

4/6 Provide Decision Support Tools (Observation)

Design and provide decision suppotis for complex, critical, or
infrequently made decisions.
Paper or computer-based decision trees, for example, for maintenance
troubleshooting or for managing unusual incidents may make the job less
error-prone.
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5.1 Human Performance

One of the major goals of the l[TS philosophy is to bring increasing levels of automation
into the TMC. On first consideration, it seems obvious that increased automatic,n of
sensing, data processing, decision making, and communication and control functions
should reduce the operator’s workload, reduce operator errors, and improve TMC
performance. But automation !brings with it a whole new set of human factors problems.
Operators must use complex hardware and software systems with functions they do not
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filly understand, and with user/system interfaces that may seem far less natural than the
lower technology systems with which they are familiar.

While high levels of automation maybe the ultimate goal, our studies have shown that
the human will remain an indispensable element in the TMC during the foreseeable
future. Thus, the expected performance of the human operator is as important as the
expected performance of the sensors, computers, and other hardware/software systems in
designing the TMC. This chapter summarizes some of the important human performance
characteristics and limitations that should be understood by designers of TMC’s and
TMC systems.

5.1.1 Human response to TMC demands

One of the primary jobs of the TMC operator is responding to traffic anomalies such as
incidents, equipment malfunctions, and roadway congestion. In order for ATMS
operators to respond to a traffic anomaly, the problem first must be detected and

appropriately categorized. Alternative responses to the anomaly must be identified and
weighed. Then appropriate response tactics must be selected and implemented.

Detecting and verifying roadway incidents will remain largely the responsibility of
operators in the TMC. hcident detection requires focusing attention on various
information displays, including automated incident detection systems, and correlating the
information obtained. Vital tasks include monitoring numeric, graphic, and closed-circuit
television displays to determine whether traffic speeds and volumes are at abnormal
levels. In addition, obsemers scan the video monitors to find incidents and evaluate their
severity. Operators may also listen to radio and telephone communications for reports of
traffic incidents and other alerts. Whether using automated or manually operated systems,
operators must continuously evaluate the need for their intervention, determine
intervention priorities and tactics, and then carry out actions to control or influence traffic
flow.

Although technologically advanced equipment will aid in the ATMS’S monitoring,
memory, and decision making tasks, humans will still play a large role. When humans
perform attention demanding tasks, mistakes will naturally occur. As ATMS automation
increases, the range of human tasks will narrow to mostly include those in which the
nature, amount, and relative ambiguity of information exceed the capability of the system
to take automated action. This will, in fact, increase, rather than decrease, the criticality of
the human role.

5.1.2 Performance concerns

Human performance issues in the TMC can be categorized into four primary areas:

@ Attention, monitoring, and vigilance. AS operator functions become

secondary to computers, there is au increased burden on the operator to
perform accurate monitoring functions. Watching the state of multiple system
and traffic variables may seem so routine that errors appear unlikely, In fact,
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5.2

the probability of errors may actually increase as the operator’s role becomes
more passive.

@ Stress, boredom, and fatigue. Human input, output, situation awareness, and

processing of information are affected by the pace and variability of he job.
The normally low workload of the TMC operator can be expected to result in
boredom and daydreaming. The sudden transition to a high workloac~
environment during a major incident can be stressful and result in
performance decrements.

@ Memory. All human cognitive activities in the TMC require the use of

memory. For exam!ple, the operator must remember the appearance and
meaning of display indications. The operator must remember TMC procedwes
or, at least, where to find the procedural checklist. The operator must also
remember past experience with a variety of traffic anomalies in order to help
select an appropriate response or fine-tune a response that was inadequate.

@ Decision mating ~terformance. The operator’s most important TMC function
is as a decision maker. In this chapter we consider the decision making
process, its limitations and biases, and the expected human performance.
Other chapters (e.g., 11, 12, and 13) address the questions of machine design
and information display and their relationship to effective decision making.

Attention and Vigilance

A primary task of the TMC operator is to monitor system and traffic conditions.
Performance is thus constraim;d by the operator’s ability to maintain appropriate attention
— to be aware of system and traffic status, to detect relevant changes in status, and to
respond appropriately. Attention and vigilance have been the subject of extensive
research, and the findings are sometimes subtle and difficult to reconcile with widespread
llotions of how people function. System design, however, must accommodate these
sometimes complex issues.

5.2.1 Definitions

The following are definitions of terms that are necessary to the understanding of human
performance during sustained attention to information displays:

e Monitoring. Atterlding toanoperation orprocedure to identify circumstances

orevents thatrequires omeactiono rresponse. This mayrequire attending to
one o]- more information channels.

O Detection. Observi]]g that asigllal orevent hasoccurred. Usually slcill based

and fairly automatic, it relies on sensory inputs.

e Search. Rapid sca.nning ofvisual material forpatiicular targets (iccnonamafl
display, keyword ml a paper, data point on a graph) within clutter, or a pattern
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@ Vigilance. Maintaining overt attention to a perceptual task for prolonged time
periods often with infrequent stimulus events. The challenge is to maintain a
sustained level of attention for prolonged periods of time, while searching for
targets that may rarely or never appear.

@ Signal. An indication of an event that requires a response or action.

5.2.2 Selective attention

Situations or tasks that require attention can be divided into three categories: selective
attention, focused attention, and divided attention. The following sections describe each
of the three categories and provide guidelines and recommendations for improving
performance of tasks in which these occur.

Selective attention is attention that alternates between channels of information. A TMC
operator who scans a number of displays looking for a deviant reading is using selective
attention. Selective attention is probably the attention type that will be most commonly
identified with TMC operators. When studying selective attention tasks, two sources of
stress may be evident.

@ Load stress. IS stress imposed by an increasing number of channels over

which information is presented.

@ Speed stress. 1s stress related to the rate of signal pt-esentation,

For selective attention tasks, load stress is more important than speed stress in degrading

performance. ’53)When people must attend to multiple channels of information, they
usually concentrate on channels in which signals occur frequently rather than those where
the signals occur infrequently.

Further, due to human memory limitations, channel scanning strategies maybe less than
optimum. People often forget to examine a specific source when many sources are

present, and people tend to check other sources more often than would be necessaW if
they remembered the status of the source when it was last experienced. “0]) Under high
stress conditions, fewer sources are attended to and the sources attended to are likely to be
those perceived as the most impofiant and salient. People tend to overlook or ignore
information that is contradictory to their analysis Of the situation. (86) This Characteristic

frequently has been called “tunnel vision” although it is in no way related to the operator’s
visual fields.

A limitation of selective attention is that, in some cases, we select an inappropriate aspect
of the environment to process, Thus, when designing selective attention tasks, the
following guidelines should be considered.
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5/1 Number of Chanrlels (Recommendation; 101)

When multiple chanrlels (displays or sensory modalities) must be
monitored for signals, use as few channels as possible.
This holds true even if it means increasing the signal rate and amount of
information per channel. After prioritizing tile channels, examine the least
im~ortant for deletion.

5/2 Channel Prioritization (Recommendation; fOl)

Provide information to the person as to the relative importance of the
various channeis so that attention can Ibe directed more effectively.
A suppoti system, for example, might specify specific displays or CCTV
monitors that are showing anomalies.

513 Workload (Observation)

Reduce the overall It?vel of stress or workload on the person so that
more channels will k~esampled.
“Stress,” in this case, refers to other demands. If more channels must be
monitored, the attentif]n resources must be increased. The most obvious
way to do this is to reduce the amount of attention that must be paid to
other tasks. In an em[?rgency situation in the TMC, the operator who must
do the monitoring might temporarily have other tasks given to temporary
personnel so he or she can attend to the important information.

514 Scanning Pattertl (Recommendatic)n; 104)

Train the person to [affectively scan information channels and
develop optimal scan patterns.
Some operators may tend to concentrate their attention on their CCTV
monitors to the detriment of computer displays. An effective scan should
include all of these information sources.
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515 Channel Proximity (Recommendation; 101 )

If multiple visual channels are to be scanned, put them close
together and in relative positions that reduce scanning (eye and
head movement) requirements.
Chapter 2 on link analysis describes techniques for analyzing the order in
which displays might best be scanned and Chapter 10 on work station
design describes their placement in the console,

5/6 Auditory Channel Competition (Recommendation; qOf )

If multiple auditory channels are to be scanned, ensure they do not
mask (interfere with) one another.
Select sounds that can be recognized when mixed with other auditory
display sounds. See Section 8.3 on auditory signal choice.

5/7 Signal Time Separation (Recommendation; 101 )

Signals that require individual responses should be separated in
time and presented at such a rate that they can be responded to
individually. Avoid extremely short intervals (less than 0.5 seconds).

5.2.3 Focused attention

Focused attention involves attending to one source of information and excluding others.
An example is a maintenance dispatcher who must concentrate on a single radio
communication while ignoring other noise in the room. Failure of focused attention
means that the individual is unable to concentrate on one source of information in the
environment and tends to be distracted (e.g., a traffic operator attempting to rapidly locate
a critical information element in a crowded display.) Thus, when designing the control
center, the following guidelines concerning focused attention taslcs should be considered.

5/8 Channel Discrimination (Recommendation; 101)

Make the channel to which the person is to attend as distinct as
possible from competing channels. Make it larger, brighter, louder,
or more centrally located than the competing channels.
Use the task analysis performed during the front-end analysis process of
the TMC design to define the most important channel and make sure that
it “stands out” from other sounds or visual signals.
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5.2.4 Divided attention

A divided attention task requires the operator to pay attention to two sources at tk~e same
time. An example is an operator performing two or more separate taslcs (e.g., mo]~itoring
congestion buildup at one location and dispatching maintenance to a malfunctioning
controller at another) while simultaneously paying attention to both.

Simultaneous visual signals and. simultaneous auditoqr signals are both difficult to
monitor. Such a divided attenticln audito~ task is somewhat easier if the messages are
delivered to separate ears. Divicled attention is more r~sily accomplished if information
channels use different sensory modalities, such as vision and audition. However,
performance still suffers in comparison to attention focused on only one channel,
whenever the task is at all difficult. ’34 ]]‘) Only when the taslcs are very basic (e.g.,
responding to a simple signal as soon as it occurs in either of the two modalities) is
performance unimpaired under divided attention cond~tions, (34 ‘“i A major limitation of
both visual and auditory attentional mechanisms is that, like the movement of the eyes,
attention cannot be drawn simultaneously to more than one location in the visual field at
any one instant. ‘4s)Guidelines for designing divided attention tasks include the
following: ““’1

5/9 Task Di~culty (Recommendation; 101 )

Keep diticulty level of tasks as low as possible when more than one
task must be done at once.

5/1 O Task Similarity (Recommendation; 104)

Tasks to be performad simultaneously should be made as dissimilar
as possible.
The operator, for example, should not be required simultaneously to
petiorm multiple manual operations, multiple operations requiring listening
to information, or multiple mental calculations. Combining a manual
operation with a mental calculation would be more permissible,

5/1 1 Task Memoy Requirements (Recommendation; 101 )

When manual tasks are timeshared wit[n sensoy or memory tasks,
design work so that tasks with high memoW requirements have low
manual requirements.
This can be accomplished by deliberate task design or by training to make
the manual functions !jo automatic that (like walking or driving) they
require little planning or thought and so do not compete with mental
demands.
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5.2.5 V]gilance

Vigilance and monitoring tasks require sustained performance, the continuous execution
of a task over a prolonged time period. Driving an automobile a long distance, working
on one task all day, and monitoring a TMC computer screen for incidents are all
examples of tasks which require sustained performance.

Though the basic tasks are simple, sustained performance can be hard to achieve. For
some tasks, a person can perform well for an extended time period, but then the
performance level drops. On other tasks, the performance level steadily decreases from
the start of the task. Performance decrements include both loss of ability and loss of
attention. Monitoring tasks -hours of boredom punctuated bymoments of excitement
—maycomprise alargepart of the TMCoperator’s duties. Several significant variables
impact performance of these kinds of tasks.

Arousal. A significant part of maintaining overt attention is a certain degree of arousal or
alertness. Invigilallce taslcs, people adopt certain bodypositions, tense specific muscle
groups, and have the feeling of “concentrating.” ’34)People associate physiological arousal
with theabilityto sustain attention. However, performance does notalways increasers
arousal increases.

The Yerkes-Dodson Law describes the relationship between arousal and performance as
an inverted U-shaped function (Figure 5-1), The upward limb is “energizing,” and
expands the resources available. Thedownward side istheconsequence ofa more
specific effect of high arousal on the selectivity of attention or “tunneling” (narrowed
attention) to different cues.

High
Simple tasks

a
o

! -
s

Low I

Low Level of Arousal High

~lgure 5-L Performance as a function of arousal level for simple and complex tasks
(after Gawron, 1982).

Overall performance in any task pe~dc.~at an intermediate leve[ of arousal. Optimum level
of arousal islligller forsilnple tasl<sthall forcom]>lextaslcs. Inthe TMCcase, this has an
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impact on design of tasks that will be undertaken under l]igher levels of arousals.
Emergency procedures, for example, should be relatively simple to avoid perfom~ance
decrement. In any case, physiological arousal is mainly responsible for the overall level of
vigilance, but is basically unrekited to the decline in performance over time. ‘go)

Sensitivity loss. A sensitivity loss occurs with fatigue and memory load. ’21)Fati&me may
cause the obsewer to become inattentive and look away more frequently as the watch
progresses. Consequently, signals are missed. Such a condition might occur during night
shifts in the TMC when workload demands are light. ,4 similar decrement may occur
when the job stresses the operator’s working memory (for example, a number of llasks that
require reference to knowledge of operating procedures, protocols, and entry
commands). ‘g’)

Criterion shifts. b most vigilance tasks, when the hit (successful detection) rate
declines, the decline is paralleled by reduction in false alarms (See Section 4.3,1,). This
may indicate decreased arousal. A high number of false alarms by the human operator
implies a “hair trigger” while a low number indicates a sluggish or conservative bias. As
arousal decreases, vigilance performance decreases (the probability of correctly noting an
event goes down). Because physiological arousa[ is basically unrelated to the det;line in
performance over time, arousal shifts do not explain all criterion shifts. ‘g’)

Subjective probability and the resulting response criterion change both from training and
from experience with the actual signal rate. For example, to facilitate rapid learning, a
trainee is presented with a high number of targets during training, If, during the actual
vigilance session, a considerably smaller number of targets appear, this creates a sizable
difference between the trainee’s expectations and reality. A significant decrement in
vigilance perfomarrce (a high false alarm rate) might be expected until the criterion
becomes more realistic. If training more closely corresponds to reality, initial vigilance
decrement is reduced (though training may become more time consuming.)
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DECISION CRITERION AND THE OPERATOR

The operator in the older TMC was provided with graphical computer displays that provided

occupancy data for each of the inductive loop stations in the network. When these data (high
occupancy) indicated a strong likelihood of an incident, the operator was to begin verification
measures including CCW scans and radio calls to patrol cars that might be in the area. High
occupancy could also be the result of “norma~’ congestion or a temporary sensor malfunction.

When first given the task, the operator selected 50 percent occupancy as his criterion level at
which to begin incident verification procedures downstream from the given sensor. After a few
days experience it was apparent that almost all incidents were being found but that the operator
had a very high workload “chasing” false alarms (especially minor congestion). Moving the
cflterion to 60 percent occupancy reduced the operator’s workload considerably as there were
many fewer false alarms; as expected, though, several small accidents went undetected.

As the new operator gained more experience, he recognized that the 60 percent occupancy
criterion didn’t work equally well for every sensor location. Upstream from one freeway
interchange, for example, was an area of frequent accidents and many of these were missed by
the TMC. The operator, therefore, decided on a criterion of 45 percent occupancy to begin
verification actions at that particular location.

5.2.6 Vigilance, search, and monitoring

Many of the most critical operator functions in the TMC involve monitoring of machine
output. The design of that output is described at length in Chapters 8, 9, 10, and 13. h
this chapter, we examine the human side of the vigilance equation.

The following factors in the design of the monitoring taslc can affect human performance:

Duration of monitoring. Monitoring performance deteriorates with time. In monitoring
situations, such as a milita~ radar watch or observation of CCTV images in the TMC,
performance deterioration usually begins after only 30 minutes. Hence, the milita~ limits
shifts involving close monitoring to that amount of time. Observations of individuals
performing during long watches show that there is a continuous performance decrement
followed by a brief burst of improvement when individuals realize they are reaching the
end of the watch.’18)

The monitoring tasl<s in the TMC are somewhat more diverse, and less vulnerable to early
performance decrement than in a mentally unchallenging tasl< such as watching a single
radar screen. But performance does, in fact, decline no matter how motivated the
operator, Factors that influence the monitoring performance of operators are as follows:

Frequency of signals. Generally, a moderate frequency rate (that is, the number of times
the signal occurs in a given period, not the frequency in the sense of cycles per second)
gives the best performance. However, in all-or-nothing displays in which the signals to be
detected are the only stimuli presented, the detection percentage of low frequency signals
is lower than high frequency signals. In the TMC, automated detection and reporting of
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low frequency signals should be a priority (See Chapter 8 for more detailed description of
signal frequency.)

Regular occurrence of signals. Regularly occuming signals are more likely to be
detected. An experienced TMC has noticed that controllers in the central city, installed by
one vendor, are substantially ]more reliable than those in the northern periphery that were
installed by another vendor. The operator will be more likely to quickly detect a failed
controller in the area where a daily failure is expected than in the area where failures are
rare. The higher probability of a signal occurring co]:responds with a higher probability of
detection. (In fact, it affects ttle decision c],iterion discussed in 4.3.)

Complexity and accuracy of the display. A highly cluttered background from which the
signal must be detected will lead to performance decrements. For instance, noisy, hard to
read displays require longer sampling durations. In the TMC, a cluttered “big board’ or
video map display may make small targets — a blinking pixel at an intersection
indicating an unusual traffic condition, for example — hard to detect. (For design
purposes, see guidelines for visual and auditory displays in Chapter 8, display “declutter”
in Chapter 11, and data fusion in Chapter 13.)

Signal strength. The signal intensity and clarity affect detection performance. A long
duration, high intensity signal improves perforrnancs.

Knowledge of results. Providing knowledge of results improves performance. Feedback
provides a guideline for operators to adjust their behavior monitoring,

Location in space. If visual fixation is required, peripheral signals (those outside the
center of vision) are often overlooked. For guidelines on visual display position, see
Chapters 8 and 10. Signals expected to be in the visual periphery will be more easily
detected if they are blinking or moving.

Source of signal (one source versus multi-source). Performance is superior with multi-
source signals. For example, a critical traffic condition on a video map display might
consist of a visual indicator (flashing symbol) and an auditory display (beeping tone),
particularly if the display is nt>isy and the target is hard to notice, or the condition is
infrequent. Peripheral sources (a flashing signal outside the direct line of vision, for
example) are less likely to be detected than central sources, and might benefit from a
multi-modal display.

Perceptual load/memory loald. A small load leads to boredom and to a performance
decrement. A large load leads to fatigue and a performance decrement. Note: successive
presentations of signals cause greater memory load than simultaneous presentations.

Overall monitoring strategy chosen by observer. Given a large number of displays to
view under a time constraint, the viewer will only monitor those displays that are higher
priority and/or more easily vi<>wed because of the information format. A TMC operator
may, for example, be obliged to divide attention among CCTV displays, the “big board’
and his personal display (which will probably have several sub-choices of information:
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maps, system status, etc.) Several TMC’s currently operating have multiple displays for
each operator, usually due to the installation of new systems that supplement older ones

that are hardware or software incompatible without replacing them.

Amount of practice. Generally, the more experienced the observer, the more the
response is automatic and performed in an optimal manner, This is particularly critical for
displays with contributions that are infrequent and irregolar.

Task complexi~. Two tasks requiring different modalities will suffer a lower
performance decrement than those under the same modality, Two tasks of visual modality
will create the worst performance. In the TMC, monitoring a visual display while
attending to radio communications will result in little or no loss of vigilance; a
requirement to monitor two visual displays, on the other hand, may cause loss of
efficiency in either or both.

5.2.7 Designing TMC7S to improve vigilance

During the design process, there are several broad, systematic efforts that can be
employed to improve vigilance performance, These are summarized in the following
guidelines and recommendations:

5/12 Activity and Alertness (Principle; 18)

VaW operators’ activity to improve alertness.
A break as short as 5 minutes can decrease the decrement if placement
of the break is appropriate for the work flow. In general, TMC operators
have several tasks to attend to during the shift and they will frequently
vary activities on their own to maintain alertness.

5/1 3 Rest Break (Principle; 18)

Provide an appropriate amount of time for a break.
A 5 to 10 minute break is about the tight length.

51~4 Break Schedule (Principle; 18)

Schedule a break at an appropriate time.
Placement of breaks interacts with their length. To reduce performance
decrement, btief pauses must occur within the first 30 minutes of the task.
Thus, there is a trade-off between how much effect a pause has and how
much task time is used for the break.

5.12



5/1 5 Self-Paced Tasl<s (Recomme~ldation)

Use self-paced ta$k:j to reduce boredom and fatigue.

5/1 6 Task Complexity (Observation)

In designing work, allow for the fact that the complexity of the task
should be appropriate to the expected level of alertness or ar~~usal.
If a predicted situatiorl, such as a traffic emergency with injuries, can
logically be expected to raise the arousal ievel of the operator on the spot,
the actions required should be as simple as practicable. Sequences of
action that are easy t{] perform under routine conditions may be much
more challenging under pressure.

5/1 7 Infrequent or Irregular Signals (Obsewation)

Provide special cuee such as unusually strong signals to ensure that
the operator notices conditions that occur infr~quently or irregularly.

5/1 8 Use Operator Feedback (Obsewation)

Provide feedback 011operator responses to decrease the probability
of an error of commission.
For example, messa~les transmitted by an operator to a VMS shodld
provide feedback to assure that the message and location are correct.

5/1 9 Multi-Channel Signa!s (Obsewation)

When a signal must be detected with high reliability, use redundant
visual and auditory signa!s.
An incident detected by an automated system might be signaled by both a
flashing icon and a beeping sound. This technique also supports signal
detection after a long period of operator inactivity.
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5/20 Stress Identification (Obsemation)

identify likely stressful conditions and structure tasks to reduce high
stress Ieveis.
This will usually come at a later stage, possibly during prototyping, when it
is possible to observe or predict the nature of real TMC scenatios. The
decrement in vigilance under stressful conditions could allow an operator
to miss ctitical information.

5/21 Range of Operator Skill (Observation)

Consider the range of operators that will use the system, and allow
for the effect of experience on performance.
This may, for example, include on-screen choices for computer interface
that allow the operator to select more or less information displayed based
on experience and comfoti.

5/22 Perception and MemoW Requirements (Observation)

Identi@ and eliminate possible intetiace requirements that force an
operator to exceed the limitations of human perception and memory.
For example, entry of complicated codes from a long list of possible
choices should be supported by job aids such as quick-reference cards.
Excessive requirements can be identified during rapid prototyping of the
intetiaces and early test and evaluation.

5/23 Multiple Monitoring Tasks (ObseNation)

Avoid situations that may require the operator to monitor more than
one task at a time in the same Channel.
Where complex monitoring tasks are necessary, use data fusion
techniques to simplify the tasks,

5/24 Optimal Demand on the Operator (Observation)

The design of work should allow for optimal level of demand on the
operator.
If the operators’ tasks are so automated that little activity is required
beyond monitoring automated systems, the operators’ level of arousal
may be expected to fall and the response when the traffic situation
requires human intewention may be less than desirable.
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5.3 Stress, Boredom, and Fatigue

Stress, boredom, and fatigue all alter the state of the body in a way that may be
independent of tile specific demands of the work the individual is doing.

5.3.1 Stress

Stress, the response of an individual to demands, stems from a number of sources
including work, environment, and circadian rhythms.” 01)Stress derives from
physiological, psychological, and social factors.

Stress grows from both external and internal origins. Extemai origins maybe physical
and social aspects, such as hif;h workload, exacting demands, or uncomfortable
environmental conditions. Internal sources are particular internal states. A person’s
concern for consequences or failure could cause him/her internally driven stress. ‘101)

Examples ofphysical stressors include: ’63 101)

e Physical exertion

@ Exposure to noise over 80 dB.

e Work environment with high or low temperatures

e Changes in individua~s circadian rhythms.

@ Boredom, which can result in an aversion to continued effort.

. Information overload and vigilance

Examples of social stressors :~re:

@ Pressures from pe(;rs/supervisors/anxiety.

. Anxiety over an anticipated evaluation of work.

e Adapting to domestic changes.

Physical symptoms of stress ?~reidentifiable in a number of ways. These include increased
blood pressure, heart rate, respiratory rate, gastrointestinal disruptions, and neurological
manifestations. Psychological. measures include behavioral (work rate, errors, blink rate)
and attitudinal measures (boredom and other factors). ” 0’) The effects of stress on
performance vary among peolple.

One of the clearest conclusions about stress is that effects of stress depend on the type of
job being carried out. For instance, some situations are not vulnerable to stress from high
temperatures andor shift work because they demand efficiency on performance: functions
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that are not impaired under these conditions, (63) However performance of many critical

tasks in the TMC maybe affected by stress. Loading printer paper is a mechanical task
that can be carried out satisfactorily even under stressful conditions; entering a complex
series of commands in I-esponse to traffic flow is a task vulnerable to stress.

At this point, we must again consider the effects of individual dz~erences. Different
people working within the same environment may have highly different reactions to the
stress level, (I”l) Characteristics in physical, mental, attitudinal, or enlOtlOnal natures maY

be revealed in an individua~s capability to adapt to differing conditions.

5.3.2 Boredom and fatigue

Boredom and fatigue are often overlapping states. Boredom is the subjective state which
arises in repetitive and monotonous environments. Boredom can become apparent within
minutes of onset of a monotonous task. Boredom is the result of the requirement to
maintain attention in the absence of relevant task information. ’63)

Fatigue can also be the principal product of hours of continuous work. For instance, skill
fatigue is fatigue stemming from performing complex tasks or tasks involving a number
of simultaneous processing requirements. Skill fatigue causes an increase in the
variability and timing of actions. Skill fatigue also produces changes in attention
distribution, These changes vary depending on the task. ‘ds)

Sleep disturbances also cause fatigue and stress. Total sleep loss produces considerable
subjective stress. Performance effects usually appear after the operator has been worlcing
for some time, and thus, brief tasks may not be impaired. ’63)In continuous work without
sleep, an individua~s fastest reactions are unaffected, but the slowest reactions take longer
and longer to execute. In vigilance performance, both auditory and visual signals are
impaired by sleep loss and are especially impaired later in the work period. (63 ’23)

Moderate or small reductions in sleep time may reduce efficiency if continued over
several nights. In addition, differences between no sleep and one to two hours maybe
important.

Circadian rhythms, and rotating shifts. Another aspect of ATMS that must be
considered is rotating shifts and their affect on circadian rhythms. Simply stated, the
circadian rhythm is your body’s natural clock. Circadian rhythm is the biological cycle all
humans experience throughout the day and the night. During this daily cycle, one’s pulse
rate, blood pressure and body temperature rise and fall. These changes also cause us to be
more alert and effective at some times during the day than at others. Human peak activity
is associated with the circadian rhythm peak that occurs between 8:00 AM and 2:00 PM.
Human low activity occurs in the late evening and early morning when circadian
mmimums occur.

Time of day effects. Performance differences occur during the day because of the
circadian rhythms. For example, human performance of calculation tasks and during
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(63) In other tasks, a Perfomnancesporting events may be at its best in mid-afternoon.
impairment occurs in the early afternoon. (63)performance or. nearly all dimensions is

poorest at approximately 3 AM. Figure 5-2 shows the distribution ofperfomance for a
24-hour cycle

Omo 10600 0800 1000 1200 1400 1600 1800 2000 2200 2400 0200

fime of Day

Figure 5-2. Errors in reacling meters as a function of time of day (from l~~nors &
Waterhouse, 1981).

Shift work. Circadian rhythms are crucial to consider when shift work is involved. ’57)
Any operation or activity that runs 24 hours each ddy (including some TMC’SI requires
shift work. For instance, air traffic controllers, nuclear power plant workers, medical
personnel, production workers, and police officers all could have shift work schedules.
Since motor vehicle traffic is a continuous activity, TMC designers will consider shift
work. Night shift workers arf; near their circadian miuimums when they work early
morning and night shifts. ’76 ’32)

[ndividua~s reactions to shift work changes are usually assessed according to subjective
health-effects including sleep/wake disturbmces ad digestive and neurological problems
including sleepiness and irritability, (57)There is considerable evidence that sleep of shift

workers is disturbed by both permanent and rotating shifts. The effects are most apparent.
for night shifts. ’63)

Shift work can cause sleepiness, gastrointestinal symptoms, and decreases in performance
due to conflicts with normal circadian variation. ‘s7)Thus, it is easy to see how rotating
shift work could leave workers fatigued and error-prone.

Several factors appear to affect circadian adjustment. First, frequency of rotation affects
adjustment. k slow rotation shift schedules, more circadian adjustment occurs than in
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rapidly rotating schedules. In addition, individual differences affect adjustment.
Individuals whose body temperatures peak early in the day ~’moming” people) will have
more difficulty adjusting to a night shift than “evening” people whose body temperatures
peak Imuch later in the day. Age is also a factor. Beginning around age 40-50 years,
people tend to have slowel- adjustment rates to shift changes. Physical fitness, ability to
overcome drowsiness, and flexibility of sleeping habits are other individual differences to
be considered in designing and assigning shift work schedules. ’57)

5/25 Extended Shifts (Principle; 101)

Consider more frequent breaks and closer supervision during
extended shifts.
Errors and stress may result from extended work time. Extended shifts should not
be considered unless unexpected traffic system stress absolutely demands it,

5/26 Night Shifts Petiormance (Recommendation; 76)

Expect and plan for degraded performance in the 3 AM to 6 AM hours
when circadian rhythms are in the low part of the cycle.
Minimize the need for careful monitoring, short-term memory, and
decision making in the pre-dawn hours.

5127 Shift Changeover (Observation)

Avoid quick shiti changeovers.
Allow a 30-minute shift overlap for the incoming operators to develop a
“picture” of the traffic situation before outgoing operators leave the TMC.
Rapidly changing shift assignments can cause performance problems.

5.4 Memory

Memory is divided into two types, working memo~ and long-term memory. Working, or
shofi-term, memory is the temporary, attention-demanding storage used to retain new
information (like a telephone number) until we use it (dial tie number). brig-term
memory is stored more-or-less permanently.
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5.4.1 Working (short-term) memory

Working memory is used wheu we evaluate, ,compare, and examine different mental
representations. Also, it acts as temporary storage for new information that we hater place
in permanent memory storage (facts, how-to-do things). The following characteristics
describe the use of working mcmoW

Information in working memory is in two forms. Spatial memory contains visual
images in three-dimensional form. Verbal or Phonetic memo~ contains words and
sounds. A glance at the “big bc}ar&’ traffic map may require a comparison to verbal or
spatial data on the operator’s own display. Since both displays cannot be viewed at once,
the operator must hold a working image of a relevant part of the big board before
comparing it to the personal display.

Working memory’s rapid de{:ay rate is one of its greatest limitations. Unless
information in working or short-term memory is rehearsed and encoded in long-term
memory, it will decay within 15-20 seconds. Once in;~ormation has decayedfrom working
memory, it is gone; it cannot be retrieved. The fastest decay occurs when a near.. capacity
number of items are held in wclrking memory. When this occurs, the individual ,eannot
rehearse and transfer the information to long-term memory,

Memory capacity varies. When full attention is used, a person can store between 5 and 9
(7+/-2) items in working mernury at one time. (83) An item maybe an individual letter Or

digit or letters and numbers that can be combined ~’chunked’) into words, images, or
series of numbers that make sense to the individual. Essentially, the person remembers
the single chunk, such as the word, “computer,” rather than remembering the 8 letters,
c-o-m-p-u-t-e-r. Chuuking expands working memory capacity by reducing the number of
items in working memory. Dis]plays and information can be designed to facilitate
chunking.

Forgetting of material from working memory also results from active interference.
Both previous information and new material interfere with material stored in wc,rking
memory, For example, an indi~ridual looks up a phone number and then forgets it before it
is dialed because someone asks a question during the retention interval (interference
caused by new material).

Need to monitor multiple variables. When contending with multiple variables, working
memory is more efficient when the variables are very different. Similarities in tasks tend
to be confusing if those tasks share a common code; therefore, the codes maybe easily
forgotten or confused if one’s attention is diverted, even briefly. Examples of codes that
challenge working memory include telephone numbers, postal ZIP codes, and computer
commands.
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5.4.2 Long-term memory

The second type of memo~ is Iong-tem memory. In computer metaphor, working
memory is RAM and long-term memory is tile brain’s “hard disk.” Long-term memory is
subject to the following rules:

The long-term memory contains information in at least three forms. One form is
declarative knowledge orjticfs. The second form is procedural knowledge or “how to”
do something. The third is sensations; the sights, sounds, tastes, and odors we experience,

Decay may never occur but difficulty in retrievaI and retrieval failures will occur.
While working memory will decay and become inaccessible (like a file erased from a
computer disk), long-term memory may become unavailable (like a computer file whose
name has been forgotten.) A good example of this is the familiar “tip-of-the-tongue”
phenomenon in which recall of a familiar name or book title remains frustratingly just out
of reach.

Job/memory aids can be valuable. One apparent solution to the quick decay of
information in memory is to incorporate job aids into the task. Memory aids provide a
valuable service and can be filtered or physically turned off. One type of job aid, display
augmentation, could provide a continuous record of the information appearing in a long
lasting display, Another job aid might set a movable pointer to a previous or nominal
value. A third job aid may simply record and replay radio and telephone messages.

Memory aids are not always easy solutions. A trade-off occurs; while memory aids reduce
the strain on working memory, they increase display clutter. A cluttered display is more
confising and difficult to read, and the increased visual workload also causes increased
error rates. Thus, keep in mind that memo~ aids can distract and disrupt perception.
Chapter 12 (User Aids), discusses these challenges in detail.

Time of day affects memory. As previously noted in this Chapter, performance
differences occur during the course of one’s circadian rhythms and these rhythms are
connected with the “time of day effects.” While performance on most tasks follows body
temperature rhythms and tends to increase throughout the day, long-term memory
performance appears to be best in the morning. For immediate recall, short-term memory
performance is also better in the morning than later in the day.

5.4.3 Designing TMC’S to support memory

Research and experience have shown that there are numerous strategies that can be used
to support performance on memory tasks in the workplace. Some of these are
summarized below:
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5/28 Consider Memow Requirements (Observation)

Design tasks to respect the limits of working memoW.
If the items are important, put them on paper - or on the monitor. Forcing
an operator to rememlber long numeric strings, for example, can quickly
tax working memory; similarly, memorizing one string and then a second
string will tend to dtive the first out of memory. Performance testing with
prototypes will help id[?ntifyproblem areas.

5/29 Long Term Memory (Observation)

Support long-term w~emo~ with techniques that promote recalll,
including:

e job aids.
0 mnemonics.
@ recall cues on displa]~s.

5/30 Similar Sounds (Observation)

Avoid codes with large strings of similar sounding chunks.
A series of commands to be keyed in to the system that are similar in
sound may interfere with one another. Velebal information is rehearsed
and temporarily storeld by its “sound,” even if the sound is generated in
subvocal speech.

5/31 Memory for Lor]g Series of Items (Recommendation)

Support memory for a long series of items by providing a mix. of
numeric and alphabetical items.
Years ago, telephone numbers were of mixed content — verbal and
numeric. As telephone systems “improved,” the verbal part gradually
disappeared; Woodlelwn 2-1636 became 962-1636 and recall became
more difficult.

5-21



5132 Working Memory Intetierence (Recommendation)

After task analysis has revealed what information will be stored in
working memory, ensure that intervals before, during, and afier
storage are free of any unnecessary activity that uses the same code
(spatial/verbal).
If someone is trying to keep a telephone number or numerical location
code in working memory, having tolisten toastring of unrelated numbers
will not bea welcome interruption, Ininterfaces, operators will frequently
have to keep some information (such as a location code, variable
message, or telephone number) “in mind” — that is, in worting memory —
for a short period of time. Tasks should be designed to avoid forcing the
operator to attend to conflicting information of the same coding type.

5.5 Decision Mating Constraints and Biases

Many of the active interventions by human operators in the TMC will involve making
decisions. These decisions may be complex, based on limited information, and have
uncertain outcomes. These are the kinds of decisions for which the human is better suited
than a computer or an artificial intelligence system.

5.5.1 Requirements for decision ma~ng: The General Decision Model

Decision making is a complex cognitive process by which people identify and evaluate
alternatives and select a course of action. The general process in decision making is
illustrated by Figure 5-3. A decision maker samples cues/infomation sources from the
environment. Some uncertainty comes with the information. Upon sampling and
integrating information, the decision maker attempts to formulate a hypothesis about the
true state of the world and use it as a basis for further selections (this can be a diagnosis
or a prediction/forecast). This process utilizes both working memory (compare, evaluate
hypothesis) and long-term memory (plausible hypotheses are stored in long- term
memory). The initial diagnosis may be followed by a further search for cues confirming
or rejecting the hypothesis. Next, a choice of action is taken, Choice usually involves the
evaluation of ris/c, Then, feedback begins.

The outcome of the decision may affect the next round of sampled cues. I@owledge of
the outcome, whether successful or not, can influence future decisions through learning or
through modifications of current plans. Feedback reinforces or discounts the rule/process
used to make the decisions. If feedback shows a decision to be correct when the rule used
was wrong, it will be reinforced, and thus more difficult to “unlearn” later. Delayed
feedback may cause many factors of the decision to be forgottefldistorted. (122)
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5.5.2 Humans as decision makers

There are inherent biases in the way people seek information, estimate probabilities, and
attach values to outcomes. These biases may produce irrational behavior.People do not
always act accordingto objectiveprobabilitiesof gain and loss. ’101‘22)Consider how
each of the following decision biases might affect a TMC operator’s assessment of a
developing traffic crisis:

@ People give undueweight to informationfirst received and lessweight to
information received later.

~ People are generally conservative and do not extract the optimal amount of

information from the sources.

@ Subjective odds favoring one alternative over another are neither assessed to
be as extreme nor given as much confidence as they should be. This is another
example of a human conservative bias.

* As information is gathered, people become more confident in their decisions,
but not necessarily more accurate. In addition, tie accumulation of too much
information for the operator to handle can cause a loss of confidence.

~ People have the tendency to seek far more information than they can absorb.

~ People treat all information as if it were equally reliable

@ Humans appear to have a limited ability to entertain more than a few (3-4)
hypotheses at a time.

@ Humans tend to focus only on a few critical attributes at a time and consider
only two to four possible choices that are ranked highest on those few critical
attributes.

@ People tend to seek information that con$rms their choice o~acfion and to
avoid information or tests whose outcome would disconfim their choice.

~ A potential loss is viewed as having greater consequence and, therefore exerts
a greater influence over the decision making behavior than does a gain of the
same amount.

5-24



Too MUCHKNOWLEOGE

An example of the complications oil human decision making comes from an evaluation of an Army
command center. Tactical commarlders had been demanding that electronic media provide them
with ever more and more knowled~le about the enemy situation and probable intentions, on the
presumption that more information would yield more certainty.

In a carefully designed expedment, researchers at West Point tested this idea, The result more
information does provide more certainty — up to a point. When too much information was
provided, the Subjects (all of whorr) were experienced commanders) ‘felt less confident that they
had any accurate idea what was hiippening. In fact, they were increasingly unable to integrate
multiple sources of information intc)a mental picture that meant anything.

Follow-up testing disclosed that thf>problem could be solved in part by data fusion (See Section
13.10). The lesson: when a human is part of the system, an important task of the automated
subsystems is to present information to operators in a way that supports accurate decisions.

5.5.3 Use of decision aids

Decision making is influencedby many factors.Engineeringpsychologistshave looked at
such factors and been able to identify some of the cirr~mstances under which decisions
are likely to be degraded. This kmowledge allows us to propose decision aids that tend to
offset biases.

By understanding humm capabilities and limitations, designers can develop better
methods for presenting and pre~]rocessing information to improve decision qualily. For
instance, we might program a computer to keep track of hypotheses, aggregate
probabilities, and select the best information sources.

Advantages of decision aids “’22)

@

e

e

e

Tend to minimize the influence of individual differences, emotional states,
and misperceptions of probabilities.

May force structurir[g of problem as opposed to haphazard guesswork.

May force consideration of multiple options, offsetting common
decision bias.

,May force quantitative weighing of options (trade-~ ffs).
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Disadvantages Of Decision Aids. Decision aids are not always the best answer. If
improperly designed or applied, a decision aid: “22)

@ May discount valuable user intuitions.

@ Maybe ignored if it is seen as inaccurate

~ May not be adaptable to unusual circumstances.

@ May increase time for decision making (this could also be an advantage in
some situations).

e Maybe exceedingly difficult to evaluate.

When designing decision aids, observe the following guidelines:

5133 Diagnostic Information Access (Recommendation; 122)

Present all diagnostic information concerning ail alternatives for
simultaneous consideration.
This creates challenges for display design that are considered in Chapter
11 andespecially in Chapter 13.

5/34 Information Prioritization (Recommendation; 122)

Design the system aid to filter and present those information
sources that contain information on the important attributes.
Data may be presented so that sources that are most reliable and most
diagnostic (that is, most likely to provide information useful to the
decision) are highlighted. A caution should be added here: This approach
implies machine-centered decisions, and the machine is not always in the
best position to make a decision. See discussions on function allocation in
Chapter 3.

5/35 Decision Alternatives (Recommendation; 122)

Design the decision aid to force the operator to consider alternative
hypotheses so that anchoring and recency of initial hypotheses do
not dominate memoW.
This guideline refers to a human bias toward the first interpretation. If
decision aids are used, they should forestall the users’ natural tendency to
make their decisions before all required information is available.
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5/36 Statistics and Clecision Making (Recommendation; 122)

Provide interpretaticjn of statistics when used Ifor decisions.
This is particularly important when large numbers of data points are being
consolidated for pres(?ntation to help the operator make a decision. When
possible, calculate and present numerical probabilities that a decision is
correct.

5/37 Decision Nd Complexity (Recommendation; 122)

Provide simple decision aids.
Test the complexity and ease of use on a sample of typical operators and
adjust the complexity accordingly.

5.5.4 Confidence in decisions

Confidence and accuracy in decision making are often unrelated. Since decision quality is
not usually evident at the time a decision is made, high confidence in that decision is
often considered as an indicatic}n of a correct decision. The tas!c, human characteristics,
and mode of display all influence decision quality. ” 03)

Many computer interfaces that lead an operator to a decision use graphic displays to ca~
information used in the decision. Is this a help in making the right choice? There is some
question whether the new graphics technology affects the accuxacy-confidence
relationship. (18)Results sho~e~j that overconfidence in decisions occurred when subjects

used graphic displays. In simpler tasks, overconfidence is not a problem because the
decision is much more likely tcl be correct.

5/38 Avoid Automation Overconfidence (Obsewation)

Avoid leading the o~~erator to place too much confidence in display
information and decision aids.
Ensure that all operators are aware of the computer limitations in their
TMC. This may include the display of sensor data and decision aids.
Sometimes introducirlg technology into a process that is difficult for
humans may create the illusion of correctness simply because the
machine seems to “agree” with the operator.
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CH,4PTER 6: JOB DESIGN

CONTENTS

6.1

6.2

6.2.1
6,2.2
6.2.3

6.3

6.4

6.4.1
6.4.2

6.5

6.6

6.6.1
6.6.2
6.6.3

6.7

The Need for Job Desigri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1

Job Design and Error Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-3

Task Integration . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6-3
Job Proto&ping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4
Operator Participation in Job Design and Testing . . . . . . . . . . . . . . . . . . . . . . . . . 6-4

Job Characteristics and Motivation Influence Job Design . . . . . . ...6-5

WorMoad and Work Pacing Influence Job Desigr~ . . . . . . . . . . . . ...6-7

WorMoad Optimkation . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6-6
Work Pacing . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6-9

Shift Scheduling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-10

Task Allocation Influences Job Design . . . . . . . . . . . . . . . . . . . . . ...6-12

Default Task Allocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6-11
Dynamic Task Allocation .,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-14
Shared Task Allocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6-15

Design for Best operator Performance . . . . . . . . . . . . . . . . . . . . . . . 6-16

6.1 The Need for Job Desigr~

A job, for purposes of this hmdbook, is the sum of all tasks assigned to a given catego~
of TMC employee, and where these tasks are performed within a given working context.
The tasks and work modules clescribed in Chapter 3 are grouped in a way that describes
the activities required of an operator. But factors other than the tasks — for example,
motivation, workload, schedul.ing, andtask allocation across operators — can influence
the design ofajob.

Effective job design is vital to the performance of the TMC’S mission. A well-designed
job will permit a qualified person to perfom that job to documented standards without
undue stress and provides enough challenge andvariety tokeepthejob performer
engaged and motivated. Convarsely,a poorly-designed jobrnayb eboringorm:~y
overwork the performer to the point of early burnout. In such circumstances the range of
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duties may not be appropriate to one pel-son’s knowledge, skills, motivation or approach.
The job performer may operate far below his or her level of effectiveness.

Designing a job is more than writing a position description. Job design is supported by a
thorough task analysis. Only after system and operator tasks are documented and analyzed
can they be distributed effectively among personnel and supporting technology.

Job design for complex systems considers the hardware/software and the corresponding
operators as a joint system and designs the technological and human aspects of the system
as a unified whole. ‘;51Chapters 2 and 3 have described methods for analyzing and
allocating tasks in complex systems. All of the information in those chapters is applicable
to job design and should be read as preparation for the ideas discussed here.

An orgmization seldom has the opportunity to design a job from the ground up. More
commonly, job design evolves as an organization grows and changes. This evolution may
result in well-desi~ed jobs, or it may eventually result in jobs that are irrelevant md
cannot be perfomed effectively,

Most often, job design is explicitly addressed when a new system is introduced or a new
function or mission is assigned to a work group. Transitions such as these provide

oPPo~lties to re-examine the assignment of duties to personnel and to ensure that such
assignments are rational and practical within the real-world limitations of the
organization. Thus, a job or group of jobs is more often re-designed than designed “from
scratch.” The ideas presented in this chapter can be applied either to the design of new
jobs or to the re-design or adjustment of existing jobs. Even minor changes in duty
assignments or schedules can have important effects, positive or negative, on job
performance. Such changes should be made with attention to human factors issues.

This chapter discusses specific issues to be considered in designing (or re-desiguing) jobs.
These issues include error, job characteristics and motivation, workload and work pacing,
work schedules, task allocation, optimal performance, and individual differences. Many
of these topics are discussed in detail in other chapters of this handbook, and in many
cases, specific guidelines may be found in the other chapters.
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TIMC EXPANSION AND JOB REOESIGN

A TMC example where Jobs may need to be redesigned was observed in one of the site visits
made duting the preparation of this handbook. A few years ago, two controllers, each responsible
for a geographic region, handled communications tasks along with the additional tasks of
monitoring cameras and ramp meters and setting variable message signs As the system
expanded and workload increased, it was decided that a separate information officer was needed
to handle dispatching and non-brl>adcast radio communications. At that time, the center was
staffed at peak hours by two controllers, one information officer, and a radio announcer, a radio
station employee who provided regular traffic information broadcasts. The system was expanding,
and the two controllers were Iikel!/ to be ovemorked as aclditirmal cameras and ramp meters were
brought on line. A resolution has not yet been enacted, yet one solution that is currently being
considered is adding a third controller position. This would require considerable redesign of the
physical facility, which now has two controller consoles, two banks of W monitors, all of the
infrastructure to support the Wo stations, and very little room for expansion. A second solution is
to add a supewisor/coordinator to the team during peak periods, and/or the re-design the
information oflcer’s job to include formal coordination duties. Situations like this one require that
changes in the design of jobs be given considerable thought, and be treated as systemchanges.

6.2 Job Design and Error Reduction

The principles discussed in Ck~apter4, Human Error, may be applied to job desi~ as
well as to overall system design. h fact, system design is often inseparable from job
design, since the design of human-machine systems also involves the determination of
other job characteristics that go beyond the assignment and scheduling of operator tasks,
the design of the interfaces ths~tdetermine and constrain job performance, and tl~e design
of the physical work environment. Especially important is the way in which multiple
duties and tasks are combined or integrated in the design of jobs.

6.2.1 Task Integration

Careful integration of tasks can prevent the inclusion of incompatible procedures or
conflicting cues across job tasks. Integration is especially important when a job involves
use of multiple subsystems designed by different teams. As noted in Chapter 2, the
system design process should be a planned movement from specific subsystems to tests of
the complete system.

The user-centered design process, described in earlier chapters, applies to job design, as
does the recommendation to use information from analyses of current jobs in the design
or redesign of new j ohs. Often, careful observation of persons at work can do more than
any other method to reveal sollrces and patterns of emors and suggest ideas for avoiding
such errors.
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6.2.2 Job Prototyping

PrototWing provides a “strawman” version of a job that can be used as the starting point
for iterative design of the final job. Experienced operators should be given an opportunity
to review and to “walk througti’ new duties and tasks similar to those they already
perfom, before the designs are finalized (see Section 2.2). They will often spot potential
problems that are evident only to those who have actually performed such jobs. Operators
are likely to notice conflicts among duties and tasks that may lead to high error
probabilities and to work overload.

The idea of prototWing is somewhat more difficult to apply to job design than to system
design, but the concept is worthwhile. Techniques such as interviews, questionnaires, and
“thinlcing aloud’ (Section 11.2.3) are used. In the case of a new TMC, for example, the
design team might use experienced operators from other sites as subject matter experts,
using their knowledge of analogous jobs to help form a prototype. If there is an existing
facility, experienced users can provide useful input for new or modified jobs by
comparing present duties to the revised mission of the upgraded TMC. This input may
require some speculation, but the resulting design will be a protot~e, not a finished
product. Subsequent design and evaluation iterations should identify the bad guesses.

6.2.3 Operator Participation in Job Design and Testing

The reduction of errors is a major objective of systematic job design. Poor job design can
be a significant source of human error. The guidelines in Chapter 4 (Section 4.5) for
minimizing errors in perfomrmce apply to job design as well as to system design. Carefil
attention to the design and integration of individual procedures and tasks can help to
avoid lapses caused by the need to divide attention among simultaneous tasks. Some
special guidelines apply to the design of jobs to minimize errors and their
consequences. (‘‘6)

6/1 Design and the Operator (Obsemation)

Involve operators in the design of jobs, tasks, and procedures.
Operator involvement is a fundamental element of user-centered design
(see Section 2.1 .3), and applies particularly to job design because the job
is specifically abouf the user.

In TMC’S visited during a requirements analysis, some of the most
creative ideas were associated with centers that used the experience,
opinions and recommendations of in-house personnel to assist design. In
these cases, a heightened sensitivity to human issues of job design, as
well as an active and ongoing attempt to identify and solve job-related
problems was evident. Operators’ contributions must be scrutinized,
however, for bias toward old, accepted methods,
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6/2 Prototype Tasks and Operator Testing (Observation)

After developing a Ipreliminay design, operators should work with
prototypes to help itest and refine the design.
As discussed in Chapters 2 and 3, this step is often ignored because of
delay and expense, and because many designers do not know how to
execute a user-centf?red design test. Many of the example problems and
failures presented as suppotiing materia! in this handbook could have
been averted had prototyping of tasks been accomplished during design
and development.

613 Prototype lnstri~ctions and Operator Testing (Observation~

Test all TMC instructions to ensure that operators understarld them.
Never presume that instructions will be understood or followed. To ensure
clatity andcompleteness, always test instructions on operators and revise
them to address ide~ltified shortcomings.

6/4 Errors and Operator Testing (Observation)-

Use operators to test user intetiace designs to ensure that i]~tuitive
actions will not lead to unrecoverable errors.
“Intuitive” actions that trap TMC operators fall into two categories: (a)
actions that seem logical because they match some internal “map” unique
to the operator, and (b) actions that fit the logic of similar or earlier tasks.
Computer users who buy a new word processing package, for e)(ample,
will invariably try to apply familiar conventions that guided use of the last
package. They only fall back on the new instructions when the familiar
approach fails to prc)duce the desired result. Of patitcular impotiance are
those actions that can cause serious complications in traffic control or
system function (sut:h as the scenario described in Chapter 11 in which a
key entry of <1> be{ginssetup, while an entryof<11> initiates system
shutdown).

6.3 Job Characteristics and Motivation Influence Job Design

Many industrial psychologists support the theory that workers are most highly motivated
and perform best when their jobs are designed to maximize a few key characteristics.
According to many researchers, highly motivating jobs have a common, identifiable set o:f
characteristics.
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615 Job Motivation (Recommendation)

Design jobs so that operators will be motivated to perform them well.
Provide skill variety, task identity, task significance, autonomy, and
feedback. ’56)

e Ski// variefy is the degree to which a job constitutes a variety of
different activities, involving the use of a number of different skills
and talents.

o Task identify is the degree to which the job requires the completion
of a whole and identifiable piece of work — that is, doing a job from
beginning to end with a visible outcome.

e Task significance is the degree to which the job has an impact on
the lives or work of other people, whether in the immediate
organization or in the external environment.

e Autonomy is the degree to which the job provides substantial
freedom, independence, and discretion to the individual in
scheduling the work and in determining the procedures to be used
in carrying it out.

o Feedback is the degree to which carrying out the work activities
required by the job results in individuals obtaining direct and clear
information about their performance.

Not all of these characteristics can be maximized in TMC ‘s. In vehicular traffic control,
just as in air traffic control or other proceduralized jobs, operators must follow
established procedures and guidelines and cannot be given as much autonomy as
workers in many other jobs. These desirable characteristics should, however, be
emphasized wherever possible in the allocation of tasks to jobs. For example, where
possible, an individual job should be designed so the employee finishes what he or she
starts and sees the results.

6.4 WorNoad and Work Pacing Influence Job Design

Traffic management centers operate under conditions of widely va~ing workloads, with
rush hour and event-related peaks separated by periods of little activity. Designing jobs
and staffing schedules to cope with these variations is a challenge. A few basic principles
can help to ensure that performance does not decrease and employees are not burned out
by the work pace.
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6.4.1 WorMoad Optimization

Jobs involving supervisory control of automated systems are often described as “hours of
intolerable boredom punctuate(i by a few minutes of pure hell. ” (1231This description has
been applied to the jobs of commercial airline pilots, nuclear power plant operators, and
other command/control positions. These are jobs where many of the normal functions are
automated, and the human operator has two important functions, First, he or she monitors
the automated operations of the system, perhaps fine tuning them from time to time —
the “boredom” component. Second, when the system malfunctions, he or she must
diagnose and correct the malfunction, often under severe time constraints and with the
threat of serious consequences if the malfunction is not corrected — the “pure heir’
component.

Superviso~ control jobs require the operator to maintain up-to-date knowledge of the
status of many system parameters, even though he or she may not be involved in
controlling those parameters most of the time. The danger is that the operator will lose
touch with the system and be unable to respond appropriately in an emergency. ‘Visits to
traffic management centers made during preparation of the handbook suggest that many
of these issues surrounding supervisory control jobs maybe relevant in the TMC,
especially during off-peak periods when operators may become mentally detached from
indicators of system performance. As more automated support systems appear in the
TMC, maintaining operator awareness will become more challenging.

Good job design can be a factor in improving performance in such circumstances. When
allocating finctions between the human operator and automated systems, designers
should sometimes (e.g., during night shifts or other low-workload periods) specify more
operator involvement than the technology requires, so that the operator will remain
engaged and attentive to system operations. Requiring periodic checking and logging of
system status is one option, although if the work is not meaningful and is clearl]r “busy
work,” it will not engage the operator. Operators may be given discretionary power to fine
tune or even override automated controls, although such discretion requires clearly
understood and well-enforced iimits.

6/6 Operator Awareness of System Operation (Observation)

Design jobs so that operators are required to maintain contact with
their system.
This may be possible only by forcing the operator to a higher region in the
continuum of operator roles than the technology demands (see Section
2.2.3 and Figure 2-4). Such a decision may seem on the surface to be
technics//y inefficient. What the design team must consider is the value of
having the human functioning actively in the loop duting emergency
situations versus the operating efficiency of high automation during
routine oeriods.



DIFFERENCES IN SWLE

An example of the issues involved in discretionary overrides of automated controls was observed
in an operating TMC. In this center the ramp metefing function is automated, with algorithms
controlling the meters in response to time of day and tratic movement parameters. Operators can
override the automated setings if they determine that the settings are not optimal. The system
now has a problem with lack of uniformity across operators. Some operators seldom override the
automated settings, while others intewene regularly, each with his or her own “style,” varying in
the restrictiveness of the metering. The system managers are currently considering how to deal
with this issue.

Some general workload and work pacing issues to consider in job design include overall
workload, peak loading, and the pacing of work. Tile following paragraphs suggest some
ways of dealing with these in the design of systems and jobs. Additional material on task
allocation is presented in Section 6,6.

Using tools and techniques described in Section 2.2.4 and 2.2.6, examine the overall
workload implied by the demands of the job protot~e and the operational scenarios for
the TMC (Section 2.2.1). The following guidelines apply:

6/7 Workload Level (Recommendation; 123)

The overall workload should be high enough to keep the operator
busy and engaged, but not high enough to induce severe stress or to
subject the operator to frequent simultaneous task requirements.
Research results (see reference 123) suggest that as workload increases
beyond what is easily handled, operator error and stress levels increase.
Consequently, periods of extremely high workload should be minimized,

Section 6,6.1 includes possible techniques for identifying workload level. Operational
sequence diagrams, prototyping, work profiles, and other methods are discussed in
Chapters 2 and 3, Consider this guideline along with Guideline 6/6 in plmning optimum
workload.

As emphasized in Chapter 2, user-centered design must view the operation of the total
system. Since jobs do not develop fully until late in the process of system design, and are
influenced by a variety of factors, integrated design is essential.
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6/% Competing Tasks (Observation)

Integrate system an(i job design of systems as a means of
preventing tasks from competing for the operator’s attention.
Piecemeal design (and thus piecemeal assignment of corresponding

tasks assigned to the operator), will often inadvertently cause perir)ds of
overload. Where incremental design cannot be avoided, prototyping of the
new tasks in the real \Nork environment can help to alert designers to the
potential for conflicts :and overloads.

6/9 Peak Load and Task Distribution (Observation)

Design work and training scenarios such that tasks can be re-
assigned during pe:~k load.
Obviously, task reassignment does not work if all operators tend to be
overloaded at the sanne time, but often one operator can take on some of
another’s tasks to relieve a short-term overload. The feasibility of task
reassignment should be considered when systems and jobs are being
designed.

Since TMC workload can vary not only within a single day, but during special conditions
— for example, late afternoon before a “long” weekend, major sports and cultural events,
extreme weather conditions, and disaster evacuations — there should be provision in
design for additional staff. This variable staffing will usually be a short-term measure.

6/1 0 Variable Stating (Observation)

Consider variable silaffing, with more operators worMng duri!lg Qeak
or other demanding periods, as a rnea[ls of reducing workload.
This method is frequc?ntlyused in existing TMC’S, as is the use of “on-call”
workers. One center assigned only one operator to monitor operations
during off-peak hours. If an incident occurred during those hours, creating
a work overload, other workers left their routine tasks and assisted in the
control room.

6.4.2 Work Pacing

The pacing of work is an aspect of job and system design that may have some application
to the TMC environment. The major consideration here is whether the pace of the work is
set by the worker, “self-paced,”” or by the technology, “system-paced.” The typical
assembly iine job is an example of system pacing. The work pieces are delivered to the
worker at a system-determined. rate, and he or she must work at the system’s pace.
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TWically, workers express dissatisfaction with machine pacing of their work, but
research findings are not clear on whether self pacing or system pacing leads to better
Performance. (1~~)Generally, sYstem pacing should be avoided, if possible, if only to avOid

the negative effects on worker motivation or satisfaction. Clearly, some tasks must be
perfomed at regular intervals (e.g., traffic reports every ten minutes during rush hour),
and, where this is understood to be essential to job completion, workers are typically
willing to comply.

6.5 Shift Scheduling

Studies have investigated the effects of various work schedules on worker performance
,and well-being. Most of this research has concentrated on the effects of working shifts
other than normal daytime hours, and is covered in Chapter 5 on constraints to work
performance. The scheduling of shift coverage maybe considered a part of job design.

Most TMC services are needed from the beginning of morning rush hour (5:30 to 6:00
AM) to the end of evening rush hour (6:30 – 7:00 PM), although some centers are staffed
24 hours per day. Typically, the workday is too long to be covered by a single team of
operators, but it may not require two full 8-hour shifts. Schedule requirements can be
satisfied in a number of ways, including overlapping shifts, and assignment of other
duties to fill the shift time not spent as an operator. College students, for example, can
serve as an excellent resource for augmenting the TMC team because their schedules are
often flexible enough to allow them to sandwich their cIasses between two short, rush-
hour shifts in the TMC, Any of these approaches maybe effective, if the basic guidelines
given in Chapter 5 are followed.

Assigning workers permanently to night shift work is not recommended, but rotating
shifts can be difficult as well, especially if careful scheduling is ignored. The following
guidelines are suggested for scheduling rotating shifts.

6/1 1 Forward Shift Rotation (Recommendation)

Shift rotation should always be in a fomard direction.
A “forward direction” is, for example, from day to evening to overnight.
People adapt more easily to a /onger than normal day than to a shorter
one,
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6/$2 Sudden Shift Rotations (Observation)

Avoid quick changeovers between shifts (with less than a normal
interval between successive workdays) for any worker.
Sudden shifts can cause temporary disorientation as the circadian cycle
catches up. For example, a change in shift assignment from day to
overnight should allow a full day of adaptation time between the old and
new schedules.

6/1 3 Preferences for Shitis (Observation)

Where possible, individual workers’ preferences for early or Ialte day
shifts should be acc(~mmodated.
The differences between “morning people” and “night people” are real,
and workers are most effective when they are working in harmony with
their own internal rhyttlms.

A seemingly minor issue, but one which can have serious implications if not considered,
is the need to allow for sufficier~t overlap between outgoing and incoming shifts. A 30
minute overlap ensures that the new shift has time to be briefed on system status and to
receive information from the outgoing team

6/14 Shift Turnover Timing (Observation)

Shift turnover shoulIi be scheduled for periods of lower workload.
This allows time for tr:ansfer of information between incoming and
outgoing shifts.

6.6 Task Allocation Influenc(>s Job Design

Tile allocation of operator tasks to individual positions or teams is a job design issue. The
authors’ observations of existin{~ TMC’s showed that the allocation of taslcs to team
members appears to be based on habits that groups develop on their own, although some
specialization was observed (e.g., dedicated radio communicators). h this section, three
major questions are addressed:

0 How are the normal tasks assigned to jobs or positions (default allocation)?
e How are peak load tasks assigned (dynamic allocation)?
@ How should taslcs be apportioned within teams (shared allocation)?
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6.6.1 Default Task Allocation

The most basic question in the design of any job is “what tasks should be assigned to this
position?” Some of the principles to be considered in answering this question have
already been discussed in Chapters 2 and 3, and the desirable overall characteristics of a
job have been listed. The system analytic approach first identifies those functions which
the system must perform and then decomposes these functions into tasks. The tasks are
allocated to human and machine components of the system or, more frequently as
information system interfaces evolve, to a combination of human and machine
components. The output of this process includes a list of tasks the operators must
perform, either alone or in concert with the system, and detailed task requirement
information. This information may include: the knowledge, the skills, and the abilities
required to perform the tasks; the timing a;zd thefrequency of each task; the link that
define the relationships between taslcs; the cha},acteristics qfthe interface required for
task performance; and the in~ormationf20w between the operator and the automated
system for each task.

The job designer (often an engineer) must then use this information, along with
information about available human resources and the constraints applicable to task
assignment, to determine who will perform which task(s) on a regular basis. This decision
process is required not only for the addition of new tasks (when systems are changed), but
also for the original tasks. The following guidelines should be considered (in addition to
those in Section 6.3) in making such decisions.

6/1 5 Operator Workload Capacity (Obsemation)

The total and peak workloads for any one operator should not
exceed the operators’ capabilities.
If peak workloads are expected to require assistance, then design of the
job of the person expected to assist should include relief tasking,

6/1 6 Tasks Distribution Over Time (Observation)

Distribute tasks over time as evenly as possible.
In a TMC, task pace is largely dependent on the demands of the traffic
system. Design of individual tasks can worsen difficult situations,
especially when performed concurrently with other tasks. In iterative tests
and evaluations, designers should identify scenarios that are vulnerable to
overload and then reduce that overload to manageable levels.
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6/1 7 Task Distribution Among Operators (Observation)

Assign multiple operators those tasks that require conflicting
actions or simultanel~us attention to several information sources.
Such problems may not be evident without prototyping and evaluation
under realistic conditions.

Figure 6-1 shows the output of a time-line analysis for multiple tasks under consideration
for assignment to a single operator, showing the distribution across time of the defined
group of tasks. This generic example shows a convenient method for predicting operator
overload. The list of tasks represents a word module composed of 10 tasks. Note the
periods of heavy activity, particularly in the first ten minutes. Such an analysis calmreveal
where task overloads are likely to occur and can help prevent the designer from allocating
conflicting taslcs or overloading a single operator. If such information is not available
from a task analysis, a designer should generate it before performing the allocation of
tasks to individuals. Sources of information can include data from similar taslcs currently
beinz uerformed. estimates from ouerators, and estimates from svstem designers. Chauter
3 pr;;ides info~ation on generating such’task analytic informa;on, along;ith
references for appropriate methc}ds which maybe used.

E 5 ;“’253035 4045

~j Manipulation of control

Ii Manual recording of data

~ Usual observation

[1 Decisi.”

Figure 6-1. Sample time fine analysis (after Woodson, Tillman & Ttillman,
1992).
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6.6.2 Dynamic Task Allocation

When more than one operator is on duty in a facility, a d~amic task allocation is often

appropriate, where the existing conditions detemine who does a particular task at a
particular time. Operator A may routinely perform task A while performing other tasks,
but when he or she is overloaded, Operator B may take responsibility for that task. The
following guidelines, in addition to all those for normal workload allocation, are
appropriate.

6/1 8 Operator Availability (Observation)

Ensure availability of additional operators for task transfer when
operator workload becomes excessive,
Analyze task requirements for all operators to project their workloads.

6/1 9 Task Transfer and Task Shedding (Observation)

Provide rules or guidelines governing the transfer and shedding of
tasks.
With these rules each operator’s responsibilities are clearly defined, all
tasks are assigned, and priorities for task transfer among operators and
task shedding are established. Task shedding refers to allowing some low
priority tasks to remain undone under defined circumstances.

6/20 Task Transfer and Operator Workstations (Recommendation)

Ensure that the system hardware and interface support the transfer of
tasks between operators.
If Operator B must take over Operator Ns task under overload conditions
and use Operator Rs equipment to perform the task, problems are likely to
occur if the equipment is different, An appropriate approach is to
standardize the capabilities and user interfaces across all operator
stations.

6/21 Cross Training (Observation)

Include cross training of tasks in training plans such that a task may
be petiormed by different operators under different conditions.
An operator whose primary duty is managing the CMS system may also
need to be available for verifying and managing incidents.
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Basedon TMC surveys, three ‘basic schemes were identified for division of the llasks
among operators. Perhaps the ]most common was division by~unctjon – one operator
might be responsible for identifying and verifying all incidents within the area assigned to
the TMC while another was responsible for communication responses to the incidents. A
second scheme was by geography – each operator was responsible for all traffic
management functions in a sp(~cific area of the city. In the third and least common
scheme, there was no division of labor. Operators sought and addressed traffic
management problems in the metropolitan area without regard to their location or nature.

Research has examined the differences between functional and geographic task
assignments. While differences were minor, they tended to favor functional tasking. Thus,
specializing in specific TMC tasks, operators responded more quickly, produced higher
quality responses, and avoideci more incident-related congestion.

Functional teams have one disadvantage that needs to be addressed in TMC design.
Significantly more communication and coordination between team members is needed
because, for examp!e, the teanmmember finding and verifying the incident must
communicate a detailed incident report to the team member conducting the incident
response. Means of facilitating this communication by voice, computer, or gesture should
be taken into account in TMC job design and procedures (see Guideline 6/23).

6.6.3 Shared Task Allocation

The design of teams, team tasks, and team traiuing has received much attention,
especially in the military and the aerospace industry. (J11)Most likely, the majority of

TMC operator tasks are best performed by single operators, but certain tasks lend
themselves to team work. In general, tasks requiring (l) simultaneous gathering, transfer
or processing of information (monitoring and reporting on system parameters); (2) the
following of complex procedures while observing system feedback (troubleshooting); ancl
(3) problem-solving activities may be best performed by two or more persons. They
should be designed as team t~~sks.

One advantage of team task performance is that the specialized skills and knowledge of
each team member can contribute to the performance of a task that would be difficult for
any single individual. Many ~[spects of the design and management of team work,
including personnel selection, training, and commu~lications, are not discussed here. The
following guidelines concentrate on the design of team jobs and tasks. The guidelines
assume the availability of human resources, and that appropriate human resource and
operational management actions will be taken.



6/22 Support Team Communications (Observation)

Provide technology and design that supports all required team
communications.
Facilitate team communications by implementing workspace design
principles, This includes both formal verbal and electronic communication
and informal gestures and body language. Principles of workspace design
are covered in Cha~ter 10.

6/23 Formal Task Assignments (Observation)

Develop team procedures that (f) clearly assign responsibilities to
particular team members or that (2) clearly state that any team
member may perform given steps or tasks.
Take advantage of the specialized sKIIs and training of each team member
in assigning these responsibilities,

6/24 Team Procedure Testing (Obsewation)

Test prototype team tasks and procedures before using them.
This approach will ensure that team taskslprocedures are feasible and are
supported by the technology. In addition, it will ensure that time estimates
are realistic.

6.7 Design for Best Operator Performance

As noted earlier, jobs and technology should not be designed separately, but rather should
be treated as aspects of an overall operational system. Many of the human factors issues
discussed elsewhere in this volume with reference to the design of technological systems
and interfaces are also relevant to the design of jobs. The Widelines given serve as
reminders of those factors that can influence the speed rmd accuracy of performance and
the attitude and well-being of the operator. They are intended to remind the design team
that many features grouped under other chapters influence job design.

6/25 Task Transition Time (Observation)

Minimize the transition time between related sequential tasks.
Task analysis data and link analysis are useful workstation design tools
for reducing idle time and transition times between tasks.
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6/26 Workstation Flexibility (Obsewation)

Design control, display, and work area layouts to support the range
of tasks an operator will perform.
The optimal layout for a single function may not be the best for the job as
a whole.

6127 Consistent Information Presentation (Obsewation)

Select information presentation and coding techniques to sur)port
the range of tasks t~le operator will perform.
Ensure that coding, nomenclature, and presentation style are consistent
across tasks to the greatest extent possible.
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CHAPTER 7: ANTHROPOMETRY AND DESIGN
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7.1 The Dimensions of People

People come in a broad range of sizes, shapes, strengths and agilities. It is a challenge for
the designer to be sure that tie TMC workstations md jobs are designed to physically
“fit” the entire staff of operators. h order to ensure tIlat TMC operators can see all of
their displays and monitors, reach all of their controls and keyboards, and still maintain a
safe and comfortable posture, designers must take the operators’ physical dimensions into
account.

The science of anthropomet~ measures and documents the physical dimensions of
humans - both static measures such as height and d~amic measures such as strength
and applies them in the desi~[ of humtimachine systems. A full understanding of
anthropometry blends knowledge of a range of topics in physiology, biophysics, and
biomechanics.

The samples of data and guidtdines in this chapter were selected for their pertinence to
‘TMC human factors design. They form the basis of design guidelines in Chapters 8,9, 10
and 11 that arespecifically relatedt ocontrolr oomdesigu.

In addition, other topics — such as standards for lifting tasks — reflect the realities of the
workplace. Operators whonclrmally occupy TMCwork stations may be requiredon
occasion to perform physically demanding work (for example, unloading a fresh box of
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printer paper or a computer monitor). The first sections of this chapter concerning
structural anthropometry (the size of human bodies) contain only reference information.
Specific guidelines based on anthropometry are grouped under their respective design
topics in later chapters. This chapter maybe used to provide human dimension data for
specific design tasl<s. The final section on strength and movement include guidelines on
strength and functional anthropomet~.

7.2 The Principles of Anthropometry

Anthropometry is literally translated as measurement qfhumans. As with all design
sciences that involve measurement of physical properties, there are accepted, standardized
techniques concerning who to measure, what to measure, and how to measure it. These
issues are addressed in the following sections. Understanding the principles of
anthropomet~ can forestall employee health problems, lost worlc time, and even
litigation.

7.2.1 The target population

Dimensions of the human body vary widely, Sources of this variation include gender,
nationality, and other predictable factors. Males are t~ically taller than females. Northern
Europeans are typically taller than east Asians. Individuals in some jobs may tend to be
larger or smaller than those in other jobs. But, even within a single defined group, there is
significant variability. Figure 7-1 shows the distributions of standing height for American
females and males.

FREQ.
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Figure 7-1. Stature distributions for American females and males.
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The stature of American males ranges between approximately 155 cm and 193 cm(61 in
and 76 in). This 95’hpercentile range does not include extremely tall or short individuals.
The mean stature of American women is approximately 13 cm. (5 in] less, and mnges
from 142 cm to 180 cm (56 to 71 in).

Figure 7-2 illustrates the size contrast between a large American male, 191 cm (75 in),
and a small American female 1.42cm (56 in). These figures represent individuals who are
three standard deviations taller or shorter than the means of their respective groups.
Figure 7-3 shows mean differences in stature for young males in five countries.

—

HEIGHT
ABOVE
FLOOR

Figure 7-2. Large American male with small American female.

It is important to recognize tkit when we identify a population with restricted
membership criteria, statistics on the size of the populations may differ from th: norms of
the broader populations. It shc,uld also be recognized that this difference may have design
implications. A population of professional basketball players, for example, will be
substantially larger than a population of jockeys. Shower fixtures in National Basketball
Association locker rooms may be installed somewhat higher than in the jockeys’ locker
rooms.

When we specify the height of work surfaces, the height of chair seats, the reach distance
and reach angle to controls, arid the height of console tops, we might prefer to pick
dimensions that would accommodate the entire normal range of humanity (from the
smallest Asian female to the ti~llest Scandinavian male). This is not a practical {~oal,
because the compromises nec:ssary would usually result in an unwieldy design. h
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general, human factors engineers will make a diligent effort to identify and accommodate
the largest possible fraction of the expected users, the target population.

VIET CE GERMANY NOI

Figure 7-3. Mean heights of young males in five countries.

What target population must the TMC designer seek to fit? Since TMC operations
exercise the abilities of the mind much more than those of the body, there appears to be
no need to recruit individuals who are taller, shorter, longer-legged, or Ionger-amed than
usual. If selection criteria for employment at a TMC will not be constrained by size, the
design of the TMC must accommodate a target population representing the full range of
American workers.

Variation is large within the selected target population, and there are extremes that may
not be practically accommodated through the normal design process. Exceptionally tall,
short, or obese operators maybe handled by exception (that is, by making modifications
to accommodate a rare employee who is at the upper or lower end of the range). The rule
of thumb that is used to determine the design dimensions is to design the system to fit
minimum and maximum body dimension that range from the 5’”percentile to the 95’k
percentile of the target population.

Thus, by design and adjustability we t~ to accommodate the middle ninety percent of
people. But on what dimensions? Height? Weight? Reach distance? This is not a trivial
question. There are many commonly used anthropometric measures (we will examine
only those that have the most applicability to the TMC). These anthropometric
dimensions are not as strongly correlated with each other, as would be liked from a design
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standpoint. A person who is average on one measure (e.g., standing height) may ‘bewell
outside of the 5 to 95 percentile range on another parameter (e.g., arm length).

Thus, determining size guidelines is complicated, and designers often end up ignoring
antl]ropornetric data and makill:q tile decislollto just allow fors vew wide range of
physical dimensions. This can be done by selecting adjustable tools and furniture, by
providing a range of sizes, or b:y selecting a “one-size-f its-al~’ design to which outliers
must adapt.

Design aids are available to help the designer fit the workstation to the operator. Scale
model, two-dimensional humar~ manikins representing different body sizes have been
used to check workstation designs. Many computer-aided design (CAD) tools nc}w
provide a similar capability incorporated in their software.

7.2.2 Structural anthropometry

The science of anthropometry, like any other field, has its own conventions and
vocabulary, Structural (or static) anthropometry is the measure of body dimensions in a
series of standard fixed postures. Included in this section are commonly used measures
and data for US adults. Both the Society of Automotive Engineers (SAE) and th:
National Aeronautics and Space Administration (NASA) have published anthropometric
data bases that are widely used for design. Not all pertinent dimensions are included in
both data bases so the numbers presented here are a combination of the two.

In Chapter 10, guidelines will be provided for the design of operator workstations. The
commonly used measures described in this chapter provide the foundation for many of
the conventions and guidelines in Chapter 10.

Standing measures. The following measures apply to standing workers

e StanKlng height. This is a measure that is sometimes used for screening
candidates for special j ohs. It is critical for rn.nimum head clearances. hr TMC ‘s,
it might be used in design of access to electrical cabinets or other areas where
entry is not frequent md where standard doors and passages are impractical.
(Figure 7-4)
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STANDING HEIGHT (STATURE)

Standing height is the primay indicator by which one selects
general test subjects to evaluate various designs when there is no
specific aspect of the design pertaining to an individual body
component. The dimension is petinent for adjusting head
clearances.

~

Figure 7-4. Standing height.

Eye height. h the TMC, providing an unobstructed view of critical displays is
important. Since views may be blocked from certain points of observation by
equipment racks, partitions, or other obscurations, line-of-sight information is
vital. (Figure 7-5)

EYE HEIGHT (STANDING)

This dimension is pertinent to the location of tisual displays and/or
the sizing of visual obstru~ons, where a small person may have to
see over the obstruction or over someone who is taller. When
people stand normally ~,e., with some slump), their eye height
lowers by about 1,6 in (4.1 cm) for males and by about 1.2 in (3,0
cm) for females.

~

Figure 7-5. Standing eye height.
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@ Forward reach. Adjustment of controls on standing-height consoles, particularly
where worlcers must reach forward (e.g., over worl< surfaces), requires
consideration of forward reach, (Figure 7-6)

r I:ORWARD R~CH (STANDING)

.rhis dimension is perfirre!lt to evaluating reach condtia,ns
within the design situation. This dimension should be
used in conjuntiion with leg-reach dimensions when the
[~esignsituation calls for a seated operator to operate both
t~andand foot controls.

L ~1

Figure 7-6. Standing forward reach.

~ Overhead reach. If controls or maintenance access are overhead, this measure is
critical. Woodson and associates (1992) suggest that its use should also t&e
operators’ stature into consideration since overhead arrangement that fits a shorter
person may create awl<wardness for taller people. “2s) (Figure 7-7)

OVERHE~\DREACH (STANDING)

This dimension is pertinent to locating controls that are overhead.
It ehould h}eused in conjunction with stature because, although a
short perst~nmust be able to reach a control, it should not be so IIOW
that it becomes an obstruction for the taller pereorr. Use this
dimension for evaluating the accessibih~ of objeets on Mgh
shalves.

Percentile

5th 50th esth

Adults
Males,

. EsCtmatecj
S2.0 in.

Femdese
8S.0 in.

73.0 in.
94.0 in.

79.0 in. 86,0 in. I

Figure 7-7. Standing overhead reach.
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e Maximum body width. This dimension might be considered critical in the TMC
for passage of p~rsonnel through narrow spaces (e.g., clearance between console
and wall). (Figure 7-8)

MMIMUM BODY WIDTH

As indicated by the lack of data below, this measurement is
seldom taken during ~pical anthropometric surveys.
However, it is petinent to lateral clearance requirements in
design work. [t would be useful, for instance, to evaluate
lateral cortidor clearance.

Percentile

5ih Wh 95th

Adult%
Malese t8.8 in. 20.e in. 22.8 in,
Females*

* Corn Mnsd Air Force pemonnelmd COIIege students.

Figure 7-8. Maximum body width.

Sitting measures. A number of anthropometric measures are related to the operators’
requirements to worl< in a safe and comfortable posture while seated. Most TMC
workstations are designed for seated operation, althou~, in reality, they are used from
both standing and seated positions. The following measures are commonly used in the
design of seated workstations.

@ Sitting height. This measure is critical to a variety of functions, particularly with
respect to seating and control placement, described in Chapter 10. (Figure 7-9)

Sl~lNG HEIGHT
This dimension is pertinent to the establishment of proper

overhead clearances for seated persons.

Percentile

5th 5~h 95th

Adults

A
Males 33.2 in. 35.7 in.
Females 30.9 in,

3S.0 in.
33.4 in. 35.7 in.

Figure 7-9. Sitting height.
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Sitting eye height. This measure is impoflant for TMC’S because it affects the
placement of video displays at work stations; detailed discussion is found in
Chapters 9 and 11. (Figure 7- 10)

EYE tiEIGHT (Sl~[NG)

4,

Thisclimensionis petinentto the design of work stations in
which visual displays and/or outside viewing requires
accommodation of a range of operator sizes. When people sit
normally (with some slump), their eye height lowers by about
1.2 in (3,0 cm) for males and by about 1.2 in (3.0 cm).

Percentile
5th 50th e5th

Adults
L Males 2S.7 in. 31.3 in, 33.5 in.

Females 27,4 in. 29.3 in. 3f.0 in.

Figure 7-10. Sitting eye height.

Buttock-to-popliteal length. The popliteal is the point at the back of the leg
where the knee bends. Buttoclc-to-popliteal is the dimension that defines the seat
pan depth of chairs. Because of the requirement for fatigue-free posture and
accommodation of a wide range of body size, this and similar measures are
essential to the design (If seating. Further discussion is found in Chapter 10.
(Figure 7-1 1)

k
BU~OCK-TO–POPLIT=L LENGTH

This dimension is petinent to seat length. Although it is
desimble to provide adequate supped for the larger person, it
isthesho~er person who will have themost problems if this
dimension is ignored.

L
~

Figure 7-11. Buttock to popliteal length.

Midshoulder height @itting). This is essentially the h,eight of the shoulder above
the chair. This measure and forward reach are essential to the placement of
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controls, including communication devices, display adjustments, camera remote
controls and other key elements of TMC work station design. (Figure 7-12)

%

MIDSHQULDERHEIGHT(Sl~lNG)
Thisdimension is petinent to the location of controls fi.e., most
controls should not be located above the shoulder).

Figure 7-12. Sitting mid-shoulder height.

Buttock-to-knee length. While buttock-to-popliteal length defines the limits of
seat depth, this measure allows for accommodation of knee clearance at work
stations (See Chapter 10 for specific design guidelines). (Figure 7-13)

BU~OCK-TO-KNEE LENGTH

k

This dimension is petinent to e~abfishing under-console knee
clearance for the seated operator. It should be used in
conjunction with knee-height and thigh-clearance
dimensions,

L
~

Figure 7-13. Buttock to knee length.

Popliteal height (sitting). This is the heightof the back of the knee above the
floor. Seat height must readjustable toallow forpopulation variance in this
dimension (See Chapter 10 for specific design guidelines). (Figure 7- 14)
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POPLITFAL HEIGHT (Si~lNG)
Thisdim(?nsionispeflinentto the establishment of appropriate

seat heights, need for foot rests. and position of foot controls.

Figu:re 7-14. Sitting popliteal height.

Knee height (sitting). .Along with bip breadth and buttock-to-knee length, knee
height allows specification of knee clearance (for clearance envelope in design of
work stations, see Chapter 10). (Figure 7-1 5)

KIJEEHEIGHT (SITTING)
This dimensionis peflinent to the establishmentof
under-consoleknee cfearance. It should be used in
con~unction with buttock-to-knee length and
thigh-clearance dimensions.

Fig:ure 7-15. Sitting knee height.

Elbow rest height. This dimension is critical to specification of seating
adjustment since work surface heights are generally fixed. (Figure 7-1 6)



e

ELBOWREST HEIGHT

k

Not only is this dimension petinent to the establishment of
armrest heights, but it also provides a basis for establishing
the level of a writing surface and/or the approximate
position of the middle row of a keyboard, the location of a
joy-stick handle or control wheel, etc.

‘~

Figure 7-16. Elbow rest height.

Shoulder breadth. Side-by-side seating space and lateral clearance in
passageways, that for some operational reason cannot be built to the more
spacious andcomfortable widths specified in Chapter 10, arederived from this
measure. (Figure 7-17)

SHOULDERBRUDTH
Ths dimension is petinent to the estabhshment of Iaterd
clearance between personswhomayberequiredtosit side
by side andtothe establishment of the lateral clearance
requirement for a worker who may have to squeeze into a
tight space to work on an item of equipment.

Percentile

5th 50th 951h

Adults
Males
Females

16.4 i”, 17.9 in.
14.4 i“,

19.6 in,
15.7 in. 17.6 in,

Figure 7-17. Shoulder breadth.

AnthroDometrv ofuersons in wheelchairs. Several TMC’shave reuorteduositive. . . . .
experience with operators who use wheelchairs. The TMC design should be planned from
the outset to accommodate such workers. Consoles/deslcs should be designed to
accommodate a standard wheelchair. Limitation sinthereac henvelope so fwheelchair-
bound operators should also be taken into account in control placement. The following
measures are provided to allow design consideration for handicapped employees as may
be mandated under the Americans with Disabilities Act. (Figure 7-18)
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FOR\MARD RESEACH LIMITS (ADULTS)

&

3

%0.

40

24

INCHES INCHES

E~

40 40

INCHES INCHES

a;:,? 431661*

TEST POPULATION FOR WHEELCHAIR REACH OATA

5TH 95TH 5TH 95TH
MALE WTILE MEAN O/OTILE SD FEMALE ‘hTILE MEAN WTILE SD

FLOOR TO VERTEX 49,4 52.4 55.7 Q FLOOR TO VERTEX 46.9 & 53.8 2.1
44.7 48,? 51.5 2.4 42.7 46.4 50.4 2,2
3s.4 40.8 43.2 1.5 35.4 39.3 42.2 1.8
24.9 27.3 29.7 1.5 23.2 26.7 30.2 2.1
23.3 25.4 27.5 ?.3 22.8 24.7 26.6 1.2
?4.3 16,8 19.3 4.5 13.5 15.1 16.7 1.0

1
3.7 5.t 6.5 0.9 2,6 4.< 5.6 0.9

15.7 37.3 18.9 1.0 44.4 16.2 T8.0 ?.1
34.7 32,1

—

FLOOR TO EYE
FLOOR TO SHOULD:R
FLOOR TO ELBOWS
FLOOR TO THIGH
SHOULDER WlOTH
HIP WIDTH
TOE PROJECTION
LOWER LEG LENGTH
AGE IN YEARS

Figure 7-18. Fomard reach limits of adults in wheelchairs.
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The standard reach envelope. Particularly pertinent to TMC design is the standard
reach envelope, a series of measures designed to allow good placement of controls and
displays relative to a seated operator. These measures will be of great importance in the
design of TMC work stations.

Figures 7-19 and 7-20 show standard reach envelopes of seated and standing “average”
operators. All frequently touched items (knobs, instruments, pushbuttons, keyboards,
touchscreens, etc.) should be positioned within these reach envelopes.

7.3 Strength and Functional Anthropometry

This section provides a grounding in the biophysics of the application of force by the
human body which, combined with data from the section on structural anthropometry,
will help designers apply human measure in a dynamic setting, We have limited our
discussions to those topics and measures that have relevance to a control room
environmen~ but we include within that catego~ the normal lifting, pulling, and other
displacements common to any work place.

7.3.1 Strength and force Imitations

Muscle force is composed of the following factors: ‘]Z5)

@ Muscle tension. Muscle tensiondecrease5 as the muscle shofien5 and as its
rate of shortening increases; it is at its maximum when the length of the
muscle is greatest.

@ Mechanical advantage. Muscles can apply force best when links are properly
positioned; this almost never occurs for any complex action, because most
muscles are obliged to operate at some mechanical disadvantage. “Curling” a
barbell (lifting the weight up with upper arms parallel to the trunk) is
relatively advantageous. Lifting the same weight with the arms extended
parallel to the floor is not advantageous,
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/ ‘iT - Centerline, 8-22 cm (3-9 in.) right

— 36 cm [15 in.) tcIright of centerline
— 52 cm (21 in.) la rightof centerline

Figure 7-19. IReach envelope of average seated operator.

Age and gender. Males and females have different mean strengths (adult females
are approximately two-thirds as strong as adult males — though we should bear in
mind that these are mtzan values, and variance is high, which means that some
adult females will have more strength than some adult males). Both terld to build
strength to a maximum between ages 30 and 40, with a decline to about 75
percent of maximum strength at age 65.

Body build. In general, persons with larger and more muscular body builds have
more strength. However, more slender persons may have more efficient oxygen
consumption for a given taslc and may perform better at rapidly fatiguing taslcs
involving strenuous exercise.
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I ----- Centerline, 15 cm (6 in.) to right
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- -

Figure 7-20. Reach envelope of average standing operator.

The thermal environment. Heat may have a tendency to decrease strength
(particularly in not and Ilumid conditions); however, general body mobility and
finger dexterity are not significantly affected.

Emotional condition. Strength may increase under conditions of fear or distress;
however, skill and accmacy maybe degraded. h emergency conditions, for
example, an operator may tend to press the wrong control buttons or enter
erroneous keyboard data.
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o BOd~ position. Humans will generally assume an advantageous Posture for

applying force (lifting, pushing, etc.) when they are unconstrained. A control room
environment will not, however, be unconstrained. Operators may pass o’bjects

across obstructing wotik surfaces, pick up heavy objects while they are seated
(which leads to frequent muscle strain), or perform other actions that may cause
fatigue or strain

e Limb position. Based on the principles of mechanical and vantage and the

application of concentric and eccentric force, individuals will try to app],yforce in
a mechanically advantiigeousway. This effort is hampered by poor design (e.g.,
crates and boxes without hand grips that must be carried in an awkward way,
heavy equipment from a control rack that must be suppofied while being pulled
out for maintenance].

7.3.2 Lifting

Most applications of significant strength in the TMC environment will involve lifting and
carrying tasks. Important considerations include: (‘qs)

e The location (accessibility) of tie object to be lifted.

@ The size and shape of the object.

e The height from antior to which the object is to be Iifted.

e The weight and weight distribution of the object.

e The relation between the object’s center of gravity and grasp points.

e Whether the object is lifted by handles.

e Working-position characteristics (e.g., awkward or normal).

e Manipulator accurac!( requirements.

e Frequency and duration of lifting and carrying movements.

o Age, gender, fitness, and body dimensions of persons doing tie lifilng.

. Experience and trainirlg of persons doing the lifting.
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DESIGN ANDPRECAUTIONS

Possibly the least efficient load in the modern information processing arsenal is the boxed /arge

computer monitor. Components of information systems are packaged for ease of storage and

shipment, not for ergonomic acceptability. Such containers are often oversized and without handy

grasping points. The usual way of carrying such a load involves grasping the far edges, with the

near side pressed against the abdomen. This method places undesirable strain all at orrce on the

wrists, fingers, arms, shoulders and, especially, the back muscles, since the center of gravity is

shifted well forward of the carrier’s unburdened state.

Since the load is also both expensive and fragile, there is also a certain mental stress to be

considered. No one, however burdened, wishes to be responsible for damaging an expensive

electronic component the average worker will suffer painful consequences rather than drop the

thing or admit physical incapacity.

The packaging engineers have also made alternative strategies difficult. fvfost such delicate

computer components are packed very tightly in form-fitting foam packing inserts. The worker

who decides to open the crate and remove the monitor before carrying it to its destination often

finds that the only way to accomplish this is to put the box on the floor, open the top, and pull the

whole foam-packed weight up and out of the container. But many foam-pack liners are divided in

such a way that the contents must be removed as a un;t, foam and all (often a balancing act,

since there is a tendency for the foam to detach itself from the monitor only after it is released

from the restraints of the cardboard carton, ) This task is made even more undesirable because

the requirement to grasp the contents firmly assures that maximum strain will be placed on the

back muscles.

7.3.3 Carving

Maximum burdens for tasks that involve carrying objects are calculated not only for
weight butalso for configuration. Tllefollowing guidelines cover most situations
encountered in the TMC:

7/1 Carding Packages with Handies (Recommendation; 125]

When the package has smooth sides (e.g., a suitcase or similar
package) and a top-mounted handle, it can be carried against the hip
or leg without stress if weight does not exceed 20 kg (45 lb) for
males and 18 kg (40 lb) for females.

712 Carving Packages (Recommendation; f25)

When package sutiaces are not smooth (electronic equipment
chassis, etc.) [imit weight to about 16 kg (35 lb).
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7/3 Team Carrying (Recommendation; 125),

An equipment package weighing over 20 kg (415lb) normally should
be carried by two persons using dual handles. Two people should
not be required to car~ 45 kg (100 lb) more than a short distance.

7.3.4 Pushing and pulling

The act of pushing or pulling an object involves not only the object’s weight but also
inertia and friction. Table 7-1 shows allowable push and pull forces. ’38’25)

Table 7-1. Horizontal push and pull forces exertable intermittently
or for short periods of time (male personnel).

HORIZONTAL FORCE’;
AT LEAST

IOON (22.5 Ibf) push or pull

200N (45 Ibf) push or pull

250N (56.2 lbf) push or pull

300N (67.4 Ibf) push or pull

500N (112.4 Ibf) push or pull

750N (168.6 Ibf) push or pull

APPLIED WITH

Both hands or one
shoulder or the back

Both hands or one
shoulder or the back

One hand

Both hands or one
shoulder or the back

Both hands or one
shoulder or the back

The back

CONDITION
(P: Coefficient of frictiol~

With low friction
0.2< P<0.3

Wth medium friction

~-O.6

[f braced against a vetical wall,

51 cm -?52 cm (20 in -60 in)

from, and parallel to, the push
panel

With high fflction

p>o.9

If braced against a vetical wall,

51 cm -178 cm (20 in -70 in)

from, and parallel to, the push

panel or if anchoring feet on a

perfectly nonslip ground (like a

footrest)

If braced against a vertical \Mall,

58 cm -’110 cm (23 in -43 in)

from, and parallel to, the push

panel or if anchoring feet orl a

perfectly nonslip ground (like a

footrest)

7-19



CHAPTER 8: DISPLAY DEVICES
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8.1 The Display of Informa{Lion

The ITS-class advanced traffic management system allows the desi~er to specify a broad
range of sensors and information sources, each of w~lich can provide crucial dynamic
information about roadway arid resource status. A @pical ATMS will collect arid make
available to operators highly detailed information about some or all of the following:

. Current traffic conditions. @ Current roadway conditiorls.

e Location of incidents. @ TWe/severity of accidents.

e Emergency resources. e Currentipredicted weather.

e Current and future demands. . Public confidence levels.
@ Planned and unplanned events. * Status of ATMS resources.

As the nerve center of the ATMS, the Traffic Management Center serves as the collection
point for information. The TN4C computers and operators must interpret this tiver of data
to maintain awareness of traflic and roadway conditions. Then they must make

appropriate decisions about how to use available resources tc manage traffic, to provide
advisory information to the public, to repair or work around malfunctioning components,
and to support other agencies such as fire and police.
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8.2

Without computer assistance, the volume of raw information would overwhelm TMC
operators and hamper their performance. With well-designed data analysis software and
user-computer interfaces, the operators can maintain a good mental picture of the
roadway system.

Maximizing the usability of the information is a major concern of human factors
engineers when designing the TMC. The design of information displays, their content and
format is discussed in Chapters 11-13, which deal specifically with computer interface
issues. In this chapter, we deal with more general display issues.

Visual displays

The bulk of numerical, spatial and system condition-related information is presented to
operators using visual displays. Visual display systems in a modem control center
encompass a range of technologies from simple signs to complex digital and screen
displays. Care must be taken to select or design display types and formats to meet the
requirements of the task. Selection of a visual display mode should be based on three
fundamental criteria:

~ The type of information to be displayed (map information, sensor status, VMS

messages).

@ The degree of operator interaction (advisory, integrated control, etc.)

~ The workspace conditions (lighting, distances, etc.).

The discussions and guidelines that follow provide criteria for selecting and speci~ing
the configuration of visual displays.

Specif~ng visual displays requires some understanding of the principles that underlie
light and vision. A visual display must meet certain guidelines with respect to the amount
of light, its quali~, and the configuration.

This section deals exclusively with the characteristics of visual displays. A general
treatment of light in the workspace is found in Chapter 9. Discussions of color and other
human/computer interface issues are in Chapter 11.

8.2.1 Pictorial displays

Most TMC’S employ large-scale maps, situation boards, and other information displays of
significant size, designed to be viewed from a distrmce. Such designs should be guided by
two fundamental considerations: (l) whaf information does the user need, and (2) how
should that information besf be presented? ~10‘J
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Big board displays are configured to provide an overview of the highway system map and
infrastructure that can be observed by most or all operators. These displays usually are
one of three types:

@ Static wall maps. Often. displayed as “wallpaper” maps in the TMC, these are
generally less useful tha:n displays that show changes in traffic or system status.
Within a fairly short time, most operators master the layout of the highway system
under TMC management, and the static map quickly becomes more decorative
than informative.

@ Dynamic wall maps. These map displays show changing status information such
as traffic volume or signal status by colored lights. These may not be cost
effective in small TMC’s; however, at larger and more complex facilities where
coordination among operators is important, these maps are said to be useful for
maintaining situational awareness.

A disadvantage of such displays is that, because of the comple:( electrical circuits, they
are difficult and expensive to produce and maintain. Map changes typically involve
cutting a hole in the map, patching it, and drawing in the revisions. These maps are often
not updated with changes in tile infrastructure. One innovative system in which the
roadway map is computer-printed on a matrix of small plastic tiles provides a partial
solution. Map changes require only that the outdated tile be popped out of the matrix and
an updated tile popped into the empty spot to replace it. This q?proach is commonly used
by the railroad industW in tile tJnited States.

~ Projection television slzreens. These displays are increasing in popularity and
have the advantage of being easier to change than fixed dynamic displays.
Anything that can appew on a computer or closed-circuit television monitor can
be displayed on a projection television monitor. However, limitations in
resolution make finer details more difficult to discern. In addition, maintenance
and electro-optical adjustment are frequently necessary. ‘7s)

General guidelines. The following approaches are recommended for large-scale displays:

8/4 Amount of Dt?tail (Observation; 125)

Avoid excessive detail on the large map or status board.
Leave the detail to individual operator displays. PacKng in detail Iusually
requires reduction in size of individual characters and symbols, which may
be hard to discriminzite in a TMC control room environment. This is
particularly true for video-projection displays, which at present have an
inherently limited resolution.
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This recommendation cannot be defined in terms of a single, precise, md prescriptive
guideline. What constitutes too much detail will be a function of a number of variables
such as range of distances from which data will be read, control room illumination,
arrangement of information, and other factors. As a general rule, if there is doubt as to the
need for detail on a map or big board, put the detail on individual displays and reserve the
large display for ;nteg},acion of status (e.g., keep information that pertains to the traffic
flow as a whole on the central map, but place detail for a particular area on the operator’s
personal display).

8/2 Moving Objects (Principle; 125)

[f moving objects are individually displayed on a map, keep the
number at a minimum and display only those that move fairly slowly.
In cases where moving objects are displayed, there is information to be
gained visually in two cases: if the number of targets is small, they may be
tracked individually; when the number is large, only patterns of movement
are readily discernible. Rapid movements, particularly numerous
independent movements, are very difficult to track.

813 Neutral Background Color (Recommendation; 125)

If the display area must have a low ambient illumination in order for
individual operator displays to be used effectively, use white or iight-
colored markings against a dark background for maps and status
boards.
TMC’S are generally kept at a relatively low level of illumination because
of the video and CRT — and particularly video-projection — displays (See
Chapter 10 for further discussion of illumination). A large highway map on
a white or light-toned board will tend to distract the gaze of operators and
may be hard to read when the operator has adapted to lowered light
levels,

8-4



814 Background for Color-Coded Data (Recommendation;l 25)

If color-coded object information is to be used on the large map
display, use a neutral color, such as dark gray, for the map
background; this allows the color targets (e.g., map symbols) to
have better contrast.
Color interactions in the eye often cause distortion. A bright or saturated
background color is almost certain to conflict with a detail color. Flat black
or a dark neutral gray :]re recommended. Care should be taken with
projection displays because colors can often be customized with

distracting results; in addition, the low luminance of such displays makes
contrast critical (see S(?ction8.2.5).

815 Front Projector Position (Principle; 125)

When front projectors are used to project information on a Iarfje map
display, the projectors should be positioned so that they do nc~t
produce glare on ope!rator workstation displays.
Such projectors are common in TMC’S and other control rooms, and are
generally effective. A possible mistake is to position the source of the
projection before decicling where the operator stations and displays will be
placed, resulting in the risk that the light source behind the operators will
be reflected in the glass of the CRT screens. This could force the TMC
manager to move the operator stations after installation or — more likely
— turn off the projector. Video projectors, which convert video or
computer display images to projected images, are not as likely to cause
problems since they are generally mounted no more than three meters
from the display screen, probably between the operators and the display.
Rear-projected displays are an attractive alternative although they require
substantially more space.

8/6 Viewing Distarlce (Principle; 125)

Determine and provi(ie the proper alphanumeric and/or symbol sizes
on the large-screen clisplays in terms of the maximum viewing
distances at which each set of characters and symbols must Ele read
(see Section 8.2.2).
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817 Coding Rapidly Changing Data (Obsemation)

Use clear coding techniques to help operators easily discriminate
between rapidly changing data versus slowly changing data.
Incident management information is typically refreshed at an interval of 5
to 10 minutes, while real-time status on system and traffic information
through automated sources may be refreshed every two seconds. The
coding system used to describe traffic or system status should draw the
eye toward a new value or condition. The more critical the new
information, the more eye-catching the code should be (e.g., a flashing
light or, redundant coding such as flashing light and audible tone).

818 Map Orientation (Observation)

Orient maps with north at the fop.
There is a temptation to rotate maps of highway sections that run north to
south in such a way as to make the best use of available wall space. This
creates a confusing display, since most operators will tend to see the map
as directionally skewed; this distortion will conflict with internal, map-
oriented configurations,

Color coding. Color coding, particularly in combination with other techniques, cm be
helpful in providing the “big picture” for operators. In d~amic situation maps, color
codes may be applied to critical sections of roadway in response to sensor input and other
sources of information about traffic conditions. Local emergencies — accidents,
blocl<ages, malfunctioning signals, the start of a queue, etc. — may be indicated by
visually attractive points (e.g., flashing lights). Such options are expensive and difficult to
maintain for hard-wired dynamic displays, but are worth considering when the main
display is projected from a computer-generated source.
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8/9 Color Coding lPractices (Principle; 38)

Color codes should agree with commonly accepted practices.
Typical guidelines are presented in MIL-STD-1472:

* Flashing red Emergency
@ Red Alert
e Yellow Caution, recheck
e Green Safe, go ahead
e White Used when there is no right or wrong ent~ or

condition
@ Blue Can be used to denote adviso~, but

preferential use should be avoided

Arbitrary use of color ~;an degrade visual processing and hence operator
petiormance. Search ‘time increases if other items differ only slightly in
color (e.g., a yellow Ii$lhtamong orange lights). Fewer errors will occur in
counting tasks if items counted are the same color.

Closed-circuit TV displays. Sc}meTMC’s use an army of Closed Circuit Television

(CCTV) monitors that display sslected areas of highway which also have loop detectors.
Loop detector occupancy data might suggest congestion at a particular location a]~d
display this on a dynamic big board. Operators could then inspect the appropriate CCTV
view to verify the situation and obtain a better understanding of the state of traffic and
any required response.

Experience at TMC’S indicates, however, that operators tend to become overly dependent
on CCTV displays, probably because of the natural presentation of information and the
potential for detecting a traffic flow problem marginally earlier than would be likely with
sensors alone. Over dependence on CCTV for incident and congestion detection (can
create a significantly higher workload than a well-designed graphics display that
summarizes, for example, loop detector data. While no definitive guidelines are presently
available, it would seem prndent to limit the number of monitors in use. (’s)

A second problem with large Cf~TV wall displays arises when there are more cameras
than monitors. Some TMC’S use a salvo procedure in which groups of CCTV viewpoints
occupy the displays on a timed basis. A problem associated with this practice is the
difficulty in recognizing at a glance the locations of the views currently being displayed,
One aid to the operator is the use of location information superimposed on the viieo
image (though contrast between SUCIIdata display and the unpredictable background of
the TV image should be considered (See Section 8.2.5 on contrast),

Finally, it is difficult — particrrl.arly with cameras remotely adjustable for pan ani tilt —
for the operator to tell at a glance which direction the camera is pointing, Time maybe
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lost in critical situations as the operator attempts to orient the view and map it to the
actual highway directions.

8/1 O Camera Location (Observation; 75)

The name of the geographic location of the camera should be
superimposed over the image on the monitor screen.
Or, for dedicated monitors, the name may be placed in a consistent
location (e.g., above the screen).

WHICHCAMERAISTHAT?

A TMC control room frequently includes a bank of monitors displaying traffic conditions under

observation by CCW cameras. One such center had ~o large arrays of this type, but no monitors

were labeled — typically, the operators had simply memorized the locations. In another center, the

monitors had been labeled with 2 cm (0.75 in) marker tape. Because these characters were not

visible from normal operating distances, they had been supplemented by a paper label taped on

each monitor frame.

8/1 1 Camera Pointing Angle (Obsewation; 75)

The display at the operator’s station should indicate the direction of
view of each camera.
A rotating camera icon superimposed on the graphics display or a text
display of the camera’s compass pointing angle (i.e., N, NE, E, SE, S,
SW, W, or NW) might be suitable.

8/1 2 Consistent Camera Location (Observation)

Consider using a consistent rule for camera location.
One TMC, for example, places all of its cameras on the south side of the
roadway.
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8/1 3 Preset Pointing Angles (Observation)

Specify control systems that have preset pointing angles.
Systems are availablt? that can program tt~e camera to turn to several
selected positions. T?le operator can command, for example, “Central
Street WesV and the camera will realign itself to that angle from its
previous viewing position. Such presets allow more efficient camera
control. If they are uslsd, though, the operator still needs the ability for fine
control of the camera after it reaches its programmed position.

8/14 Multiple Camera Operators (Observation)

Where cameras and monitors are controlled by more than one
operator, develop procedures ‘to give override authori~ to the
operator whose tasl{ has the highest priority (e.g., an operator who
has just received ar~incident alert in the given location).

8.2.2 Alphanumeric characters, words, and numbers

Much of the information on visual displays is composed of alphanumeric characters.
Many of the display deficiencies in control centers are the result of poorly planned use of
characters, in particular failure to provide for three essential dimensions: ‘10’)

@ Visibility. The quality of a character or symbol that makes it separately
discriminable from its surroundings.

@ Legibili@. The attribute of an alphanumeric character that makes it possible for
each symbol to be recognized.

0 ReadabiH~. The quality that makes possible the recognition of the information
content of material.

Character size. The determin~tion of character size on pictorial displays is critical, and
interacts with distance of observer from the display, character style, color and contrast.



8/1 5 Legibility (Principle; 125)

To be legible, minimum character size should be 16 min of arc, and a
maximum character size should be 24 min of arc.
The preferred size is 20 to 22 min. The maximum reflects the limits of the
eye; the central area of vision imposed by the fovea of the eye is too small
to read large text efficiently because too few letters can be recognized on
one eye fixation.

Reducing this to more familiar terms: 22 min of visual arc is equivalent to a printed type
face of 12 points in height (this handbook is printed in 12 point type), the designation
generally used by printers and word processors, when viewed at normal reading distances,
A point is approximately 0.35 mm (exactly 1/72 in). The point has no commonly used
metric equivalent. A face of 10 to 12 points is preferred for readability at distances of 30
to 40cm(12 to 16 in).

To compute a given character height use the following formula:

Eq. 1

where h is the character height, d is viewing distance, and x is the desired angle subtended
in radians, One radian equals 3437.747 arc minutes, or 57.296 arc degrees. Table 8-1
shows selected preferred character heights (21 arc rein) for selected near viewing
distances, Figure 8-1 shows recommended character heights (21 arc rein) for viewing at
long distances.

Table 8-1. Viewing distance, character size, and readabili~.

Viewing Distance Character Height

mm in mm in
400 15.6 2.4 0.10

500 19.5 3.1 0.12

600 23.4 3.7 0.14

700 27.3 4.3 0.17
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Figure 8-1. Recomme~]ded character height for longer viewing distal~ces.

Character stvle. The design style of alphanumeric characters also has an effect on
legibility and readability. ~he wide range of tWefaces now available at the touch of a
keystroke has made this problem a critical one.

Figure 8-2 gives examples of the relationship between legibility/readability anti such
factors as stroke width, height to width ratio, and letter, word and line spacing. k many
cases, these variables are driven by the defaults of a display. Newer computer systems,
however, allow the operator to vary these factors, along with font and color mangement.
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Figure 8-2. Recommended character and word dimensions.

In addition, large fixed displays (such as maps and the labels for monitors in an array)
require design decisions with respect to character size and arrangement.

The shape of characters — font and other considerations — and their effect on legibility
and readability have been studied extensively. The problems in this area of design have
been increasing with the variety of font choices, Powerful graphic and word processing
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packages, combined with laser printers, have provided the designer with a wide selection
of confusing tWefaces and the temptation to explore inconsistent applications.

Most printed text material uses a Roman-style serif face. This style is very legibie and
readable, and provides high discrimination between characters. In addition, its wide use
has made us comfortable with the Roman “look.” But this style is as “fancy” as good
design permits. For signs and large displays, simple saris-serif fonts (such as Helvetica,
Swiss, or Arial) are acceptable. Table 8-2 shows some undesirable styles.

8/1 6 Typeface Characteristics (Principle; 125),

Avoid typefaces with these characteristics:

@ Letters with extended height-width ratios.
. Odd or stylized shalpes, which are easily confused.
. Excessive stroke wlidth or widely ditierent stroke widths.
e Script faces.
e Excessive slope.
e Large serifs.

Readabili@. Readability is inlproved by the following measures:

8/1 7 Text Reading Level (Observation).

Design text to be easily r~?adand understood by the least educatedl stafi
member.
Generally, for high school ~~raduates, a sixth to eighth grade reading level is
recommended. This is abOUt the level of a general circulation newspaper. In
general, a lower reading level is achieved by using shorter, more common words
and shorter and less complex sentences. For reading duting high workload and
emergency situations, t[le lower the reading level, the better.
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Table S-2. Undesired type s@les.

ATMS VERTIWLLY EXENDED

CWWCTERSTIG

ATMS ODD SWPES, EASILY

CONFUS~ ~CESSIW STROK
W D~S

as SCRIPT, EXCESSIVESLOPE,W DELY
DIFFERENT STROKE WIDTHS

~~~~ ILLEGIBLESCRIPT

4TMS ITALIC

ATMS LARGESERFS

ATM MRGE SERIFS

8/1 8 Common Language (Principle; 125)

Use common language terms on displays and user aids.
Jargon and acronyms are often hard to avoid, but the effoti is usually well
spent, For inexperienced staff members with limited detailed technical
knowledge, jargon-filled messages may be meaningless or misleading,

8/19 Whole Words (Principle; 125)

Use whole words rather than abbreviations.
Space is sometimes at a premium in displays, and there is a natural
tendency to save it by using abbreviated forms. Consider the possible
errors and confusion that could result if the abbreviation is not universally
understood.
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8/20 Instrument Labels (Princilole; f25)

To identify an instrument or graphical data presentation, use terms
that indicate what tt]e instrument measures.
For example, “Tempc!rature: ‘C” rather than “Thermometer.”

8/21 Homonyms (Principle; 125)

Avoid words that halve multiple meanings or might be interpreted as
verbs or nouns in different contexts.
For example, “file” might refer to a record or to the action of filing
information as a record. “Save” better conveys the intended meaning of
the latter.

8122 Letter Case (Principle; 125)

Use capital letters f(~r labels and short instructions. Where full
sentences and punctuation are used, employ mixed upper and lower
case.
Mixed upper and lower case is significantly easier to read when phrases
are assembled in serltences and paragraphs.

8123 Make Instructions Brief (Princi~]le; 125)

Make instructions as brief as possible while preserving clarity.
To improve readability, use short, common words and arrange them in
simply constructed st?ntences averaging between 10 and 12 words in
length.

8/24 Confusing Alphanumeric Symbols (Principle; 125)

Avoid using alphanumeric symbols that can be misinterpreted.
For example, “l” an[d “’l” can be an easily confused pair.
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SETTING UP THE OPERATOR FORA KEYINGERROR

In one TMC, the operators were given a user aid in the form of a ptinted set of coded keystroke
sequences for control of signals in emergencies; the characters were saris-serif (like this text),

and the characters “O” and “O” (zero) were indistinguishable. The purpose of the keystrokes was

of such importance that confusion of these characters might cause system malfunction. In

addition, the use of this procedure was so infrequent that the job aid, not memory was the major

source of information. This further increased the likelihood of error.

8/25 Character Orientation (Principle; 125)

Characters should be oriented left-to-right, not around corners, on
the side, or up and down.
For example, a display data field or window on a Video Display Unit might
preserve active data space by labeling the window vertically down one
side. It is more difficult, though, to read such labels, particularly if the
letters are not rotated,

8/26 Manufacturers’ Labels (Principle; 125)

Manufacturer brand-name label should not overshadow the primary
display labels.
Delete or cover manufacturers’ brand names on visible parts of equipment
to avoid visual clutter and distraction.

8127 Consistent Label Positions (Principle; 125)

Place identification labels for controls and displays in a consistent
position (e.g., above the component).
This is patiicularly important on control consoles where controls and
displays are densely arranged, Mistakes are extremely easy to make, for
example, in an array of push buttons, a configuration common in older
TMC’S.

8128 Adjacent Labels (Principle; 125)

Allow sufficient space to avoid running adjacent labels together. This
often occurs in older TMC’S that use push button arrays.
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8/29 Size or Color C(]de (Principle; 125)

Use size coding and/or color coding to help the operator differentiate
between levels of importance.
A malfunctioning signal controller may be more urgent than a
malfunctioning loop dlstector and, if so, this difference should be indicated
by a difference in colciror size of the associated icon on the screen.

8/30 Resistance to Elamage (Principle; 125)

All labels should be as permanent as possibie for resistance ~to
damage and wear.
This is paficularly important for labels that will be touched by operators’
fingers on a regular basis, such as labeled buttons and entry keys. In
particular, labels that have painted or dry-transfer characters are I’ikelyto
wear excessively. If possible, labels should be engraved.

8.2.3 Segmented and matrix displays

Many instruments use segmented LED numeric displays, because of their simplicity, to
indicate changing quantitative :status. More complicated matrix displays are generally
reserved for large alphanumeric: displays that carry changing information (e.g., Variable
Message Signs). Such digital displays have limitations imposed by their lack of visual
continuity in individual letters.

Resolution, construction, self!ction. Matrix or segmented units are easily reconfigured
and relatively inexpensive, Variable message signs, for example, almost invariably use
matrix screens to display their information. The matrix provides adequate contrast and
visibility for letters and numbers provided that matrix density is high enough (e.g., a 5 x 7
matrix may be difficult to read rapidly).

The matrix display is usually prefemed if both letters and num”bers are to be displayed,
since the discrimination of letters relies heavily on curved components. Ten numeric
characters can be differentiated adequately in a relatively low-resolution display (such as
the segmented LCD displays on hand calculators). But displaying alphanumeric
characters requires differentiation among at least 36 forms, beyond the range of simple
segment configurations (whicl~ cannot, for example, distinguish between 5 and :S,D
and O).

Higher resolution matrices are required if easy readability is critical (as in the highway
variable message, sign, because drivers should not be required to fixate on messages more
than briefly).



8/31 Segmented Characters for Numbers (Principle; 125)

Segmented characters are adequate when only numeric information
is displayed.

8/32 Matrix Characters for Alphanumerics (Principle; 125)

Matrix characters may be used for alphanumeric (words and
numbers) displays. Higher-resolution matrices should be used for
displays that require high readability.
Matrix or other digital displays have limited capacity to present the
features that allow us to differentiate characters. Remember, for example,
that VMS displays with small mattices tempt drivers to stare at a hard-to-

read message instead of the road,

Standards for resolution. MIL-STD-1472D provides detailed guidance for determining
minimum resolution for matrix displays. ‘3*)The limits are summarized in Table 8-3.

Table 8-3. Standards for segmented and matrix displays. ’38)

Segmented Displays Dot Matrix Displays

Character Type Recommended Use Character Type Recommended Use

7 Segments Numerical 5 x 7 Matrix Minimally
Information Only Acceptable

14 Segments Preferred for 7 x 9 Matrix Prefemed
General
Applications

8 x 11 Matrix Minimum if
symbols are
Rotated

16 Segments Preferred for 15 x 21 Matrix Preferred if
General Symbols are
Applications Rotated
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8.2.4 Visual alerting and warning displays

Coding of information for vist[al displays should support the operator’s ability to
differentiate between routine information and information that requires immediate
attention.
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8133 Visual andlor Audito~ Coding (Principle; 125)

Emphasize the following kinds of information with visual andlor
auditoW coding.

e

e

o

e

e

o

e

e

@

Critical information. This must be considered with some care. Indication
of a marginal or failed road sensor, for example, might not require
immediate operator action; information relevant to an accident or highway
safety condition usually will require immediate action, The coding system
should differentiate between “action required at some poin~ and “take
immediate action. ”
Unusual values. Such output often indicates system malfunctions or
other uncommon conditions.
Changed items. Actions are most frequently required when a status
changes, not when it is static. Special attention should always go to the
design of change indicators, particularly if TMC experience shows such
changes to be operationally significant. Designers from outside the TMC
environment cannot be expected fo know these priorities. Remember
also that no two TMC’S — or the traffic systems they manage - are
alike. A display system that is perfectly satisfactory in Anaheim may not
be the best for New York.
Items to be changed. When dealingwith a special situation,an operator
may set some system specificationsto special values or protocols(for
example, defininga “greenway”for fast throughput of emergency
vehicles or a temporary change of a VMS status); the operator may
benefit from a reminder if there is a natural way of sensing that a change
is needed,
High priority messages. Information relating to accidents, traffic
blockage, impending weather, the imminent raising of a drawbridge,
police alerts and other messages must not be allowed to go into a queue
with routine information. Many serious errors have historically occurred
because urgent information was not highlighted.
Special areas of display. The location of traffic congestion might, for
example, be highlighted or color-coded or indicated with a blinking signal.
Errors in enty. This is particularlyimpoflant in computer interface, but
may occur in more traditional controls and displays as well. If activation of
a procedure requires depression of push buttons in a sequence, for
example, there should be some ready indication if an improper sequence
has been entered (“You have dialed the wrong number .“).
Critical operator command entries. If an operator command must be
received by the system to cause a necessary event to occur (such as
removing or changing a VMS message when it has become obsolete),
the advisory signal should be readily discriminable from the background.
Targets. ‘8’)A target is a variable object of small size (e.g., an LED
indicator) that must be visually discriminated from the background. A
flashing LED on the big board that indicates possible congestion should,
for example, be readily detectable against the other visual clutter.
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The overriding consideration in visual alerting is that the display element should be
S5) and should cOnfOrm to comrnonlysignificantly easier to detect than its bacl<ground, ~

accepted practice. (4.!09.{]s)This :requirement is supportedby the fOllOWing guidelines:

8/34 Warning Light V’isibili& (Principle; 125)

Warning or alert lights should be visible from tl~e widest possible
viewing angles.
Warning or alert lights should not be recessed in panels. A recessed light
will be hard to see except from directly in front of the display.

8/35 Systematic Use of Color (Recommendation; 113)

Use color systemati{:a!ly to highlight information and promote!
understanding. Arbitray use oi’ colors can degrade these effects.
The modern computer system can produce far more colors than can be
used with any reliable discrimination by the user, and it is too easy to
“customize” a display into a confusing demonstration of computer
capabilities instead of highlighting vital information. Use of color should
always be to highlight information, not to create distracting decoration.
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8/36 Blinking Lights Draw Attention (Recommendation; 38)

Blinking or flashing lights can be used to draw attention to a
warning. Use the following rules:

Use no more than two different blink rates; recommended: one
at 3-5 Hz, one at less than 2 Hz.
Operators will not be able to differentiate readily between more
than two flashing signals if the purpose is to attract attention.

Time ON should be greater than or equal to time OFF.
A 50 percent ON/50 percent OFF cycle is preferred.

Use blinking/flashing lights for alarms and for target detection

in a high density display (such as malfunctioning signals on a
wall map). ’18)
In displays where information is displayed as dense arrays of
points, a blinking light will be far more detectable than a different
color, unless the color of the points is very uniform and contrasts
with the target point.

Do not use blinking/flashing targets on long-persistence

phosphor displays: (18) A phosPhOr that is Slowto fade will tend to

add a ramp-down intensity function that defeats the purpose of the
ON/OFF contrast.

8.2.5 Video displays

This section covers physical characteristics of video displays; human/ system integration
questions that relate to the software interface are covered in Chapter 12.

Display screen visual characteristics. The term video display is used to describe the
type of CRT used in desktop computers, work stations, and similar configurations. Most
contemporary video displays are capable of color display and are of high resolution. The
critical characteristics of the visible display itself are luminance and contrast.

Lumirsauce is a measure of the amount of light emitted from a surface generally
measured by a photometer. (106)The ~ommon te~ brightness is not quite equivalent to

luminance, Brightness is the observer’s perception of luminance.

Luminance is generally expressed in the metric term candelas per sguare meter (calm’),
and this measure will be used here in preference to the English equivalent~oot-Lambert
(fl). The unit calm’ is formally defined as a luminous intensity from a point source of
light equivalent to one candela reflected from a spherical surface with an area of one
square meter. h practice, this parameter is simply expressed as a reading on a light meter
or photometer.
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8/37 Video Display Brightness (Recomrnendntion, 4)

A video display’s bri~]htest area should have a luminance of no less
than 35cd/m2(10 fL),,
This should be specifi(?d before purchasing equipment.

Contrast ratio (CR) is sometim(>sspecified. It is the ratio of the higher luminance to the
lower. As a consequence, it has no units of measure. Contrast ratio has been specified in a
number of guidelines for Chapters 10 and 11.

8138 Contrast Ratio (Recommerldation)

Contrast ratio betwet~n character and background on a video [iisplay
should be no less than 3:1.

Color. The color of a stimulus consists of three dimensions:

Hue is the wavelength composition of a visual element within the visible
spectrum. Different wavelengths correspond to different “colors.” Hue is l:he
characteristic we usually intend to communicate when we use the term “color” in
a conversational sense. In most color video displays, hue is produced by the
summation of diffeting intensities of three primary colors (red/greetilue) at a
given location.

Saturation is the measure of wavelength puri~. A saturated blue, for exannple,
will appear intensely blue to the eye; as saturation decreases, the apparent color
will begin to “gray out” until it reaches minimum saturation, at which poi:mtit will
appear as a neutral gray.

Brightness is the effecti}e luminance of the visual element. The combination of
hue and saturation is called chromafici~. (A helpful way to think of this is that
chromaticity refers to thf: frequency or frequency spectrum of the light, while the
brightness refers to the amplitude.)

Color offers a significant advantage over monochrome displays. Color can add clarity to
location, association, grouping, coding, and image memory; it can highlight, segregate,
imply physical characteristics, and aid learning. (‘”~

Research suggests that color may be used effectively for visual coding, particularly if the
task involves searching for an item, grouping items, or tracking a moving object. Search
time for a visual target increases if color differences are slight, or if the number of items
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similar in color to the target increases. Few errors occur in counting tasl{s if the items
counted are the same color.’1 13)

Redundant coding (using COIOI-in addition to blinl{ing, font, or other measures) can be
more effective than a single code. Redundant coding also supports color-deficient
operators, who, for example, may not distinguish between red and green, but will
recognize other redundant codes. ’38‘“g1‘“)

8/39 Color Discrirrtinability (Principle; 4)

When color is used for discriminability or to alert the operator,
colors should differ significantly from each other.
All colors should differ from each other by at least 40 delta-E (CIELUV)
distances (a reference to the 1976 Cl E (Corrrrrriss;on /nternafiona/e de
/’Et/a;rage) color space). For design purposes it is probably sufficient to
use colors that do not appear similar to a trained operator (avoid
discriminating between similar colors such as red and orange, for
example, or between blue and cyan). Where this appears to be a critical
design issue, knowledgeable engineers with specialized measuring
equipment should be consulted.

8/40 Number of Codes (Principle; 109)

No more than six colors should be used to for coding on information
displays.
Suggested are: white, red, green, yellow (amber), magenta (purple), cyan
(aqua) on black, gray, blue, or brown background for shading. Use the
smallest number of colors possible. This may become a difficult design
issue for large situation displays in the TMC. If more than six colors must

be used, expect performance declines on search, identification and
coding tasks.

8/41 Size and Color Interaction (Recommendation; 67)

Size of the symbol on the screen interacts with color identification.
For small targets, use warm colors.
For symbols of less than 2 deg visual angle, “warm” colors (red, orange)
are more readily detectable than “cool” colors (blue, purple).
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8/42 Color Contrast for Readability (Recommendation)

When color contrast is being used to enhance readability and
absolute color identification is not required, text and background
should differ significantly in brightness.
Avoid color combinations that provide poor contrast. The eye
discriminates shape boundaries by brightness contrast, not color
difference. Green letters on a red background of the same brightness, for
example, will be almost unreadable. The good color combination if color
must be used is yellclw on blue (when saiurated they have a strong
luminance contrast).

8143 Avoid RedlBlue Combinations (Recommendations; 4),

Avoid using red and blue together on a dark background.
This combination mzly result in a visually disturbing effect called
chromosfereopsis, which causes the red and blue areas to appear at
different depths (this is most evident when the colors are very bright
against the dark background). It sometimes occurs with green and red as
well. This effect could be distracting in a large projected display, creating
an undesirable illusion of depth.

8/44 Blue on Dark 13ackground (Principle; 41,39, 109 j

Avoid using blue on a dark background for text or fine detains.
There are three reasons: (a) blue phosphor has !OWluminance, (,b) a blue
image is likely to be focused in front of the retina because of the optical
characteristics of thf?eye, and (c) the retina has comparatively fc?wblue-
sensitive receptors. One map display on a large screen and high-
resolution CRT showed streets and street names in blue on a black
background. The rejult was very difficult to read.

8/45 Color Code Important Dimensior}s (Objervation~

For monitoring or search tasks in which there are non-redundant
coding of two or n~ore dimensions, color codle the most imFlortant
dimension.
Where, for example, color is used to display one dimension (e.g.,
operational status) ;andshape is used to display another (e.g., sensor
type) the color codiilg enhances discrimination of the color coded
dimension but may intetiere with the discrimination of shape.
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8146 Contrasting Brightness (Recommendation)

Foreground and background colors should have different brightness
if shape discrimination is important.
Icons or characters of blue or green on a red background will be very
problematic if they are of similar luminance. The eye distinguishes shapes
much more effectively by contours of differing brightness (contrast) than
by differences of hue alone. TMC’S frequently employ screen formats that
can be “customized” for color in the foreground and background, between
windows, etc. Poor color choices that lack brightness contrast may
increase errors.

Glare Most video displays will produce glare if external light sources (windows, light
fixtures, other displays) are located where they can reflect off of the screen. Glare can
cause distraction and eye strain for a variety of reasons, the most important being the
masking of the actual video display image and that the reflected light is at a focal distance
from the eye different from that of the screen. Glare can cause:

~ Distraction (the human eye tends to be attracted to bright sources),

@ Reduction of contrast between characters and background which affects
readability.

~ Shifts in convergence because specular reflections are responded to as if they
are the screen.

o For bright reflections, accommodation shifts may hinder reading (The lens of

the eye will shape itself to focus on the optically distant reflection, causing
blurring of the desired image and eye strain).

~ Annoyance.

The types of glare that maybe produced depend on the type of video display screen. A
screen with a shiny or specular surface produces a mirror-like image. This style will
produce no glare at all if there is no light source placed to reflect an image into the eye. If
there is such a source, the glare will be distinct and distracting. A video display screen
that uses a crazed or satiny outer surface (to reduce specular glare) will produce a dz~~use

veiling luminance that may wash out the contrast and sharpness of the image.

The most important measure for eliminating glare is to design the work space to avoid

extraJzeoLis /ig/zt SOLI}CC?.!. hl general, Iightin& fixtures (Irrminaires) will be set well above
the line of sight for operators of computers or worl< stations, but on occasion sources of
reflection will creep in frolm subtle sources (desk lamps or exit signs, for exalmple).
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In general, glare problems are more common in TMC’S that were established in
environments designed originally for other purposes (office space, data processing
centers, etc.). Windows are a common source of distraction in these facilities, but much
of the trouble is actually incidental: desk lamps, exit signs, and cross-illuminating glare
from adjacent units. Many such sources of glare can be solved by rearrangement of light
sources.

Characteristics of the video display itself that may reduce glare include:

@ Etching or frosting. Many monitors are provided with this feature, which reduces

specular reflections. However, it does not reduce dz~fuse reflection, and may cause
some perceived blur and loss of contrast. ’67’“’)

~ Quarter-wave thin-film coatings. These reduce both diffuse and specular
reflections by as much as 90 percen; however, they are somewhat delicate, and
show fingerprints and scratches. They do not reduce veiling reflections.’667 ‘0’)

@ Circular polarizers. Act as neutral-density :hlters, but generally have highly
reflective front surfaces, and thus are suscep~ible to specular reflection
problems. ’67‘0’)

@ Neutral densi~ filter. This measure reduces the amount of light that passes
through it without changing the CO1OLsince the brightness of the characters is
reduced less than that of the reflection, the intended screen image stands out more
clearly. However, the filter itself, unless treated, can be a source of specular
reflection.’6 67‘0’)

~ Micro-mesh screens. These resemble a black nylon stocking, and allow only light
traveling perpendicular to the screen surface to pass through, eliminating most
reflected room light. If the screen is not viewed head on, however, display
brightness is reduced, making this alternative unsatisfactory for display that must
be observed from off-axis locations. In addition, the mesh tends to collect
difi (6.67.101)

e Hoods. This measure is generally used in industrial settings. The shadowing
annoyance of hoods generally outweighs the possible benefits.”, 67)

Research indicates that operators prefer treated screens (quafier-wave, mesh, etched) to
untreated, but show no preference among treatment types. ‘g*)
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8/47 Video Display Glare Filters (Principle; 125)

The following should guide choice of optical filters:
@ If a filter is to be used, the neutral-density type is preferred

because it minimizes distortion of color.
@ [f ambient lighting is iow (dim-out conditions) and there is a

reflection problem, use a circularized polarized filter.

Above all, remove sources of glare in the arrangement of the work space. No filtering
measure can match the effects of a good initial design that minimizes glare sources. This
can be assessed most economically in the mockup stage, where light sources can be
pinpointed and shifted in the design instead of physically reinstalled, Window blinds
should be considered for outside windows. Operators should be encouraged to wear dark-
colored clothing to reduce reflected light,

Display placement. Many problems can be avoided if the video display is properly
positioned for the operator.

8/48 Video Display Viewing Distance (Principle; 38, 125)

Viewing distance for a 30 cm to 48 cm (12 to 19 in) video display
should be 46 cm to 64 cm (18 to 24 in).

8/49 Large Screen Viewing Distance (Recommendation; 38)

Large screen viewing distance should not be closer than one-half the
width or height of screen (whichever is greater).

8150 Video Display Viewing Angle~

Viewing angle should be within a 30 deg rectangle in the horizontal
and vertical directions; that is, f 5 deg left, right, above, or below line
of sight. The best position is directly in front of the operator, with the
display at eye level or slightly below. The operator’s line of sight
should be no more than f 5 deg below horizontal.
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Display control. Most displays have adjustment controls for position and for image
quality (brightness, contrast, etc.). In general:

8/51 Video Display Control Location (Principle; 125)

Adjustment controls should be located on the front of the video
display. Avoid monitors that require the operator to reach around the
structure to adjust brightness, contrast, and color; such adjustments
should be made when the operator’s head is in the normal work position.

8/52 Video Display Control Visibility (Principle; 18),

All controls should be easily visible, available, and labeled.

8153 Video Display Adjustability

Video displays should be able to be aldjusted for the comfort of the
individual operator. The unit should tilt 15-20 deg backward and flO
deg forward.
This guideline presumes that the work sutiace and other variables (See
Chapter on workspace) are configured correctly.

8.3 Auditory Displays

The term display commonly refers to visual presentation. However, much sensory
information is transmitted using other modalities such as touch, taste and smell. The most
common is sound. Audito~ information maybe in the form of voice communications,
auditory alarms, auditory feedback to computer keyboard commands, and audito~ status
information. As a display modality, sound has unique advantages and unique limitations.
For instance, an auditory display can often attract attention before a visual display.
However, the location of an auditory display maybe more difficult to identify.

8-29



8.3.1 Display @pes and selection criteria

Use the following selection guidelines for audito~ displays:

For choosing medium ofcornl~tunication:

8/54 Public Address System Applications (Recommendation; 125)

Use PA systems for nonspecific emergency announcements for all
diversely located listeners. Do not use for routine messages
intended for one individual if the announcement may interfere with
localized communication.
The PA message should be audible in all TMC areas, including store
rooms, kitchen, and rest rooms.

8/55 Intercom System Applications (Recommendation; 125)

Use intercoms for small group-specific, two-way communication
andlor for individual communication between people who are
physically isolated from one another, where telephone dialing would
create a considerable waste of time. Do not use where conversa-
tional privacy is necessa~.

8156 Telephone Applications (Recommendation; 125)

Use telephones for situations requiring individual conversational
privacy.

8/57 Two-Way Radio Applications (Recommendations; 125)

Use radio for situations where long distances between conversant
and/or when one or more of the conversant is moving from one
location to another.
If more privacy is desired, cellular telephone should be considered.
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FaI, choosing type ofcomrnunication inte<fice:

8158 Handset (Recommendation; 125]

Use a telephone handset when at least one hand can always be free
to hold the handset.

8/59 Headset (Recommendation; 125}”

Use a headset (earphone or earphones and microphone) when both
hands are often occupied.

8/60 Wreless Microphone (Recommendation; 125).

Use a wireless microphone when a fixed microphone, or hand-held
microphone with cable, would restrict needed movement.

8.3.2 Signal selection

The TMC will generally use auditory signals (other than speech) for warnings. Such
signals are extremely usefil because they are from a different modali~, and contrast with
the flood of visual information the operator deals with in the course of a shift. Signals of
this type might range from the beep commonly used to alert the operator to an incorrect
keystroke to an alarm calling attention to a failing system. For selecting a signal type, the
designer should consider the fanction of the display. Table 8-4 was taken from the current
militaW standard, MIL-STD- 1472D. ‘g)

Table 8-5 provides guidance for selection of specific tones.

8.3.3 Signal errors

8/61 False Alarms (Recommendation; 38)-

Minimize auditoW false alarms.
The normal channel of information in the TMC is visual; an auditory
warning (such as an advisory of subsystem failure) requires the operator
to shift to an entirely different modality (looking to listening), and frequent
false alarms will make the operator less likely to respond quickly.
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8/62 Missed AuditoW Signals (Recommendations; 38)

Design auditory warnings to minimize missed signals.
This is the “miss” that is the complement to a false alarm. Both these
failures contribute to a loss of operator faith in the reliability of the alarm

Table 8-4. Signal selection.

,ig,lal ‘rype Criteria For Use Special Considerations

:Olltilluous Use with tone will be equally loud in Select a frequency outside rages that make

‘one both cars. c)r fc]r trackitlg tasks ,1P background !]oise and other signals

pokcn . Use tvheII co,mm~)!licatio!l tlexihility Use lnost concise possible !nessagc and

4essage IS llecessary tni,li,nize ambiguity

. Use wbeII it is I1ecessary to identify

message source

. Usc wbe]l a stressful situation nligbt

cal[sc a listener to forget a coded

signal

. Use whe[l a coded signalcanot
provide adequate directions

. Use wbe[l a[nbient maskil]g [loises

inake si~nple tone signals hard to

i“te~ret

. Use whel> complex tolle sigilals have

been exhausted

nter~nittent . Sil>gle Impulse Use for St& and Avoid a train of sig!lals that may he confused

‘(>lle Stop tin]ing with electrical systems noise

. Regular Pulse: Use for irregularly

occ,trring signals (alarms)

Varble a]]d Use wbe]l ]nasking ]loise characteristics Avoid a wwble that mimics a beat frequency

J$ldu!ating Ue ullkllown or cover a broad effect

“O,les frequel>cy spcctruln ill a random pattertl

<cl{, Buzztr, . usc bell for fire alarlll Signal should be distinctive and readily

iire~l, Horn, discriminable from other sources

Vhistlc . Use horl> for .Lnergen.y \v.rl?i]lg
Signals sllould beat least I [1 dB above

. Use buzzer for individllal operator ambient noise

Ilert
Caution signals should he provided with

reset and volume controls

Conce]ltrate sigllal energy between 250 and

2500 Hz, with sigl~al readily idelltifiable

belo\v 2000 HL
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Ftinction

Quantitative lndicatios~

Qualitative

Indication

Status Indication

Tracking

Gc,leral

n 01 aurtltory slgnai ty pes to alIIerent lnIormatlon runcrlons.

TYPE OF SIGNAL

TONES
(Periodic)

~

Mwitntlln of 5 to 6

to)>es absollltcly

recogllizab le.

POOR-TO-FAIR

Difficult to ~udge

approximate value alld

direction of deviation

from null setting unless

presented in close

te~nvoral scauellce.

~

SVati and stop ti>l?ing.

Continuous in fOrmatiOll

where rate of clla)lge of

i“g.t is low.

~

Null position easily

monitored; problem of

signal-response

compatibility.

Good for allto,llatic

cotntnt]nication (If li]nitei!

i“f<>r”]atioll. Meaning

~n. st be Icarncd. Easily

generated.

COMPLEXSOUNDS
(Non-Periodic)

~

]ltirpolation betwee!l

;igtlfils il>accti rate.

~

Difficult to iudge

approxilnate deviation

from desired value.

~

Especialy sllitable fi]r

irregularly occurring

sig], als (,:.g.. Alarm

Signals).

=

Required qualitative

indications difficult to

prove.

So(ne sounds available

,vitb co,lllnoII )nca)l~,]g

(e.g., Fire Bell). Easily

generated.

SPEECH

~

Minimum time and error

i]l obtaitling exact value ill

tcrtlls cc]tnpatible with

response.

~

Information concerning

displacement, direction,

and rate presented in form

compatible with required

response

~

lt]efticietlc inore easily

masked; problem of

repeatability.

m

Meaning intrinsic in

signal.

Most effective for rapid

(but bli>t automakic)

communication of

conlplex, multi-

dimensional information.

Meani~lg intrinsic in

signal ad context when

standmdized. Minimum of

new learning required.

8.3.4 Speech

Much of the information in a TMC must be transmitted by speech. Some will be direct
and unaided, some via loudspeaker (though this should be rare speech), some through
headsets and other hardware. In some cases, computer-generated speech maybe used to
alert the operator or to provide status information. Verbal messages carry potential for
ambiguity and confusion, and this problem is particularly acute for speech transmitted
through electronic media. We suggest the following general guidelines:
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8/63 Word Selection (Recommendation; 125)

In selecting words and phrases for use in recorded auditory warning
signals, priority should be given to aptness, conciseness, and
intelligibility. Messages should be tested for these factors before
implementation.
One TMC conducts focus group tests of traffic messages to ensure that
their content and meaning are clear before they are implemented.

How DISTRACTING is DISTRACTING?

Auditorywarningscan be— and should be— distractingenoughto be noticeable.
Sometimesthis is amazinglydifficult.One tragicexample is of an airlinerthat crashed in the
Evergladesseveralyearsago. The flight crewwas so busyevaluatinga landinggear warning
light that it failed to realizethe automaticpilot had shut downand the aircraftwas losing
altitude.The “black box” flight recordingincludesthe clearsoundof the ground proximity
warning— a distractinghornlikesound— that mightbe expectedto command immediate
attention,but was ignoredby the preoccupiedcrew.

A commonfate of a distractingauditorywarningis illustratedbythe TMC crew that solve the
problemof false alarms in the systemsimplyby turning it off.

8/64 Speech Signal Characteristics (Principle; 125)

Speech signals should fail within the range of 200 to 6100 Hz; audio
signal power to the listener’s ear should be approximately 300 mW;
signal-to-noise ratio should be at least 5:1.

8/65 Verbal Warning Content (Principle; 125)

A verbal warning display should consist of (a) an initial alerting
signal (nonspeech) to attract the listener’s attention and to designate
the general problem, and (b) a brief, standardized speech signal
(message) that identifies the specific condition and suggests the
appropriate action to follow.
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8.3.5 Microphones and earphones

Headsets incorporating Inicrophones and earphones are used routinely in TMC’S for
speech communication. Telephone style handsets are also used where hands-free
operation is not a requirement. The following guidelines are commonly accepted for these
speech communication items:

8/66 Earphone Freq~ency Requiremenl~s (Principle; 38)

For all types, minimum acceptable frequency range is 250-4000 Hz;
the system should respond optimally to 200-6100 Hz. Where several
speech channels are to be monitored simultaneously, frequency
range should be ! 004800 Hz.

8/67 Comfortable Handle (Principle; 125)

The handset handle should be designed to fit comfortably in at least
90 percent of operators’ hands.

8168 Talk Switch (Principle; 125)

When a talk switch is provided, it should be configured for easy use
by either hand.

8/69 Telephone Cords (Principle; 125)

Use coiled or retractable cords to minimize cord tangles.

8170 Handset Weight (Principle; 38, 125)

The total weight of a handset should not exceed 284 g to 312 g (10 to
f 1 Oz).



8/71 Handset Stability (Recommendation; 125)

Handset bases should be designed so that they are not easily
displaced. Consider the use of rubber feet, suction cups, and/or
other special holding devices to prevent unintentional sliding on the
console surface.

8/72 Microphone Response (Principle; 125)

Microphones should be designed to have smooth frequency
response between 200 and 6100 Hz and a dynamic range great
enough to admit a minimum of 50 dB variation in signal input. A
close-talking microphone should not overload with signals as high
as 130 dB.

8173 Headsets (Principle; 425, 38)

Headsets should be:

Completely adjustable for comfort.

Lightweight, with minimum tension to hold the earphones
snugly against the head.

Constructed so that no metal components touch the head.

Provided with a padded noise seal cushion large enough to
cover the ear without pressing on it.

8174 In-Ear Headsets (Obsewation)

If in-ear headsets are used, each operator should be supplied with a
personal headset.
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CHAPTER 9: CONTROLS AND INPUT DEVICES
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9.1 Controls and the Human/System Interface

Controls allow an operator to select, guide, or influence operations of the system.
Whereas a wealth of literature is dedicated to the ergonomics of controls, only a small
percentage deals with issues specific to control room environments. Consequently, the
control and input device Widelines in this chapter address issues most relevant to the
TMC.

Many of the concerns surrounding TMC controls arise from the designers’ needs to
develop usable computer interfaces. Standards for such interfaces are a relatively receut
addition to the design guidelines literature. As such, they maybe subject to modification,
h addition, requirements for TMC information systems change frequently. At this stage
in their evolution, TMC information systems are undergoing a transition from traditional
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command-line interfaces that rely exclusively on keyboard control to menu and window
environments for which mice and trackballs are typical control devices.

Such a major shift in interface design philosophy impacts TMC design. New control
devices contribute to workstation clutter and create new requirements (for example, room
for a mouse pad). Selection of appropriate control devices becomes more complex as
such devices proliferate.

The initial guidelines in this chapter deal with input devices for computer systems (e.g.,
keyboards, mice, joysticks). The second half of the chapter is devoted to more
conventional controls that might be found in the TMC (e.g., switches on a facsimile
machine, pushbuttons on a communication panel.)

9.2 Guidelines for Information System Controls

Although TMC information systems are now in transition between command-based input
(discussed at greater length in Chapter 11) and interface systems using a mouse or
trackball, the keyboard will not disappear. All systems require a keyboard for
alphanumeric input and will continue to do so until speech recognition systems and
handwriting recognition software become reliable enough for application in high risk
situations. Thus, in the TMC we must consider guidelines for both keyboards and novel
and popular input devices.

9.2.1 Keyboard

While minor adjustments in function key and cursor key arrangement have occurred, a
fairly standard alphanumeric keyboard design has emerged. An appropriate design can be
achieved following some simple keyboard guidelines.

9/? Keyboard Layout (Principle; 4)

Keyboard layout should follow the QWERN design standard.
This layout has become the generally accepted standard. It is familiar to
most operators. While there are alternative keyboards available, the
relearning time for a new layout generally serves to prohibit change.
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912 Numeric Data Entry (Recommendation; fi25)

If a primary task requires input of numeric data, a numeric keypad
should be present.
Most modern keyboards have one. The common arrangement is to the
tight of the QWERTY area and arranged in the adding machine pattern
(rows, from the top, 789,456, 123, O), rather than the telephone style
(123, 456,789, O).

9/3 Cursor Keys Layout (Recommendation; 4)

Cursor keys should be arranged in a cc~mpass-type layout.
Arrangements where up and down arrow keys are aligned vertically and
left and right arrow keys are aligned horizontally are easy to comprehend.
The “cross” and “inveded-~ styles shown in Figure 9-1 are most
common. The box arrangement is more difficult to become accustomed
to. It is easy to miss-position fingers on the wrong row of keys.

BOX lN\/ERTED-T

[

B’H

+

CROSS

Figure 9-1. Cursor arrangements.
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914 Keyboard Adjustment (Recommendation; 4)

Ensure that operators can easily reposition the keyboard on the work
surface.
The keyboard should not be permanently mounted to a table top, counsel,
or unmovable keyboard platform. Operators should be able to reposition
the board to suit their individual work space layout requirements.

915 Keyboard Height (Principle; 4)

Keyboard height should be adjustable.
There is no set height, as this will vary with operator size and back angle.
Height is measured for a given station as the perpendicular vertical
distance from the horizontal support surface (table top) to the geometric
center of the top key strike area in the home row [A-L] when the key is in
the up (non-depressed) position. Note that the typical height of a wtiting
desk top is too high for most keyboard users, and extensive use of a
keyboard at that level can cause work-related health problems.

916 Keyboard Slope (Principle; 4)

Place the keyboard slope between O and 15 deg from horizontal.
Note that an increase in slope causes an increase in height. Whereas
slope is often perceived to be a matter of personal taste, the reason for
the slope recommendation is to prevent an unhealthy bending of the wrist
that can increase pressure in the carpal tunnel of the wrist and contribute
to carpal tunnel syndrome. For this reason, ANS1/HFS 100-1988
recommends a slope of O to15 deg. ‘4)

917 Keyboard Surface (Principle; 4~

The keyboard surface should have a spectral reflectance (gloss) less
than or equal to 45 percent when measured by a 60-deg gloss
instrument or equivalent device.
Keyboards — and, by extension, all computer equipment, should cause
minimal glare.
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9/8 Key Symbol Height and Luminance (Principle; 4)

Key symbols should be a minimum of 2.6 mm (0.1 in) in height and
have a minimum luminance modulation of 0.5 (contrast ratio of 3:1).
Key nomenclature may be darker or lighter than the background.
Most keyboards now in use exceed this standard. Many older keyboards
still in use in legacy TMC systems have high-gloss key surfaces. These
are easy to keep clean, but because of their smoothness and the concave
top surface, they can present glare problems.

9/9 Stroke Surface Nldth (Principle; 4)

The minimum horizontal stroke sufiace width of a key should not
be less than 12 mm (0.47 in).

9/1 O Distance Between Keys (Principle; 38)

Center line distances between adjacer)t keys should be betw@en 18
and 19 mm (0.71 and 0.75 in) horizontally and between 18 and 21 mm
(0.71 and 0.82 in) vertically.

9/1 1 Vertical Key Displacement (Principle; 4)

Keys shall have a maximum vetical displacement between 1.5 mm
and 6.0 mm (0.06 and 0.24 in).
The preferred displacement range is between 2.0 and 4.0 mm (0.08 and
0.16 in).

9/1 2 Key Resistance (Principle; 41,

Maximum force to depress keys shall be between 0.25 N (Newtons)
and 1.5 N (0.06 -0.34 poundforce (Ib~]l.
The preferred force is between 0.5 N and 0.6 N (0.11 and 0.14 Ibf). One
Newton (N) is approximately equal to 0.225 Ibf.
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9/1 3 Key Actuation Feedback (Recommendation; 85)

Actuation of a key shall be accompanied by either tactile or auditoW
feedback or both.
Tactile feedback is preferred as it provides a manual sensation of the key
“clicking into place” by a sudden reduction in key resistance as the
keystroke is completed.

KEYBOARDS ANDMECHANICALFEEDBACK

Earlyportablecomputerssavedspace by usinga pressuresensitivemembranekeyboard,which
essentiallyhas no mechanical(tactile)feedback,Humanoperatorsneed mechanicalfeedback to
minimizekeying errors. The membrane pads were a resounding failure from a human
performance viewpoint. However, some membrane pads are used in industrial process control
computers in factories where protection from contaminants is the highest priority.

9/14 Keyboard Stability (Recommendation; 4)

Ensure that the keyboard is stable during normal keying operations.
The keyboard should not shake or slide while in use.

9.2.2 Mouse guidelines

The mouse, now a widespread input device, is part of an interface philosophy that is
displacing the keyboard command-based interface. The mouse is designed to fit
comfortably under the hand. A number of vendors offer ergonomic shapes for the left or
right hand. The mechanical mouse transmits a relative cursor location to the screen. The
cursor movement is activated by the movement of the roller, not by the mouse’s position
on the horizontal surface. An optical mouse with a digitizing tablet, by contrast, shows
absolute cursor position corresponding to mouse position on an electronic grid in the
tablet.

9/15 Mouse Orientation (Recommendation; 38)

Design of the mouse and placement of the maneuvering surface
shall allow the user to consistently orient the mouse to within +/- 174
mrad (1O deg) of the desired orientation without visual reference to
the mouse.
This applies to all similar pointing devices (mouse, digitizer tablet,
trackball, etc.).
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9/1 6 Mouse Dimensions (Recommendation; 38)

Mouse dimensions should be generall}r as shown in Figure 9-2.
These recommendations were developed before the mouse came into
such common use. Standards based on more extensive experience may
be available. Because mice are inexpensive, consider allowing the
operator to experiment with alternative designs.

/ 16“ TO 2.8:
{4 TO 7 C~I)

Figure 9-2. Recommended mouse dimensions.

9117 Mouse Pad Location (Observation)

Allow space for the mouse and mouse pad, if these will be used, in
the dimensions of the work surface.
A mouse requires a space of 20 x 25 cm (8 x 10 in) for movement. Some
operators also prefer space for the hand and wtist. Remember that left-
handed users will want to place the mouse and pad on the left side of the
keyboard.
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9.2.3 Trackball

A trackball is generally used when there is insufficient space for a mouse. Since the
trackball and housing are stationary, and all movement is contained within the ball
housing, it can be packed into a snug space (some new versions are embedded in the
keyboard or clip to the left or right edge).

Trackballs generally are used to provide zero-order (position) control under which a given
rotation of the ball provides a proportional movement of the cursor. It may also be used
under first-order (rate) control under which cursor movement is proportional to the rate of
ball rotation. If so, the operator should also have the option of selecting zero-order
control.

9/1 8 Trackbali Rotation (Recommendation; 38)

The trackbali should rotate smoothly in any direction.

9/1 9 Cursor and Trackball Movement (Recommendation; 11O)

The trackball should be free of backlash or cross-coupling.
Backlash is a control system response in which the direction of movement
is momentarily reversed when the movement of a control is stopped. In
simple terms, the movement of the cursor shall match the movement of
the ball without apparent mechanical slippage. Cross coupling occurs
when X and Y movement are not independent. In the case of the
trackball, this would cause erratic movement of the cursor in response to
movement of the ball.

9/20 Trackball Cursor Positioning (Recommendation; 38)

The trackball should meet the dua[ requirement of rapid, gross
positioning and smooth, precise final positioning.
Both kinds of movement must be easy and intuitive. One approach is to
use a trackball with approximately a first-degree control order in which the
distance moved by the cursor is a function of the speed with which the
controller is moved. Quick control movements produce rapid movement;
slow control movements produce slow, precise repositioning.
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9/21 Trackball Cursor Limits (Recommendation; 38)

The trackbali should not drive the cursor OH the screen.

9/22 Trackball “Selec~’ Mechanism (Recommendation; 38)

The trackball should provide an intuitive “selec~ mechanism. Some
trackballs have no buttons that can be used to select a menu response or
capture a screen icon. If such “selec~ actions are part of the operators’
tasks, the trackball system should include buttons or other trigger
mechanisms.

9/23 Trackball Support (Recommendation; 38)

The trackball workstation should support forearm and wrist.

Recommendations for trackball workstations are in Figure 9-3

9.2.4 Light pen

A light penis a stylus that emits light which can be detected on a video screen. Certain
video screeticontrol card combinations will transmit this signal back to the computer.
This makes the light pen an alternative pointing device for selecting items on the screen,
drawing, or even writing free hand.

Light pens are satisfacto~ when only imprecise input functions are required,
and are most frequently used when the principal task is prima~ data entry.

9124 Light Pen Dimensions (Recommendation; 38~

As shown in Figure 94, light pen length should be between 42.0 and
18.0 cm (4.7 and 7.1 in) and diameter should be between 0.8 and 2.0
cm (0.3 and 0.8 in).
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II Dimensions I Resistance I Clearmce

i I D

I
A Precision

Diameter Surface Required

Exposure

(4 in) (120 deg) (0.068 lb~

Vibrationor

I

s

1

c
Acceleration Displayto Around

trackball Ball

I o I Somm
(2 in)

-1-1-

F
Ball to

shelf front

120 mm
(4.68 in)

250 mm
(9.75 in)

Figure 9-3. Recommended trackball workstation dimensions
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9/25 Stylus Cursor (Recommendation; 38)

Movement of the stylus in any direction shall result in smooth
movement of the cursor.

+/
~ 0.76,.,02.0 cm

(0.3 into 0.8 in)

F~gure 9-4. Recommended light pen. dimensions,

9/26 Stylus Placement (Recommendation; 38)

Wth the discrete placement of the stylus at any point on the display,
the cursor should appear at that point.

9127 Stylus Feedback (Recommendation; 38)

Provide onscreen feedback of cursor placement and a signal
indicating stylus actuation.
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9128 Refresh Rate (Recommendation; 38)

The screen refresh rate shall be suticiently high that the cursor
appears to be continuously moving in conjunction with the stylus
point.

9/29 Stylus Resting Location (Recommendation; 38)

There should be a clip, preferably on the lower right side of the video
display, to hold the stylus when not in use.

9.2.5 Joystick

A typical application of a joystick controller in the TMC is for aiming a remote CCTV
camera. The joystick is a natural device for this task because its movement is intuitive,
and displacement of the stick can be mapped directly to the resultant movement of the
camera. h this application, the joystick should be located on the same housing as zoom
and focusing controls, and clearly labeled.

9130 Joystick Movement (Recommendation; 38)

The joystick should be movable through an angle of less than or
equal to 45 deg in any direction from vertical. (See Figure 9-5)

90° M~lMUM

Y
ZONE/ ROTATION

Y

SWITCH

L
II
II n

L~ST PREFERRED -- AWWARD,

EASY TO DISTURB STICK

POSITION WHILE OPERATING

sWITCH -- PLACE SWITCH FOR

oPE~TION WITH OTHER HAND.

Figure 9-5. Joystick guidelines.
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9/31 Joystick Cursor Movement (Recommendation; 38)

There should be no noticeable backlash or cross-coupling.
Movement of the cursor shall match movement of the stick without
apparent mechanical slippage or erratic movement of the cursor in
response to stick movement.

9/32 Joystick Positioning (Recommendations; 38)

Control ratios, friction, and inertia shall meet the dual requirements
of rapid gross positioning and precise fine positioning.

9133 Joystick Response Delay (Recommendation; 38)

Delay between control movement and {display response should be
less than or equal to O.~ sec.

9/34 Frequent Use of Joystick (Recommendation; 38)

Forearm and wrist suppoh should be provided if frequent use is
required.

9/35 Joystick Stability (Recommendation; 38)

Mount joystick to prevent slippage, movement, or base tilting.

9.2.6 Touch screen

Touch screens are useful for simple, intuitive inputs such as switching among menus or
selecting icons. Their use is often strongly recommended on graphical or map displays.
They are, however, not suitable for fine input because the touch-responsive areas must be
large enough to accommodate the rather inaccurate placement of a fingertip. Other
problems include glare, decreased screen brightness, and the difficulty in maintaining a
clean screen surface due to oily fingerprints. Recommended design, spacing of actuation
areas, and resistance are shown in Figure 9-6.
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T1.6 cm to 3.8 cm
(0.63 into 1.5 in)

0.3 cm to 0.6 cm
0.13 in to 0.25 in *

------- ;
,
!
, #

I
!
z

:>

ACTUATION---1----- AREA
----;---

,

\ RESISTANCE:
250 mN to 1.5N

(0.056 Ibfto 0.33 lb~

Figure 9-6. Recommended touchscreen control design.

9.3 Guidelines for Closed Circuit Camera Control

Closed circuit television (CCTV) cameras are a primary source of information for traffic
monitoring and incident detection and verification in most modem TMC ‘s. Typically, the
operator has camera controls used for:

e
8
e
e
e
@

Selecting a given camera image.
Assigning that image to a given monitor.
Panning the camera.
Tilting the camera.
Zooming the camera.
Focusing the camera.

CCTV CONTROLS

One early-generation TMC employeda matrixof buttons for camera control. The rectangular
plastic buttons were clearly labeled and backlighted. However, thearrangement of the buttons
wasnotat a[[intuitive. The functions hadsimply been assigned in order, reading right toleff, top to
bottom, with no thought to making their placement appropriate to their functions. (At the very least,
weshould expect them to rearranged like key board cursor keys. )As isusually the case,
operators conquered bad design by practice. Butthepoor arrangement of thekeys made it
necessary to keep glancing back at the control panel andaway from the monitor, which slows the
action considerably and causes frustration in finding an accurate point of aim.
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Devices for controlling the cameras from the TMC include keyboards, button boxes,
joysticks, mice, touchscreens, or trackballs. The design of the interface call have
significant effects on the operator’s workload and error rate. Guidelines based on the
authors’ experimental research are summarized below:

9136 Touchscreen Selection (Recommendation)

If a touchscreen is used to select trafic camera views from among
icons for multiple cameras, ensure adequate icons size and icon
separation.
Section 9.2.6 provides dimensions for icon separation and icon
dimensions. In touchscreen research that populated maps with numerous
camera icons, high error rates were reported. Errors included touches that
selected the wrong cameras and touches that altogether missed camera
icons.

9/37 Camera Selection Icons (Recommendation)

A mouse intetiace is effective for traffc camera selection when
cameras are represented by small icons, especially when the space
between icons is small. Another alternative when icons are small or
close together is to use a numeric keypad or keyboard to enter
camera identifiers.
If a keypad is used, it should contain the 10 numerals, an “Ente~ key,
editing keys (e.g., Delete, Backspace), a[ld any keys necessary to perform
specialized functions associated with camera operation.

9/38 Keyboard-based Camera Selection (Recommendation)

Keyboard-based camera selection shc)uld use logical and meaningful
identifier strings for the cameras.
A meaningful identifier string might use road route number and milepost,
for example. Avoid arbitrary identifier strings that are unrelated to camera
location.



9139 Keyboard and Mouse Camera Control (Recommendation)

Keyboard and mouse interfaces are recommended for controlling
remote cameras.
The mouse is the most effective device for selecting a camera from a map
display, but not necessarily for controlling the camera itself. Keyboard
interfaces allow operators to make the very precise control movements
that are necessary to orient cameras. In experiments performed by the
authors, the keyboard was found to be effective in both selecting and
controlling cameras, Since keyboards are certain to be part of the TMC
operators’ workstation, their use for camera control would not require
additional interface equipment or “boxes” on the console.

9/40 Rate of Panning (Recommendation)

A nominal panning rate of approximately 12 deg per second for both
azimuth and elevation allows the operator to accurately control the
camera without taking undue time.

Unlike manually controlled cameras, preset cameras are designed to step automatically
between a limited number of views. Typically, one control action (e.g., a single button
press) quickly rotates the camera to the next programmed view. These preset locations
may be individually programmed for each camera location due to differences in
topography and road geometry,

9/41 Manual versus Preset Cameras (Recommendation)

Cameras with preset views are more efficient to operate than manual
cameras.
Manual cameras require much more manipulation than preset cameras.
Continuous joystick manipulation or button presses are required to control
the manual camera whereas a single joystick movement or button press
will create the same response with a preset camera.

9/42 Prima~ Preset View (Recommendation)

The preset camera should rotate through a full 360 deg. There
should be a primary view for each direction of the roadway.
For example, for a camera along a north-south route, the primary view for
the north direction should give the best possible view of both northbound
(receding) and southbound (approaching) traffic.
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9/43 Preset View Control (Recommendation)

Controls for preset cameras should facilitate the quickest possible
turn to the primaW preset view of the other direction.
Much of the efficiency of the preset is the ability to rotate the camera more
efficiently toadifferent view. Asingle control action should be available to
turn the camera to parallel the roadway from any position.

9/44 Preset Angle Selection (Recommendation)

Presets shouid be implemented to rotaite the camera through a
selected series of views that are likely 10 show incidents, and not as
a linear sequence of views in which each control action turns the
camera the same number of degrees.
Figure 9-7 shows one recommended preset arrangement including the
camera response to various control movements.

9/45 Lefi vs. Right Preset Angles (Observation)

Control over preset views should be implemented so that left and
right control movements cause the CC-rV view to shift to the next
available preset view to the left or right respectively.
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Figure 9-7. Possible preset camera views.

9/46 Preset and Manual Control (Recommendation)

Camera control should combine both manual and preset control into
a hybrid controller.
The disadvantage of preset cameras is that there may not be a preset
view that gives a clear viewing angle toward an incident location. The
primary advantage of manual control is that the camera can be precisely
positioned to any location. The best interface is one that allows the
operator to step between several presets, then switch to manual control
for precise camera pointing.
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9/47 Hybrid Camera Operation (Observation)

Manual control of hybrid cameras should use a continuous
controller.
There are at least two ways of implementing the manual control capability
on a combined manual and preset camera for precise positioning. First,
the camera may rotate slowly for as long as the controller is pressed.
Alternatively, the camera may move a small amount (e.g., 0.1 deg) each
time the controller is “pressed,” usually requiring many control movements
to move the camera to its desired position. Operators who use the latter
option have expressed a strong preference for the former.

9.4 Guidelines for Variable Message Sign Cont]:ol

Variable message signs (VMS) or changeable message signs (CMS) area primary means
of communication between the TMC and the driver. Under normal traffic conditions, the
VMS sign is either blank or, in a few centers, it contains a generic message such as a safe
driving admonition or the distance to the next exit. When drivers are to be warned of an
emergency, advised to change routes, or guided to a patiicular location, an appropriate
message is posted.

A VMS system is difficult to manage properly. One limitation of the sign is the small
number of characters and words that can be displayed ;~tone time because of space
limitations and to the brief reading time (typically less than 8 seconds) available to the
driver.

There are numerous alternative methods for fhe operator to select and post a message. h
some centers the operator composes messages at the keyboard. h other centers,
automated systems are used to help the operator select and post messages. From the
perspectives of driver expectation and public confidence, it is important that the usage
and wording of VMS systems are consistent within the TMC, and that messages are
accurate and timely.

9/48 VMS Procedures (Recommendation)

Develop and publish a manual of procedures defining when and how
the VMS system should be used.
The procedures should define when the VKJS should be used, appropriate
messages to be posted, guidelines for message composition, and
guidelines for altering and deleting messages. To ensure that
recommended VMS messages are clearly understood, focus groups of
local drivers have been used in some jurisdictions to test the clarity and
understandability of various messages,
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9149 VMS Selection (Principle; 119)

VMS should be used when there is a specific message that must be
communicated to the driver.
A VMS should be used if: (f) drivers are expected to take a particular
action, (2) the message is considered critical, (3) the message accuracy
has been confirmed by a reliable source, (4) conditions can be monitored
so that the sign can be updated as soon as events allow, and (5) the
message does not tell drivers something that is already obvious.

9/50 Outdated Messages (Principle; 119)

Messages that are no longer true or necessary should be updated or
discontinued.
Messages should be updated if (1) a change in dtiver behavior is no
longer required, (2) the message accuracy is questionable, (3) the
information on the sign is obvious, (4) too many drivers are ignoring the
information, (5) the amount of delay changes significantly, or (6) the
recommended alternate route changes.

k centers employing freefom (non-programmed) keyboard ent~ of VMS messages, a
template of the VMS sign maybe displayed on the computer monitor to assist the
operator in formatting the message to fit appropriately on the sign. k some cases, the
TMC may have a working scale model of the sign posted on a wall so that operators
know exactly what the posted sign will look like. This interface should provide a
capability to produce models of multiple- screen messages.

9/51 VMS Message Length (Principle; 149)

The VMS message should not exceed two screens in length.
VMS messages may be presented on pairs of screens flashed on the sign
in sequence. The length of the message should not exceed two screens;
One screen in length is better due to the limited time available for the
driver to read the message.

Many VMS systems provide the operator with a menu of “approved’ phrases that maybe
combined to produce VMS messages. The operator selects the set of phrases that best
present the appropriate message. More advanced and more highly automated systems use
some t~e of rule-based expert system to prepare an appropriate response plan (messages
for all related VMS signs) and either post the messages or present the messages to the
operator for approval or modification. Discussions with operators of such systems found a
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broad range of personal philosophies on when the operator should override the
automation.

Two DIFFERENTVMS PHILOSOPHIES

The authors interviewedtwo experiencedoperatorsat a highlyautomatedfreewaymanagement
center. Duringeach interview,the operatorswere askedto show us howthe responseplan
messagespostedon overheadsignscan be revisedif ihe operatordeterminesthat they are
incorrect.The first operatorshowedus howsuch modificationscould easilybe accomplishedand
stated that this was a very frequent task. Asked the same question,the second operator stated
that it was not possible to modify the computer-generated response plan and that, even if it could
be altered, this should never be done due to potential Iiatility issues.

During experimentation, operators using automated suppoti systems allowed the
automation to post incorrect VMS messages on approximately 75 percent of incorrect
messages (i.e., they detected 25 percent of the incorrect messages). This error rate was the
same whether the message was automatically posted and then checked by the operator or
the message was suggested and then approved by the operator. This was especially true
during periods of high workload when operators tended to “shet’ the VMS monitoring
task to take care of tasks that required operator action.

9/52 Automated System (Recommendation),

Design for impetiect operator supewision of au%omated support
systems.
During periods of high workload, operators supervising automated VMS
message posting systems tend to accept and approve recommended
messages without carefully checking their accuracy. Automatically
composed messages should contain only moderate warnings and
recommended driver actions (e.g., a strong suggestion to divert to
alternate routes should not be posted automatically unless an incident
substantially reducing tra~c flow has been detected and verified. )

k spite of this relatively high tolerance for operator error, experiments found that VMS
systems using automated response plan message posting resulted in significantly faster
VMS responses to incidents and significantly faster clearance of incident-related traffic
congestion. For this reason, filly automated posting of VMS messages according to a
predetermined response plan or response algorithm is recommended. The operators
should, then, have a capability to modify incorrect messages.
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9/53 VMS Automation (Recommendation)

The design goal for a VMS management support system should be
fully automated message posting with a capability for the operator to
modi~ messages after they are posted.
From the perspective of operator performance, automated VMS posting
provides the most rapid message posting with no significant increase in
operator error rate.

9154 VMS Inputs (Recommendation)

Automated posting of VMS incident messages should be based on
all available data, from both automated sensors and human sources,
Many automated VMS systems use traffic flow data to detect potential
incidents and establish response plans for VMS posting. Higher reliability
can be obtained if the automated suppoti system uses operator
verification data and any additions or modifications to traffic flow data
entered by the operator.

Even with automated posting of VMS responses, the operators should maintain situation
awareness of the status of VMS assets. VMS status displays must be designed to promote
easy interpretation and strategic understanding of system status. This is especially true
when multiple operators may be responsible for VMS operations. The following
guidelines address this need.

9/55 Field Device Status (Recommendation)

Provide the operators with a resource map that shows the location
and status of all sensors, cameras, VMS’S and other TMC resources.
In addition to other data, it should indicate whether each VMS sign is
currently in use. Before implementing a response plan for a specific
incident, all related signs should be checked to ensure that they are not
displaying an important earlier message for a different incident. This can
be checked easily by indicating sign status on the TMC resource map.

9/56 Response Plan Display (Observation)

Provide a display on the resource map that allows the operator to
see the entire top-level response plan (the messages on all signs
involved in an incident).
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9.5

9.5.1

9/57 Incident and VMS Display (Recommendation~

The operator’s situation display should show where the incident is
located in relation to the VMS signs to be used in the response plan.

915a incident and Direction of Travel (Observation~

On any status map of a divided highlNay, display unambiguously the
direction of travel on which the incident is located.
Operators typically have difficulty identifying the direction of travel of an
incident and remaining aware of this during periods of high workload.
Showing this information on the situation display supports operator
awareness,

9/59 VMS Status (Recommendatior$

Provide an easy way for the operator to modify or discontinue a VMS
response plan or individual message that is no longer appropriate.
To maintain public trust in the VMS system, messages must be timely and
accurate. To support this requirement, Inodification or discontinuation of:]
message must be easy for the operator, and thus reduce the possibility
that this task will be “shed” during times of high workload. One approach
would be a computer interface in which a mouse “click” on a VMS sign orl
the map display would bring up a screen menu. This menu would provide,
at a minimum, alternatives to “MODIFW or to “DELETE” the message on
that sign,

Traditional Controls

h addition to unique information system controls (as discussed in the previous sections),
designers may need to use more traditional controls, from knurled knobs to cranks and
handles. The most common TMC controls will be those that change the status of a
subsystem (ON/OFF controls or choices from a series of possible alternative states, such
as telephone push buttons). The general guidelines for their use follow.

Push buttons

Push buttons are used to make discrete choices of status or to exercise control of
movement or other continuous variables at a steady rate (as with cursor keys or push
button control of CCTV cameras). Figures 9-8 and 9-9 illustrate guidelines for push
button design.
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9/60 Push Button Diameter (Principle; 38)

The smallest push button diameter for bare-handed use should be
no less than 0.64 cm (0.25 in).

9/61 Button Extension above Panel (Principle; 38)

The button should extend far enough above its panel so that, when
depressed, some of the button remains exposed above the panel.
This will ensure that the operator will be able to push the device far
enough to make contact.

9/62 Push Button Design (Principle; 38)

When button diameter is approximately 1.9 to 2.5 cm (0.74 to 1.0 in),
it is helpful to add a concave top to the button so that finger
centering is easier.

9/63 Location &d (Principle; 38)

If it is necessaW to have an additional location aid (as in a button
that is in a dark area, below a work sutiace, or some other location
where visibility is limited), a tapered recessing bezei like that found
on doorbells is helpful.

9164 Emergency Button Size (Principle; 38)

If a button is used for an emergency stop or for some other task that
must be accomplished with a minimum of time and effort, the button
should be larger than other surrounding buttons (See Figure 9-8).

9/65 Accidental Activation (Principle; 38)

[fit is critical to prevent accidental activation of a button, recess the
button so that its sutiace is below the panel in which it is installed,
with an opening at least 2.54 cm (1 in) in diameter, as shown in
Figure 9-9.
Sides may be tapered to allow activation with less attention to accuracy.
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Figure 9-9. Designs that prevent inadvertent activation.
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9/66 Button Separation (Principle; 38)

Buttons should be separated as summarized in Figure 9-10 for most
conditions that will be found in the TMC.

9167 Push Buttons Cues (Principle; 38)

Use button shape as a cue for functional significance, patiicularly
when buttons are used in conjunction with advisoW indicators.
As suggested by Figure 9-11, a round push button, for example, is not
likely to be mistaken for a rectangular advisory indicator.

/
Arrangement A B c F r

V(
(N
e.y., VII v

H0ti20nt
(N- “--
G,

w

etical Plane
to Glows)

l,9cm 1.6 cm 0.48 cm 0.64 cm 5.?2 cm 1.9 cm

‘- val[: ~ (0.75 in) (0.63 in) (0.19 in) (0.25 in) (1.25 in) (0.75 in)

al Plane
2.54 cm 2.22 cm 1.11 cm 1.27 cm.“ “,”*S) 3.81 cm 2.54 cm

, -g., on desk: (1.0 in) (0.875 in) (0.4375 in) (0.50 in) (?.50 in) (1.0 in)

Figure 9-10. ~~nimum button separation.

9/68 Labeling Buttons (Principle; 38)

Use backlighted rectangular buttons for controls that must be
labeled.
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9/69 Contrast Ratio of Labels (Principle; 38)

Contrast ratio of label to background should meet the same
standards as that for other labels (3:1 minimum).
(See discussion of contrast in Section 8.2,5,)

9/70 Push Button Activation (Principle; 38)

Forces required to activate push buttons should be in accordance
with Table 9-1.

Non-Adviso~

Room for

Adviso~ <

Lables

—

‘n

Figure 9-11. Relate button shape to function.



Table 9-1. Minimum and maximum pushbutton activation forces.

RESISTANCE

SINGLE MULTIPLE THUMBOR
FINGER FINGERS PALM

MINIMUM 2.8 N (0.63 Ibf) 1.4 N (0.32 Ibf) 2.8 N (0.63 Ibf)

MNIMUM 11 N (2.5 lbf) 5.6 N (1.26 Ibf) 23 N (5.2 Ibf)

9.5.2 Contact switches

The contact switch performs the same functions as a push button, but since it uses a
pressure-sensitive substrate rather than a mechanical switch to sense activation, it
provides no inherent feedback to the operator. Contact switches are most frequently used
for noncritical functions. Contact switch panels require frequent cleaning. It is not
visually obvious that the contact switch is a switch and not a display. Contact switches
may be used with the following qualifications:

9/71 Switch Activation Feedback (Principle; 125)

Provide clear visual or audito~ feedback of switch activation.
A light behind or adjacent to the switch or a click or beep is adequate in
most cases.

9172 Switch Boundaries (Principle; 125)

Provide clear graphic delineation of switch boundaries (Figure 9-12).

9/73 Recognition of Contact Swit6hes (Principle; 125)

Ensure that operators can easily distinguish contact switches from
purely visual displays.
Contact switches, for example, should be of the same size, shape, and
color of corresponding mechanical buttons.

9-28



9.5.3 Key pads

Key pads are most frequently used for quick input of number sequences, as with a
telephone keypad, The suggested size and spacing of such arrays is shown in Fi&re 9-13.

Rgure 9-12. Contact switch.

, ~;pg , 123 789
0 - ABC DEF

0064 cm
456 456

1.746cm

m~n+ 789 123

Hmm A B
TELEPHONE CALCULATOR I

❑ mn
Figure 9-13. Recommended keypad size and spacing.
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9.5.4 Rocker switche5

Rocker switches can be used for up to three discrete positions (e.g., off, low, high). They
have an advantage of providing constant visual and tactile feedback on switch position.
They perfom the same function as toggle switches, but offer better possibilities for
labeling and visual feedback; they are particularly preferred when the switches are
arranged in a horizontal line. Guidelines for rocker switches are:

9[74 Switch Design (Princip[e; 125)

As shown in Figure 9-14, switches should be designed so that the
slope of the handle from the nominal plane is approximately 30 deg,
and the nominal plane of the switch should be at least 0.32 cm (0.125
in] above the plane of the panel on which the switch is mounted.

9/75 Separation of Switch Centerlines (Principle; 125)

As shown in Figure 9-44, switch centerlines should be separated by
a distance of no less than 1.9 cm (0.75 in),

9176 Switch Resistance (Principle; 125]

SWifch resistance should be between 2.2 N and 3.3 N (0.50 lbf and
0.74 lb~.

9/77 Rocker Switch Feedback (Principle; 125)

Rocker switches should be designed to snap into place with an
audible click.

9178 Labeling and Coding of Rocker Switches (Principle; 425)

Rocker switches may be labeled and color coded.
Labels and colors should be in accordance with guidelines in Chapter 8
with respect to choice of color and contras~legibility,
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,1.9cin (minimum) 0.32 cm

Figure 9-14. Rocker switch design and dimensions.

9.5.5 Other switches

FiWre 9-15 shows a variety of alternatives to the common switches already discussed,
They are usefil within the following guidelines:

9/79 Switch Resistar}ce (Principle; 38)

Finger-operated swiitches should have a maximum resistance of 8.3
N (1.87 lb~ or less.

9/80 Handle Length (Principle; 38)

The minimum handlf~-length for resistances of 8.3 N (1.87 lb~ or less
should be about 2.5~$cm (1 in). lncre~=e handle length for switches
with greater resistance.

9/81 Slide Switch Resistance (Principle; 38)

Slide switch resistarlce should not exceed 2.8 N (0.63 lb~.
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Lever Length Maximum Resistance
[cm, in) (NeWons, Poundforce)

Under 2.54 cm (1 in) 8.3 N (1.88 Ibn
&

3.81 cm (1.5 in] 13.4 N ~3.olb~

w07x
25cm

064 cm (1 OIn) mlmmum
(O251n)

O25 in) Diameter

a :k&;DL
25cm
(1 In) B60”

25”

d

Figure 9-15. Other switches.
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CHAPTEF~ 10: THE WORK SPACE
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10.1 Ergonomics and the Workc Environment

A traffic management center (TldC) operator must interact with a variety of subsystems
in the physical environment. The design of work spaces for comfofiable and efficient
human use has received attentio~l in recent years, but the attention has been somewhat
superficial, often limited to the purchase of ergonomic work chairs, desks, hand tools, and
other such accessories, This chapter will deal with the :guidelines for making a TMC a
comfortable and productive worlk environment.

The topics fall into three areas: the physical environment, architectural considerations,
and furnishings. The division is arbitrary because, as we will see, the design components
are interactive — choice of a lunninaire will, for example, influence antiglare features,
and heat-emitting propetiies of equipment will affect the overall heating, ventilation and
air conditioning (HVAC) plan, ttomention only two dependencies.
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Many of these considerations can be best addressed by engaging an architect experienced
in the design of facilities that house advanced control rooms. The architect can ensure that
the facility conforms to standards of design including local building codes. This chapter is
included to help the TMC design team understand some of the important design questions
that the architect will raise for their consideration and evaluate the adequacy of the
architect’s solutions.

Because these factors will converge when the TMC begins operation, planning for the
total system, including human engineering guidelines, must begin early in the design
process — perhaps even before the architect is hired.

10.2 The Environment

The first consideration is the work environment: lighting, acoustics, and atmospherics.
Most of these dimensions have very clear and strict standards,

10.2.1 Lighting

Traffic management centers in North America will, as a rule, employ artificial rather than
natural light. The overall illumination of the center is a critical factor in design and
practice. It should be specified early irr the design process.

There are two types of artificial lighting:

@ General illumination is used for the center as a whole, and provides illumination
for safe movement, obsemation, and maintenance.

@ Supplementary illumination is used for special tasks and areas in which general
illumination is insufficient for reading and paperwork.

In the TMC, the question of interaction bemeen general and supplementa~ illumination
is critical. A control room is frequently provided with relatively dim general illumination
because of the nature of the tasks and displays. Viewing a large situation map with LED
signals or a bank of CCTV monitors, for example, is not compatible with high levels of
general illumination, but individual operator tasks may require reading or detailed work
for which dim general lighting is insufficient. For this reason, the lighting scheme and
choice of luminaires must be viewed as an integrated whole, and not designed piecemeal.

The luminaire. Each light source that provides work area lighting, such as general
illumination, spotlights, work station lamps is called a luminaire. The luninaire includes
associated filters, reflectors, and housings as well as the light source. A work space is
served by a complete and complementa~ set of subsystems. If this is forgotten, and
lighting is not coordinated with other subsystems, the results maybe unsatisfactory. Each
new addition will upset the effects of others, causing a host of unforeseen problems.
Unplanned supplementary illumination may, for example, create glare reflectance on a
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video display that cannot be moved or adjusted, The sslection and placement of
Iuminaires should be planned ahead of time, and should mesh with the total TMC work
area plan,

The most critical lighting challenge in the TMC will be tbe conflict between the need for
dim general illumination and higher levels of local illumination. A nearly equal challenge
is the need to plan illumination that will not cause distracting g[are. In general, the

overall illumination should beindirecta ndsomewhatdiffise. Control room ceilings will
usually be higher than standard office area ceilings, but lamp systems often prescribed for
such situations may cause problems. Translucent globes, for example, may be useful for
hotel lobbies. In the TMC, howaver, it would be very [difficult to integrate them into the
overall lighting system without causing distracting shadows and glare.

General illumination may be prnvided in several ways, depending on preference and the
specific TMC configuration.

10/1 Overail Control Room illumination (Recommendation; 38)

Indirect lighting sholuld be employed to provide overall illumination
for the control room.
A variety of standard fixtures is available for indirect lighting. In selecting
fixtures, designers must consider the natu”e of the walls and ceilin!g since
the light must be refle,:ted from these surfaces. Some TMC’S have highly
reflective ceilings. The!se provide efficient illuminance, but the specular
patterns may be distr:lcting, Ceilings of a light color are preferable to
provide adequate diffuse illumination.

10/2 Supplemental Illumination (Recommendation; 38)

Canister fixtures shc~uld be employed t~>provide supQlementaW
illumination over work areas.
These are composed of light sources in recessed positions in the ceiling
or console that can be pointed to specific areas. The likely areas are the
operator console surf:]ces, which can be provided with sufficient light to
allow close work while keeping intrusions into the greater control rc)om
area to a minimum.



10/3 Fixture Adjustability (Recommendation; 38)

Adjustable fixtures should be used in work areas where more
intense illumination is required.
For areas in which writing or reading of fine print is required, units with
flexible mounts should be attached to the consoles and their direction
should be adjustable to allow for different viewing heights and angles.

Illuminance levels. Illuminance level is measured by a small and relatively inexpensive
instrument called a photometer. When ilhrminance (not luminance) is measured, the value
will change as distance from the measuring point to the light source changes because light
spreads as radimt energy.

The measure of light coming from the video display screen is expressed in terms of
luminance in cdmz. To reach an acceptable ratio, it is sometimes necessary to adjust
illuminance until the contrast ratio is satisfactory.

The problem of needing low illuminance for proper screen contrast and high illuminance
for the associated papemork does in fact cause conflicts in desi~ philosophy, as well as
some disagreement on optimum levels. The Illuminating Engineering Society (IES), for
example, suggests 50-100 lux for general lighting where video displays are employed;
this is too dim for many other tasks. This handbook recommends values considered to be
the best compromise.

10/4 Video Display Illumination (Principle; 38)

Where only video display units are employed, illumination should be
200-500 [UX.
This is adequate background illumination for video display work and
occasional reading of large or bold print, but is too dim for close work
requiring reading of normal type and similar activities.

10/5 Paperwork and V[deo Display Work Illumination (Principle; 38)

Where operators will have papework tasks along with video display
work, illuminance should be 500-1500 Iux.
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10/6 General Office Work Illumination (Principle; 38)

For general otice work, an illuminance of 540 to 755 Iux is adequate.
This level provides a good compromise between video display observation
requirements and reading/writing requirements. Illuminance is measured
at the writing surface. Designers should bear in mind that operators who
are forced to shift continually between higher and lower illumination may
suffer symptoms of eyestrain as the eye readjusts repeatedly to the
changes.

Color. Illuminating lights in th,e work place are not generally thought of as having
distinct color. hr fact, the spectral composition of light is an important environmental
factor. The composition of illuminating sources imparts a subtle cast to differen; surfaces
in the work area.

Humans are accustomed to living in an environment of broad-spectrum white light
provided by the sun. In the home incandescent bulbs are used, which have more energy in
the redyellow end of the spectmm, and produce an effect of warmth. h the office
fluorescent light is used and produces a cool effect.

The color of illumination can cause unexpected shifts in the perception of objects as they
move from one luminaire to ar[other. k one case, a laboratory director ordered gray
coveralls for the staff. The laborato~ was illuminated almost entirely with fluorescent
fixtures, and in the laboratory the coveralls appeared gray. However, when the staff went
outside, they perceived the coveralls to be purple.

Manufacturers of dyes, paints, and other colored products generally test them against
colorimetnc standards. There :~rethree common standard light sources used in these tests:
North S~ Daylight, which is a close approximation of sunlight, cooljuorescent, and
incandescent, The appearance of a surface varies with the quality of the incident light;
before agreeing on a color scht:me or purchasing eqti.pment that will be visible in the
TMC, give some thought to how it will look when installed and placed under a l,uminaire.



10/7 Luminaire and Room Color (Observation)

Specify the Iuminaire before choosing a color scheme.
Much control room furniture — including consoles, chairs, and upholstery
— is available in light blue or blue-gray color schemes. Colors will have a
different appearance to the eye depending on the nature of the light
source, so the source should be chosen with care. General lighting will
probably be cool fluorescent. Cool colors (e.g., blue, blue-gray, purple,
blue-green, etc.) will look cooler when illuminated by cool light sources.
Standards for this choice are somewhat subjective, but most references
agree that deluxe cool white fluorescent illumination provides the best
overall color rendering. ‘G)(See also guideline 10/13 on choice of colors.)

Reflectance and glare. There are two categories of reflectance: desirable reflectance
(that is, the amount of luminaire energy reflected off ceiling and walls to light the TMC)
and undesirable reflectance (glare from work surfaces and other sources).

1018 Furniture and Machine Finish (Principle; 6, 67, 1251

Furniture and machines should have a matte finish to keep
reflectance between 25 and 50 percent.
Woodson, Tiilman & Tillman (1992) recommend a reflectance of 30 to 40
percent. ANS1/HFS 100-1988 recommends 45 percent. Percent
reflectance refers to the proportion of light from the illuminating source
that is reflected from the surface in question rather than absorbed. A
matte black surface will absorb most incident light; a polished mirror will
absorb almost none. Because much of the furniture or other equipment
will not be designed from scratch, reflectance should be specified. Most
manufacturers are aware of reflectance recommendations, but
occasionally designers opt for materials that may eventually cause
problems. Above all, avoid glossy surfaces.
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10/9 Light Source Arrangement (Recommendation; 6[

Sources of emitted or reflected light should be arranged so that they
do not cause refle~ttions on video displays.

e

e

@

Lights behirld the observer will cause specular reflectance on
screens. Common examples include illuminated “exi~ signs in the
rear of the cc}ntrol room and light from windows.

Direct lights or bright indirect l~ghts above can wash out
characters alnd reduce contrast ratio.

Light sourcc!s to the front of the operators can cause eye
strain. If the operatofs eyes shift from bright lights to the display
screen and back, the pupil will constantly readjust; this can result in
eye strain and fatigue.

10/1 O Ceiling Reflectance (Principle; 6, 67~

Ceiling reflectance! should be 80 to 9CIpercent.
A high ceiling reflectance is important to suppoti diffuse indirect lighting.

10/1 1 Wall Reflectiince (Principle; 125[

Wall reflectance stlould be 50-85 percent in office areas but
somewhat lower ir~the control room where video displays are in use.
In the TMC control room, wall reflectance is more problematic because of
the various displays whose vlslblllty should have prominence. Scjme

...

TMC’S use dark ancl even matte black walls.

10/12 Floor Reflectance (Principle; 6~

Floor reflectance should be 15-35 percent.

Psychological effects of illumination and color. Little quantitative evidence exists on
the psychological effects of this part of the environment. There are general roles of thumb
that are worth attention durinjg the design stage:
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10/1 3 Color Temperature (Recommendation; 6)

Optimize both the color temperature of the light and the general
illumination level to obtain the appropriate level of perceived
brightness.
Figure qO-q shows theacceptable region (5) forcolor temperature. lfcolor
temperature is above the top line (A), surface colors are distorted and
faded in appearance; if below the lower line (C), they appear cold and
somewhat dim. This should be specified prior to choice of Iuminaires and
colors.

3007 /

A
1oo- Too High

30-

qo

3

1

2000 3000 5000 7000

Nomina: Color Temperature (°Kelvin)

Figure 10-1. Nominal color temperature under different general illumination levels.

10.2.2 Acoustics

HVACANDNOISE

ManyTMC’Shave unexpectedlysevere noise problems. While the ambient noise level from TMC
operations is not generally high, computer fans and the HVACinfrastructurethat keeps the room
cool addagreat deal of distraction. Insomesites, fans, radio messages, andother sporadic noise
cause communication problems, paficularly during traffic peaks.
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Most standards for acoustics are written to cover extreme cases — sound levels high
enough to be hazardous. IntkLe TMC, noise problems aremost likely to result from
distracting alarms or radio and telephone communications by other operators. In some
centers, significant noise levels areproduced bydata processing equipment.

Noise can affect worker com]fort, job satisfaction, and performance. In general,, the
desirable condition is one in which speech interference is negligible. The objective is
balance of sound sources so that local speech is unaffected, but levels are high enough to
mask intmsive noise from adjacent spaces,

For most work places, the following rules on environmental noise apply

1O/f4 Occasiorral [Communication (Prir\ciple; 38~

Areas requiring same telephone use or occasional direct tank at
distances up to 1.5 m (5 ft) shall not exceed 7’5 dBA.
Note how this may {iffect workstation spacing where voice
communications among operators is required.

f 0/15 Frequent Communication (Prirlciple; 38~

Areas requiring frc?quent telephone use or direct talk at distances up
to 1.5 m (5 ft) shall not exceed 65 dBA.
This approximates the noisiest TMC.

10/16 Noise Sources Reduction (Objervation~

Identify possible noise sources during design. These include
machines, telephones frequently in use, loudspeakers, and radios with
speakers. Employ strategies for reducing noise levels including textured or
sound-deadening wall and ceiling materials,

qO/q7 Noise Unrelelted to Operator Activity (Observation

Locate noisy functions that are not tied to normal operator activity in
a separate room or an area enclosed by acoustic partitions.
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10/1 8 Headsets Use (Obsemation)

If noise sources cannot be isolated, use headsets for operators
rather than loudspeakers.

10/19 Communication Area Noise (Principle; 38)

Areas requiring communication without difficulty should not exceed
45 dBA, (e.g., conference rooms, libraries, offices, and command
and control centers.)
This approximates the desired standards for a functioning TMC.

10.2.3 The thermal environment

Operator comfort and performance are affected by temperature and air quality. For TMC
design purposes, there are two areas of concern: general HVAC standards and the effects
of local thermal conditions related to special equipment such as computers and video
displays.

10/20 Personnel Enclosure Ventilation (Principle; 38)

Ventilation shall be assured by introducing fresh air into any
personnel enclosure.
Ventilation requirements for large spaces such as the TMC are shown in
Figure 10-2.
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Figure 110-2.Minimum veutiiation requirements.

10/21 Temperature in Personnel Area (Princ-

Effective temperature should be maintained not less than 18° C (65”
F), and not greater tlhan 29.5° C (85° F).
These boundaries art? rather liberal and temperatures near either extreme
are likely to promote (complaints. The temperature range for personnel in
the TMC should be tailored to their preferences. A temperature of about
21.5° C (71° F) is usually acceptable. However, people vary great~y in their
preferred temperature?.

10/22 Relative Humi~jity in Personnel Area (Principle; 38)

Approximately 45 pe!rcent relative humidity should be provided at 21”
C (70° F). The humidity should decrease with rising temperatures (at
a rate of 2 percent rc?lative humidity per degree F), but should remain
above f 5 percent to prevent irritation and drying of body tissules.
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$0/23 Temperature at Head and Floor Levels (Principle; 38)

The temperature of the air at floor level and at head level should not
differ by more than 5.5° C (10° F).

Equipment thermal standards. In addition to architectural specifications for the TMC
that delimit the HVAC requirements, designers should keep in mind the effects of
equipment used in the work area. Small computers, for example, can produce significant
amounts of heat.

10124 Forced-air Exhaust Units (Principle; 38)

Units should be designed so that forced-air exhausts are not
directed toward the operating position, or toward other workers in
their work positions.

10/25 External Sutiace Temperatures (Principle; 38~

External sutiaces that can be touched during operation should have
a sutiace temperature that does not exceed 50° C (122° F). Surfaces
that are intended to be touched during normal operation should not
exceed 35° C (95° F).

10126 Temperature Under Work Surfaces (Principle; 38)

Heat build-up from equipment under the work sutiace (in the area of
the operator’s knees and legs) greater than 3° C (5.5° F) above
ambient should be avoided.
Insulation or ventilation maybe used to reduce the heat buildup.

10.3 Design of the Environment

The TMC is a work space like any other, with supporting spaces, fixtures, and special
requirements. The rules that follow summarize the major concerns of the designer for
safe. comfortable and efficient human use.
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10.3.1 Entryways

Entry and exit considerations a~recentral to architectural planning of space to be occupied
by people. While common conventions for ent~ay design md placement exist, special
considerations for TMC’s and other control rooms may require compromises.

Doorways. h specifying the doorways in the TMC, designers should take into
consideration the following: “2s)

o

@

o

e

@

Doorway clearance n(:eds. This applies not only to workers, but also to the
equipment that must be moved in and out, of the TMC for maintenance,
installation, and other ~mrposes.

Type of door. This includes the material, door opening geometry, manipulating
hardware, locking systf>m, see-through requirements, door position retention, type
of threshold, etc.

Automatic versus manual door articulation.

Identification (e.g., si;gsrage, securi~).

Sealing against drafts, extreme pressure differentials, water leakage, dirt,
noise, and dust, etc. The major considerations for the TMC are temperature
control, noise, and contamination. hr an environment that houses information
systems, dust and other contaminants can be a long-term problem.

General guidelines for doorway design follow

10/27 Door Styles (Principle; 125],

Do not use revolvirlg doors or all-glass frameless doors; these are
apt to be misused :~nd cause personal injury.

10/28 Door Weight (Principle; 125/:

Avoid the use of extremely large and/or hea~ doors if they :Ire to be
manipulated by halnd.



10129 View Potis (Principle; 125)

Provide view potis on free-swinging doors.
The view ports should be positioned to allow the shortest statured TMC
staff member, less than 1.5 m (5 ft) in height, to see a person of similar
height on the other side of the door.

10130 Door Handle Style (Principle; 125)

Avoid use of door handles that are hard to grasp or manipulate.
Use the preferred style shown in Figure 10-3.

Minimum:
IOcmJ
(4 in) ‘w inger

Clearance:
3 cm (1.2 in;

- PREFERRED
Hnge
5 cm 2 in)

TER

h:
m

ACCE
in)

=

—

++Addedtrim-stoP ,,~”.,

no finger clearance.
Need at Ieasi 3.8 cm (1.5 in)

a102 cm
(40 in)

91 cm

(36 in)

Figure 10-3. Door latshing designs (after Woodson, Tillman & Tillman,
1992).

f O\37 P$acemernt of Door Handles (Principle; 125)

Place door handles where they provide the best advantage for
gripping and manipulating the door.
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10/32 Door Handle Operation (Principle; q25~

Door hardware shou[i~ indicate to the user whet~ner to push, pull, or
turn a handle.
If the door is to be pushed, identify the side to push.

10133 Location of Doclr Latches (Principle; 125)

Select door latching c~rlocking systems that are easy to operate and
locate them where th{?operator will be able to visually guide the key.

10134 Door Hardware (Principle; 125]

Select door hardware that does not have sharp corners or edges that
could cause injuW.

10/35 Door Threshold (Principle; 125)

Select and/or design I!loor thresholds that are relatively smootkt so
that pedestrians will riot trip.

10/36 Door Height an{! Width (Principle; 125)

In general, architectural doors should have a height of 203 cm (80 in)
and a width of 91 cm (35 in).
The width is measured from the edge of the door frame opposite the
hinge to the edge of th{? open door. The recommended width minimizes
the need to dismount tile doorway to move in furniture or other large
objects, The minimum ‘width is 76 cm (30 in). However, 91 cm (35 in) is
required to allow standard wheelchair to pass,

10/37 Corner Doors (Principle; 125)

Doors located in the t:orner of a room should open toward the
corner.
As suggested by Figure 10-4, this facilitates exit from the room and
reduces the chance th:]t a person will collide with the door,
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10/38 Door Opening at Hallway (Principle; 125)

Doors should nof open into hallways.
This eliminates the possibility that someone in the hallway might be struck
by a door that is being opened from the other side.

10/39 Double Door Configurations (Principle; 125)

Avoid double door configurations that have a narrow divider or post
between them.
Experience has shown that people do not notice the divider and collide
with it.

10.3.2 Walkways and hallways

Most TMC’S are sewed by hallways and corridors. The human considerations include the
following (see Figure 10-4):

q0/40 Hallway Passage (Principle; 125)

Interior hallways should allow people to pass without bumping into
wails, other people, or equipment attached to walls (e.g., fire
extinguishers). The minimum width is 1.4 m (54 in).

1O/4f Door Placement (Principle; 125~

Doors should he 1.5 m (5 M) from hallway corners for safety (see
Figure ?04).

10/42 Floor Cove Designs (Principle; 125)

Avoid floor cove (baseboard) designs that invite tripping.
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10/43 Illumination of Hallway (Principle; 125)

Hallway light sources should provide an illuminance of no less than
108 (UX (10 fe).

f 0/44 Natural Light in Hallways (Principle; 125)

Avoid natural light entering only at the ends of hallways.
A person facing a window at the end of a hallway may encounter glare
from daylight reflecting from hard surfaces.

~0145 Reflectance in Hallways (Principle; 125)

Hallway walls, ceilings, and floors should be coated to meet
reflectance standards for otice space — ceilings, 80-90 percent;
walls, 50-85 percent; floors 15-35 percent.

10.3.3 Stairs and ramps

10/46 Ramp Accommodations (Principle; 125)

The slope of ramps designed to accommodate handicapped users
should not exceed 5 percent.

10/47 Handrails on Ramps (Principle; 125)

Handrails should be installed on all ramps or platforms that are more
than 0.6 m (2 ft) above grade.

10/48 Stair Design (Principie; ! 25)

As suggested by Figure 10-5, design stairways without overhangs
that might catch toes.
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Rgure 10-5. Stairway design to avoid tripping.

10/49 Large Object :]nd Stairs (Principle; 125~

As suggested by Fi{lure 10-6, design stairs to accommodate
movement of large c)bjects.
TMC’S will be upgrad(:d over time; equipment and furniture will need
replacement. Plan forthetask ofreplacing aTMC’slarge situatiorl map or
other large equipment elements,

Tq@p
...,~.e.

q.:

/

4

=~

‘)\3-
. . L~’~1Al ::

J
1

m

/ > 1

,, /
(1.im) /

T
4 ~l,$m)k —

Figure 10-6. Stairway design for furnitr~re handIing.
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10.4 Furnishings

TMC designers will rarely design the furniture for use in their facilities. The following
guidelines are provided to aid in the selection and specification of furniture for the control
room. Theconsiderations are bynomeans cosmetic (though attractive furniture of good
quality is desirable as a hygiene factor in the work area). Productivity and health issues
are paramount in these selections, and poor design may result in fatigue and physiological
symptoms.

10.4.1 Chairs

The seating used by a TMC operator is an essential part of the human/machine system,
not an afterthought. Productivity and health of workers who must operate in a work
station environment for long periods are sensitive to comfort, circulation, posture, and
spinal stress. A work station chair should provide postural support, adjustability,
subjective comfort, and — particularly in the control room environment — mobility.

Chair design relies on a variety of production technologies, but it also requires knowledge
of anthropomet~. A chair used in work situations must be easily adjustable and
adjustable enough to accommodate the practical range of body dimensions; this adds
(unavoidably) to the complexity and expense of ergonomic seating. It is worth the price.

Figure 10-7 illustrates elements of ergonomic chair design. Seating should meet the
following guidelines:

10/50 Adjustability of Chairs (Principle; 38)

Chairs should be adjustable to fit the 5th percentile female through
95th percentile male.

1015~ Seat Pan Height (Principle; 38)

Seat pan height should be adjustable within the range of 40.6 to 52.0
cm (16.0 to 20.5 in).
This range accommodates the 5th percentile female to 95th percentile
male popliteal height. A foot support may be added to provide more
comfort for operators with shorter popliteal heights.
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10/52 Seat Depth (Principle; 38)

Seat depth should allow contact of the lumbar region with the seat
back without creating pressure between the front seat edge and the
lower leg.
This requires a depth of 38 to 43 cm (15 to 17 in).

10153 Front Edge 0$ Seat (Principle; 125)

The front seat edge should be well rounded to minimize pressure on
the bottom of the thighs to allow full blood flow.

10/54 Stability of Seating (Recommendation)

To promote stable seating, the chair should have five legs.

10/55 Chair Padding (Principle; 125)

Seat padding should compress 2.5 cm (1 in) or less under a seated
person.

10/56 Weight Transfer (Principle; 67)

The seat should allow most of the weight to be transferred to the
seat by the buttocks.

10/57 Seat Width (Principle; 38)

Seat width should be 45 cm (18.2 in) measured at the center directly
over the support spindle to accommodate the general range of
seated thigh width.

~ Princi Ie; 38

Seat pan angle should be between -10 and +1 O degrees. Seat pan
angle is the horizontal tilt of the seat forward and back.

10-22



10/59 Torso to Thigh Angle (Prinl:iple; 4, 6~

Angle between s~iat back and seat pan should permit the user to
maintain a torso-t{~-thigh angle of at least 100 deg.

10/60 Lumbar Suppofl (Pri[~)

Angle the seat to ~>rovide support in f:he lumbar region,
This stipulation is used in place of backrest height.

10/6! Mdth of Se;lt Back (Prit~ciple; 381

Provide a seat back width of 30.5 cm (12 in) in the lumbar ragion.
This width allows the worker to make shifts in working posture tc) relieve
stress,

10/62 Caster Selection (Principle; 381

Provide a caster selection which is appropriate to floor sutiace.
Most work stations will require mobility of the seated operator. Chair
mobility is provided by casters. Even in the case of a relatively stationary
task description, an operator will have to move the chair toward or away
from the work surface. Different types of casters are available fclr hard
and for carpeted floors, and should be specified when ordering.

10.4.2 Work surfaces

The complement to the seat in a work station is the work surface — the “mini-
environment” in which the o]?erator will execute most of the activities in the TMC. The
work surface is home to information system elements such as the monitor, input devices
such as mouse and keyboard, telephones, CCTV camera controls — as well as
accessories such as a note pad or a coffee cup. As with seating, the work surfa,>e is a part
of the system, and provides a mechanical infrastructure for the operator.

Critical problems with furniture, with its principal purpose being to support a work
surface, include compatibili~f with seating, adequate space for all activities, durability,
appearance (including surface glare), and ergonomic properties.



PROBLEMS WITH LEG Roow

A serious problem encountered duringon-site researchwas the tendencyto store boxes,papers,
and other baggageunderthe consolework surfaces.This restrictedclearancefor operators’ legs
and feet in many cases, they could not place their chairs and knees properly because of the
obstructions, and were forced to lean over the edges of the work surface to reach keyboards or
read displays. This posture can contribute to back pain and fatigue.

10163 Work Sutiace Clearance Envelopes (Principle; 38)

Enable work sutiaces to accommodate the clearance envelope of the
5th percentile female to 95th percentile male.
The “clearance envelope” is a solid space below the undersurface of the
work area that must accommodate the legs of the operator. The critical
measures are thigh and knee height, Figure 10-8 and Table 10-1 show
the dimensions of the clearance envelope for 5th percentile female and
95th percentile male.

10/64 Operator Clearance Envelopes (Observation)

Ensure that operator ciearance envelopes beneath the workstation
or console are free from obstruction.

10/65 S%orage Space (Obsewafion]

Plan adequate storage space.
This is a natural corollary to guideline 10/65

q0166 Forearm Angie to Work Sutiace (Principle; 4)

A work sutiace suppotiing keyboard and monitor should allow the
operator to work with the forearm at a comfortable angle.
Figure 10-9 shows the method of calculation, which allows for the angle of
the upper body (superior frontal plane). The forearm angle should be
between 70+Y/2 degrees and 90+Y/2 degrees, where Y is the back angle
from the vertical.
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Figure 10-9. Measurement of recommended forearm angles.

10/68 Work Sutiace Height Adjustability (Principle; 38)

For seated operators, provide an adjustable work surface (keyboard
support) that ranges in height from 58.5 cm to 71.0 cm (23.0 to 28.0
in).
This range allows adjustment for 5th to 95th percentile operators.

10/69 Work Surface Edges (Principle; 38)

Provide rounded edges for work sutiaces that come in contact with
arms, wrists, or hands to avoid repetitive stress; edges on which
arms or wrists rest should preferably be padded.
A sharp edge will cause stress to the tendons of the wrist and possible
work-related injury. For cases where the work surface is already in place,
ergonomic keyboard pads are available commercially.
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10.4.3 Control paneIs

A control room designed using the methods described in Chapter 2 (including link
analysis and accessibility ma~~lsis) will require only a minimum of movement by
operators. Most control panels in the TMC, therefore, will involve seated operator
consoles. These generally involve a work surface and instrument console (as in :Section
10.4.2). These will often be multi-operator stations located wif:h a view of critical TMC
displays such as situation maps and CCTV monitor banks. Design of the
workstation/console often requ~ires compromises and creativit>l, since the best
arrangement of controls and displays may block line of sight.

10/70 Console Design Planning (Principle; 38)

Planning for console design or selection should include the
following factors:

~ Wsibility over the top of the console
e Operator moi)ility (e.g., “sit-stand” requirements)
@ Panel space
@ Volume in th(? area below the writing surface

10/71 Horizontal La:yout of Controls and Displays (Prirlciple; 6)

Arrange controls ar]d displays to allow horizontal scanning.
Eye and head motiorls in a horizontal direction are less tiring. Common
controls and displays mounted in such panels will include video displays,
keyboards, and other computer input devices, camera controls, telephone
and intercom fixtures, and job aids. See Figure 10-10 for recommended
console height measures.

10172 Job Ads at Work Station (Obsewation)

Allow space for job aids.
All work stations will {eventually acquire essential job aids, such as
procedural notes, critical instructions, telephone numbers, and reminders.
These often take the form of “post-its” or taped pieces of paper. Some
TMC’S use small panels of white marker board to carry temporary notes
and guidance. They may look messy, but they are often essentia/ to
effective operations. Accept their necessity and make them look neat and
functional by adding ‘them systematically to the display plan rather than
taping them up as an aftetihought. Standard procedure should be
established for writin!~ and posting such customized job aids.
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Figure 10-10. Recommended cosssole dimensions (see Tables 10-1 and 10-2).
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Table 10-1. Recommended {:onsole dimensions.

r Dimensions -7

k. .*aMaximum consoleheightfrom standingsurface (e.g.,

Suggestedvert[caldimensionof panelmcludmgsill

Wfiting surface: :jhelf height from standing surface

~ D I Seat height from stand surface at midpoint of G ~ See Table 10-2 I

! E“ ~Minimumknee cllearance 146118~

\
F’ Foot support to sitting surface**

46 !Q
[15161

H“ Minimum thigh clearance at midpoint of G
! 19 !a

I Wtiting surface clepth including shelf
! 40 !Q

I J \ Minimumshelf depth 1100141

~
Eye [ne-to-console frong distance

I 40 Is

L,)● Not applicable to console ~pes 4 and 5 listed in Table 10-3.

J

Because this dimension must not be exceeded, a heel catch is required on chair if

Table 10-2. Su~Jplemental console dimensions re

Z%EHeight from Dimension of Height from

I Sit (w/o vision over I 128.75 [ 65 I 63.75

11%1:145
155

nmendatia,ns.

rSeat Height : Maximum
Zm Standing Console
Sutiace at Wdth (Not
fidpoint of G Shown)

42.5 I 110
80

L

110
90 110

42.5

1

90
58.75 90
68.75 90

69 I 90

NA
k

110

NA

L

90

L*Three dimensions are provided to allow latitude in the height of the lower pati of the console.
Use values from a single row, Dimensions are in centimeters.
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10/73 Work Station Reach Limits (Obsewation)

incorporate anthropometric reach limit criteria in work space design.
Refer to anthropometric standard reach envelopes discussed in Chapter
7. Since most units in the TMC are built for multiple operators, this
analysis should take into account the team operating procedures. A
mockup may be helpful,

Analyze placement of controls and displays. Chapter 2 discusses general tools for
locating controls and displays (e.g., link analysis). There is, however, a more precisely
objective method for critical components based on the accessibili@ index of a control. ‘*)
The formula used for this approach is:

(2)

where r is the Pearson product moment correlation coefficient of the operator/control
distance and the ranked frequency of use of the control; ~.is the frequency of use rank of
each control inside the standard reach envelope (see Chapter 7), and f. is tie frequency of
use rank of each control outside the standard reach envelope; n is the number of controls
inside, and N the number outside the envelope; and S is the number of operators used to
collect the data.

Testing a proposed control layout in this way usually occurs during protot~e or mockup,
and should use a selection of operators that accurately represent the range of reach
envelopes. Use of scenarios representing a range of TMC functions, combined with
meticulous observation, will yield the frequency of use of different elements of the
console (this information can aiso be derived from task analyses, though less reliably). If
the work is performed carefully, the result will be an accessibility index with a range
between -2.0 and +1 ,0, A low score suggests the need for redesign.

Designers should consider the room as a total system during planning, Visibility,
accessibility, operator interactions, and other factors should be paramount, not simply
meeting individual subsystem standards,
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Several target sites suffered from :in almost unavoidable expansion problem that resulted in what
one analyst called “keyboard farms. ” As new systems and capabilities were added, individual
operators were ofien confronted with three or four keyboards in a small area, with two or three
pushed aside or stacked when not in use. (These sites also suffered the line of sight blockage due
to the extra monitors.)

10/74 Workstation Sl~ace (observation)

Provide additional s~)ace at workspace to accommodate future
components.

10/75 Multi-User Station Planning Process (Recommendatif]n; 125)

Multi-user stations should be planned systematically:

o Start with basic single-operator requirements.
o Expand dimensions for additional operators.
o Accommodate commonly used equipment.

DESIGNING FOR A CLEAR \lIEW

When planning the “see-over” height for TMC consoles, designers should not rely solely on
published standards. For example, in several TMC’S operators do not have a clear view desp;fe
the fact that their consoles are heiglhts are within accepted dimensions. The problem is that
general displays (tig board and CCTV monitor banks) are rather large and, constrained by ceiling
height, their bottoms are close to ttle floor. In these cases, operators adjust their chair seat
heights to maximum, or stand, to view the bottom of the monitor banks or big board.

10/76 Use of Mockup}s (Observation)

Use models or mockups in the planning phase.
Cardboard or Styrofozlm models or mockups can help with the detection
of layout and line-of-sight problems, Visibility problems can also be!
identified by using CAD systems with solid, 3-dimensional modeling and
variable viewpoint capabilities (see Chapter 2).



10.5 Design for Individual Differences

Chapter 7 discusses the anthropometric guidelines for the design of control centers. h
this section a few reminders are given for those who design the operator jobs as well as
the work environment, Individuals differ on many physical and psychological
dimensions. Some of these dimensions are valid personnel selection criteria; others are
not. Since the enactment of the Americans with Disabilities Act, determining the physical
and psychological selection criteria that can and cannot be applied legitimately is
especially important.

Once legitimate selection criteria have been detemined, designers should attempt to
design jobs and environments that can accommodate (or easily be altered to
accommodate) everyone who satisfies the criteria. Such design will benefit workers
within the normal range of variation, as well as those with identified disabilities,

PLANNING FOR ALL OPEmTORS

In a TMC, monitoring of W screens and video displays is a common and critical task. Normal (or
correctable to normal) vision is probably a legitimate selection ctiterion for operators. The
communications tasks in a TMC may require normal hearing and speech abilities. However, there
may be no defensible reason to limit a person with limited mobility from performing the operator
job. The operator job should be designed to require minimum movement about the room.
Workstation design should support task performance by an operator with less than normal
mobility. In order to accommodate wheelchair-bound operators, one center in which staff
members move between multiple levels for various functions now recommends that a single-level
floorplan be used, or that ramps instead of stairs, be used.

10/77 Personnel Selection Criteria (Observation)

Develop work-related personnel selection criteria that are based on
documented task petiormance requirements.

10/78 Job Design for All Workers (Observation)

Design the job and the work environment such that it fully
accommodates the expected worker population.
This may include workers with sensory, motor and mobility challenges
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10/79 Adjustable Furniture (observation)

Specify adjustable ~torkstation furniture whenever practical to do so.
Additional furnishings, such as foot rests, may also be needed to make
the workstation fit.

f 0/80 Design to Operator Limitations (Obsewation)

Design control/display layouts to support reacl~ing, motion,
stretching, bending, or Iifiing requiremfsnts for operators with limited
capacity.
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11.1 Designing the User-Computer Interface

The user-computer interface is a two-way communication link between human operators
and the various devices and support systems that: (1) provide information to operators
and carry out operators’ instructions. The user-computer interface includes hardwal-e
devices for input and output (keyboard, mouse, display screens, printers, etc., discussed in
Chapters 9 and 10), and the software for displaying information or tal~illg the usel”’sinPut
This chapter presents guidelines on the user-computer interface.

The system analysis approach to user-computer interface design is characterized by three
basic principles: ‘“)

@ Early (and cOntintsing) focus on users and tasks, As is the case with other

human factors issues, early design focus on the user requirements allows many
interface p]-oblems to be detected or prevented before the complete package has
been delivered.

@ Empirical evaluation. interfaces that have been thoroughly tested by

representatives of the user population at various steps during the design process
are more likely to prove satisfactory when the system is fielded.

@ Iterative design and revision. Designs are rarely perfect the first time. User

computer interface problems can be identified and corrected most effectively and
in the most timely fashion by use of an iterative design/test/redesign/l-etest
processes that use a careful prototyping pl-ocess (see Chaptel- 2).

The early focus on users and tasks is intended to ensule that the interface and associated
user aids, such as training materials, online help, tutorials, manuals aud job aids, su~]port
the tasks that users need to accomplish. Empirical evaluation allows for direct
comparisons among proposed interface designs in order to determine wllicll PrOtOtYPes
yield the lowest error rates, fastest perfo!-mance, and lowest cost. Decisions on design
trade-offs are made in an informed manner befol-e expensive progl-amming effo!-ts begin.
Po/c,}It;<z[~~sc,~..sare asked to educate the designer about their needs, help design an
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interface that meets those neecls, respond to prototype simulations of the interface, and
evaluate successive versions of the interface during c!evelopmant,

11.1.1 Steps in the user-computer i~lterface design process

An ideal design process as shown in Figure 11-1 incorporates each of the three main
systems analysis principles into a phased irnplementz.tion of the user-computer interface.
In the first phase, requirements analysis, the system is operationally defined. User and
task analyses are performed to determine how users interact with the functions :and modes
of operation of the interface. In the second phase, empirical evaluation, models of the
interface are tested by potential users to ensure that the designers understand how the
system should operate from thl: Users’ point of view. Alternative designs are tested to
arrive at a configuration that provides an acceptable level of operator performance. In the
third phase, test and implementation, the fill interface is evaluated by potential users and
revised as necessary to ensure optimal performance and ease of use. Finally, the interface
is integrated with the “operatir[g” software required to run the computer.

11.1.2 Benefits of the systems analysis approach

The systems analysis approach is intended to avoid common, costly mistakes in user-
computer interface design. Pha~se 1 is used to plan the interface and to develop functional
requirements from a user- and task-oriented perspective. Phase 2 is used to test !~rototypes
of screens, displays, and transactions. Iterative design is especially important in this
phase, because changes made [it this step (prior to extensive programming) can avoid
costly changes once the interface has been developed, Phase 3 is used to develop the final
version of the interface and to verify that it is programmed to meet all specifications.
Phase 3 ends with implementation of a fully integrated system, that includes the user-
computer interface and the operating software.

11.2 Consistency

Consistency of the user-computer interface is critical to efficient. learning and use of the
system. Consistency applies to many aspects of the interface, including screen layouts,
colors, methods of interaction, navigation through the system, mapping of functions to
Users’ inputs, and definitions of data elements. The l-nanner in which the system
functions and appears to the user should be consistent with the rest of the system
interfaces, procedures, and training.



PHASE 1: REQUIREMENTS ANALYSIS

Planning
User and Task Functional

Analysis specifications

Identify design Analyze missions and Identify design
constraints. functions. constraints.

Define design activities Review comparable Define design activities

Set schedules and systems. Set schedules and
milestones. Define user roles and milestones.

Identify resource requirements. Identify resource

requirements. Petiorm task analysis. requirements.

+

PHASE 2: INTERFACE DESIGN AND DEVELOPMENT

Interface Concepts
Interface Design

Studies
m

Develop screensand Conductsimulationsand Specifydesignctitefia
displays. rapidpro!otyping. fordisplays,dialogs,

Specifyinteractions. Define tradeoffs in job aids, and user aids,
Define procedures for interface design. etc.

use. Design users’ manual
Design decision aids.

PHASE 3: TEST AND INTEGRATION

~ma

Verify displays, Individual and Plan integration Specify final
dialogs, group tests with of intetiace with procedures.

transaction users. larger system. Develop training.
control, Field tests, Develop training Finalize user

procedures, etc. plan. documentation.
Final imple-

mentation elan.

Figure 11-1. The ideal user-computer interface design process.
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11.2.1 Benefits of consistency, negative effects of inconsistency

Consistent interfaces are both easier to learn and require less memory capacity on the part
of the user. In a consistent interface, whatever the users learn in one part of the system
(such as how to point to a particular item on a list) applies in z.11other parts of the system.
In addition, users become more confident when using a consistent system.

Inconsistent interfaces cause users to make errors. For instance, when the meaning of a
command differs depending o~]the context (e.g., delete can apply to anything fmm
individual characters on screen to a file containing the user’s most important data) the
probability of errors increases. Errors can also occur when the procedure for
implementing a command changes from one context to another (e.g., in an older
generation TMC, checking the status of roadway 100!?detectors required the name of the
roadway segment in one screen and the numeric identifier of the loop detector in another.)

11.2.2 Guidelines for consistent interface style

Figure 11-2 presents alternatives that define the “look and fee~’ of a user-computer
interface. Decisions at the top level (those to be made first) determine the style of
interaction: command-based, menu selection, antior direct manipulation. Decisions about
the second level of interaction determine how users will accomplish work with the
interface. The decision regarding interaction style determines many of the options
available under the second tier, and so selection of an appropriate interaction style is
crucial to achieving a good rnntch between task requirements and user performance.

Consistency in application of second-tier decisions (presentation issues regarding entry

screens, windowing, highlighting, mapping, text, graphics, and tables) is critical for
efficient operator performance. bconsistency in these areas generates errors and
frustration. ‘7s)Each of the major headings presented in Figure 11-2 is discussed in detail
in later sections of this chapter. Guidelines are presented in those sections.

11.2.3 Methods for evaluating consistency of user-computer interfaces

Evaluations of consistency should begin in Phase 2 and continue throughout the design
and implementation phases, There are two methods :frequently used for consistency
evaluation:

@ The questionnaire method.
. The “thinking aloud’ method.

The questionnaire method. Is the name implies, the questionnaire method involves a
structured set of questions to be completed by users. (97 121) The questionnaire is typically

constructed to gather detailed assessments of consistency for many, but not all, aspects of
the interface (from top-level considerations like method of interaction, down to specific
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workings of commands and the wording of messages or the display of information). Users
typically complete the questionnaire after having worked with the interface for a brief
period of time, They are not, typically, asked to complete the questionnaire while
interacting with the interface. The questionnaire can be delivered as a stand-alone survey
instrument or maybe completed as pafi of a structured interview between the system
analyst and the user. Figure 11-3 provides a list of issues that a questionnaire should
address.

TIER 1: INTERACTION STYLES
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Figure 11-2. Issues in determining the “look and feel” of a user-computer interface.

The advantages of the questionnaire method include a standardized and quantitative

approach tOuser assessments (allowing designers to determine how many users are
bothered by a given inconsistency) and some assurance that all users have at least
considered the important parts of the interface during their evaluation. Disadvantages
include the time it takes to complete an exhaustive survey and the method’s reliance on
Users’ memory for inconsistency experienced during an earlier interaction with the
system.
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The “thinking aloud” metho,d. h the thinking aloud method, the user is encouraged to
verbalize while interacting with the interface. A systems analyst records the user’s
utterances and asks for clarification as required. By listening to users attempt tc, work
through real problems using tile interface, system designers can find inconsistencies that
require correction. ‘~66’)

QuEsTloN~ YESNO I COMMENT!<

l.ss,,.y.,p~y,,~—LJINFORMATION ON CONTEXT FOR TRANSACTION CONTROL IS

STANDARD ABBREVIATIONS ANO ACRCNYMS ARE EMPLOYED
\—~J

~—LJCONSISTENT TERMINOLOGY IS USED FOR TRANSACTION
CONTROL.

+Ea
THE uSER IS PROMPTED FOR INPUT IN A CONSISTENT FASHION

PROMPTS APPEAR IN EXPECTED, CONSISTENT LOCATIONS.

AURMS (WARNINGS ANO ERROR MESSAGES) ARE DISTINCTIVE
AND CONSISTENT

MENUS ALLOW ONLY ONE SELECTION ,4T A TIME.

k~d
AVAIMBLE, UNAVAIWBLE, AND SELEC-rEO MENU ITEMS ARE
DISTINCTIVELY AND CONSISTENTLY Hll;HLIGHTEO.

COMMANDS ARE ALL CONGRUENT WITH THE ACTION IMPLIED BY

~~dEDITING OF ENTRIES IS SUPPORTED WITH CONSISTENT USE OF
CURSOR CONTROL, INSERT, AND DELETE KEYS.

e~<COMMAND SYNTAX (THE ORDERING Ab10 SPECIFICATION OF
OPTIONS) IS CONSISTENT ACROSS ALL COMMANDS.

THE MEANING OF COMMNDS ANO CO?JMND OPTIONS IS
CONSISTENT ACROSS TMNSACTIONS

~J~JINFORMATION PROVIDEO IN USER AID? (JOB AIDS, MANUALS, ANO
ONLINE HELP) IS CONSISTENT BETWEEN THE DIFFERENT AIDS
AND MATCHES THE ACTUAL USAGE IN THE INTERFACE.

k~ti
THE MOST IMPORTANT, OR MOST FREQUENTLY uSEO COMMNDS
ARE AT THE TOP OF MENuS OR GROU1~S WITHIN MENUS

PROGRAM FUNCTION (PF! KEYS HAVE ‘CONSISTENT MEANINGS

I HITTING ESC ALWAYS INTERRUPTS ONGOING PROCESSES AND
OOES NOT RESULT IN LOSS OF WORK. II I

—l–+–HIGHLIGHTING IS APPLIED CONSISTENTLY THROUGH.OUT THE
INTERFACE.

CURSOR MOVEMENT VIA THE ARR0w KEYS, TAB, PAGE UPiDOWN,
HOMF AND FNn KFYS 1SCO NSISTENTI-Y SUPPORTED.

Rgure 11-3. User-computer interface consistency questionnaire

Advantages of the thinking aloud method are that it targets the most noticeable problems
and does not require addition~l time from the users involved in testing. Disadvantages are
that the method does not yield quantitative results, is not standardized, and requires a
substantial amount of analysk’ time.

II-7



A combined approach. The two consistency evaluation methods work best when
combined. The questionnaire method can apply to all users involved in testing the
proposed interface. Their answers can be assumed to apply to the most salient aspects of
the interface. The thinking aloud method may yield data on aspects of the interface which
had not been considered important or prone to problems prior to the test. For this reason,
the thinking aloud method should be employed as an initial assessment with a small
number of users. The utterances of these users can point to specific assessments that need
to be added to the questionnaire. The questionnaire can then be given to all users as part
of a more systematic evaluation of the interface.

11.2.4 Using inconsistency to “flag” important system events

Based on the principle that users become more aware of the interface when their
expectations are violated, some system designers have taken advantage of this heightened
awareness to alert users to important system events. (E6,99) some system events are SO

detrimental to system functioning (such as inadvertent deletion of working files, shutting
down the system, taking major components off-line, or issuing commands that change
system status in inappropriate ways) that it is wise to require increased work on the part
of the user to make them happen. The obvious solution, requesting verification of the
input, is often not enough. Users become accustomed to automatically answering “yes” to
such queries and will treat the response as an integral part of the original command (e.g.,
“delete” becomes “delete <pause> yes” in the user’s mind). ‘s6)

One way to use inconsistency to flag important events is to require an entirely different
response method if the command is somehow “dangerous.” For example, a system that
allows the user to input two-letter abbreviations for most commands might require them
to spell out the full name for “dangerous” commands like “delete’ or “format,” Input of
an abbreviation will result in an error message and the inconsistency will act as an
alerting mechanism, k a menu-based interface with mouse-selection of menu item,
“dangerous” commands can be implemented such that the user must type in the name of
the command rather than select it from a list. Some interfaces hide the dangerous
commands under a heading like “advanced functions” (a menu or program area that the
user must explicitly access in order to use any of the commands contained under that
heading). The end result of any of these techniques is to alert users to an important event
by raising their awareness of the interface through limited inconsistency. (]’)

11.3 User Characteristics

Users of complex systems do not share the same knowledge of how the system operates,
knowledge of the subject domain (in this case traffic engineering), or proficiency in
operating the user-computer interface. The systems analysis approach recognizes the
differences between Users’ capabilities and attempts to meet the needs of various users
ejther through user-centered aiding or by dynamically adapting to the demonstrated
expertise of each individual, (44)In this section, differences among users are discussed and

methods for identifying and meeting the varying needs of users are described.
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11.3.1 Levels of expertise

Some users, by virtue of having had more practice or superior preparation, will
outperform others. That is, they will make fewer errors, work more rapidly, and identify
more effective solutions to problems than colleagues with less experience. Typically,
researchers recognize three levels of user expertise: novice, intermediate, and expert. ’99)

Differences between levels of expertise. There are substantial differences between the
most and least able performers (system “experts” and “novices”). Experts are tWically
described as having complete knowledge of the system. They !~ave organized the material
into large, coherent blocks of information. Experts view the system as a set of highly
interconnected procedures, concepts and principles. ~~heysolve problems using
identifiable strategies and typically devote the initial period of problem solving to
analysis. ’20)

Novices, in contrast to experts, are typically described as having little or no knowledge of
the system. They have not or~mized the material into any particular structure. Novices
view the system as a set of isolated procedures, often not grasping the concepts and
principles behind those procedures. Novices often solve problems using the same
methods as experts, but take Iclnger to arrive at the correct method and spend relatively
less time analyzing the problem before attempting a solution. ’20)

An “intermediate user” is typically defined as any user who is neither an expert nor a
novice. It includes all users who know something, but not eve~~hing, about the system.
“Intermediate” is such a large {;ategory that it is nearly meaningless for system clesigners.
As a result, systems are typically designed either to meet the needs of novices (the lowest
common denominator) or the ~leeds of experts (typically the system’s programmers or
analysts). Little attention is given to designing a system that will support all levels of
users throughout their “lifetime” on the system.

Interface design to meet the ]needs of multiple levels of expertise. A common finding
in research on user-computer interfaces is that experts become extremely frustrated by
interfaces designed to assist nc)vices, and novices are often unable to work effectively on
interfaces designed for use by experts. (17)A well designed user-computer interface will

meet the needs of the entire user population. Task analyses and user analyses will help
system designers determine how many levels of users exist and what task demands will
be placed on users and on the system. These analyses are to be performed in Phase 1 of
the systems analysis design process as was outlined in Figure 11-1.

Designing the interface to sup~]ort users of varying expertise requires additional effort to
ensure that adequate user aids are available and that the interface is neither too complex
nor obscure for novices nor to{~elementary for experts.

User versus computer-initiated aiding. It is tempting, given the power of modem
computers, to let the computer decide when and how much assistance to provids to any
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given user, At present, such computer-initiated dialogues have low user acceptance and
there are no empirical studies demonstrating a superiority of computer- versus user-
controlled aiding. (9!,10s)The maj or problems to overcome with computer-initiated

dialogue include: ’24)

Users’ frustrations and perceptions of losing control over the computer.

Designers’ inability to anticipate all possible contingencies.

Task-denendencv of Users’ need for assistance and consequent uroblems of. .
misdirected help provided by the computer.

The best solution is one that allows the user to select a level of interaction with the
interface in a dynamic fashion, In essence, this approach allows users to control the
amount of assistance they receive depending on their own perceived needs. When
performing familiar tasks, users can act like experts and rapidly interact with the interface
with no assistance. On less familiar tasks, the user may opt to access various built-in or
hard-copy aids (such as job aids, manuals, error messages, on line help, tutorials, or
decision support tools). Guidelines for the design of each of these aids are provided in
Chapter 12.

It is important to recognize that aids designed to support one level of user are generally
not acceptable for other levels of user. For this reason, it is necessary to carry out the
systems analysis for all user aids. This requirement leads to trade-offs in the design of
various user aids,

SELECTINGAPPROPRIATELEVELSOFDETAIL: “DECLUTTERING”

There may be significant individual differences be~een operators in the amount of detail they
want to see in their displays. Inexperienced operators, for example, may want to have street
names displayed, while experienced operators may have many of them memotized. One form of
dynamic screen redesign, a “declutter” capability, can help solve this problem. Using declutter, the
operator can change the amount of detail on the screen by toggling the display through predefine
levels of detail, ’73)

1 Ill Role of Job &ds (Observation)

Job aids should provide, at a minimum, the instructions required to
accomplish basic tasks using the intetiace (e.g., logging on,
accessing help, displaying a map, etc.).
Job aids serve as procedural reminders for more experienced users but
require special design efforts to meet the needs of novices.
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11/2 Role of User m:lnual (Observation)

User manuals should be designed to provide exhaustive detail on
use of all functions within the interface.
Most of this information is beyond the needs of novice users; however, the
manual serves as an important tool for users to increase their level of
expertise through self-study.

11/3 Role of Error Messages (Observation)

Error messages shcluld be written for the novice user and should
provide useful pointers for recovering from the error.
“FATAL ERROR: E46° provides little useful information.

fl/4 Role of On-line Help (Observation)

Design on-line help in a “layered” %ashion with the topmost layer
providing assistance for novices to perform basic system furlctions
and successively dt?eper layers providing greater detail in support of
more complex use of the interface.

11/5 Role of Tutorials (Observation)

Tutorials should be written to supply novices with practice
performing meanin~]ful tasks on the interface.

11/6 Role of Decisic~n Support Tools (Obs(?rvation)

Decision support tc}ols are intended for use by all levels of users and
must, therefore, allow for optional levels of explanation and
assistance depending on the user’s current needs.

Methods for determining Users’ understanding of the system.It is possible ‘to
empirically determine the users’ levels of knowledge and expertise regarding any
complex system, through a concept sorting task. The concept sorting task is capable of
showing the differences between novice- and expert-level views of how the various pafls
of the system are related. In the concept sorting task, a set of cards is labeled with the
names of major system functions and concepts, Potential users are asked to sort the cards
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into piles based on the relatedness of the labels. Users are typically not constrained in the
number of piles they can make or how many piles they place any given label.

The picture that emerges from concept sorting directly demonstrates the richly
interconnected view of the system as an expert might see it and the more elemental view
as a novice might see it. Designers can use such information to design the interface and

the associated user aids to help novices see the system represented at a more expert level.
In addition, designers can use the expert representation when designing user supports for
more proficient users.

Ideally, tile concept sorting task will be conducted with as many representatives from
different user groups as possible. This opens the possibility of more accurate assessments
of the groups as a whole rather than single individuals. Aggregating such data produces a
picture of the interface as viewed by most members of any particular group and allows for

comparisons between groups, Two statistical techniques, cluster analysis and path
analysis, have proven useful in helping designers to aggregate data to discover the
differences between experts’ and novices’ understanding of complex systems. (sO)

11.3.2 User modeling: Users’ intentions and goals

A user model is a set of beliefs that reflects the work users are attempting to perform,
what they need to know about the system, and how users learn to operate a system, User

modeIing recognizes that people approach a complex system with specific purposes in
mind. They have intentions and goals that may change as a function of time or task
demands. “’)

The main purpose of user modeling is to ensure that the interface allows users to perfom
their intended work in an efficient manner. By knowing what users are hoping to

accomplish when accessing any particular feature of the interface, designers can build that
feature to assist rather than hinder users. For example, the most frequently accessed

options can appear at the top of menu lists, frequently perfomed sequences of actions can
be combined into one larger (macro) command, and text in the user manual and online
help can be written to address specific issues related to accomplishing the user’s goals,

11.3.3 Users’ expectations and “crutches”

When systems are upgraded, the way tasks are performed may change. Users will have
their own ideas of how the job should be done, and they will have “crutches” that they
rely on to help them do the work. Crutches can be anything from a user-defined memory
aid (e. g., a note posted on the workstation) to an integral part of the way the task is
performed (e.g., use of pins on a map to log accident locations).

During Phase 1 of system design (see Figure 11-1), existing procedures should be
examined to see how users are accomplishing tasks and to identify crutches or informal
procedures they might be using. As part of the evaluation of alternative interface designs
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in Phase 2 of system design, designers should verify that leaving out a user crutch does
not adversely affect performance. Crutches that are necessa~ suppotis to performance
should be programmed into the interface.

11.3.4 Users’ conceptual models of thle system

User modeling gives the designer a picture of what each type of user is likely to know in
advance, what the users need to know, what they are trying to accomplish, and how they

are likely to learn about the system, Users’ conceptual models of the system are the set of
facts and assumptions that individuals perceive about the operation and organization of
the system.

Users form incomplete models. Users typically learn enough about the interface to
achieve proficiency, but usually do not go beyond that point to learn more sophisticated
ways of doing the same tasks. This is best illustrated through examples from the familiar
task of learning to use a word processor. (23)users of word processing systems t~ically

avoid using macros, mail merge, and mathematics functions even though these functions
can save time and effort.

The issue is one of return for thf>time invested. If users perceive that it will take more
time to learn the fonction than will be saved over repeated uses, they are unlikely to
invest in that learning. As a con!;equence, Users’ models of word processing systems are
typically incomplete, and their use of the system is not as efficient as it might be.

Incomplete cossceptual models influence performance. Users with incomplete models
of the system fail to recognize shortcuts that could save time and reduce their workload.
In addition, such users may fail to recognize their own inability to accomplish a desired
goal with the interface. Unused, but useful, features of interfaces are found in every

complex system. The consequerlces of underutilization are wasted resowces for
programming those features in the first place; longer than necessa~ times to task
completion; failure to even attempt some tasks; and reductions in operator’s ability to
work on multiple tasks.

A TMC operator who does not know all the functions and options in the interface may

take longer to perfom tasks than one who knows the interface well. In the worst case, the
less proficient operator may do an incomplete job or institute incorrect mitigatior~
measures. In addition, operators with incomplete system models maybe less able to cope
with loss of system fanctions. If the familiar portion of the system fails, such operators
may have difficulty finding any alternative ways of performing their assigned tasks.

How design can help users form more complete models. A system expert has complete
(or nearly complete) knowledge of the system and its fauctions. Obviously, it is desirable
to staff the center with personnel who are, or who rapidly are becoming, system experts.
These are the individuals who will work rapidly, make few errors, and find creative
solutions to problems.
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Designers can help bring users to an expert level of knowledge through appropriate aids
to performance. Some techniques include:

@ Training on concepts.

@ Guiding exploration in tutorials.
* Blocking user errors during training.
@ Providing high quality help screens.(~o)
@ Providing expert-level advice in decision support systems.

11.4 Task Models and Usability of the Interface

A task model is a description of the sequence of mental and physical operations that the
user must perform in order to complete a task. It includes actions such as keystrokes,
mouse movements, and other user inputs. It also includes mental events such as goal
formation, planning, outcome evaluations, and decisions. Task models are used to help
designers evaluate alternative methods of conducting user-computer dialogues prior to
programming the interface, If the task models are accurate, they can reduce the number of

design iterations, thus lowering the cost of the overall interface design.

Usability is the number and complexip of the steps required to complete a procedure via

the user-computer inte~face. By knowing how many individual steps are involved and the

approximate duration of each step, designers can predict how long it will take a user to
complete any given task. Highly usable interfaces are those which require the fewest steps
at the lowest level of complexity. By comparing different interface designs, it is possible
to reduce the number of alternatives to only those that meet a minimum usability
requirement (e.g., “it should take no longer than 15 seconds to compose and display a
traffic alert”).

11.4.1 An aQproach to task modeling

Many current approaches to operator task modeling start with the GOMS model, (2S)
GOMS stands for Goals (what the user is trying to do), Operators (the individual actions
required to meet the goals), Methods (procedures made up of sequences of operators), and
Selection rules (guidelines for choosing appropriate methods), Figure 11-4 shows outputs
of a typical GOMS model.

The GOMS model has proven to be useful in evaluating interfaces in terms of the
perceived difficulty of completing specific tasks, It provides designers with a list of tasks

(equivalent to top-level goals such as “Alerting Motorists” or “Clearing an Accident”)
and with a detailed list of subgoals that an operator must form in order to accomplish a

task. For each subgoal, the actions and procedures required to accomplish it are listed as
well. Given this information, designers can identify procedures that are long,
complicated, or place a large burden on the operator. By focusing design efforts on
Improving the usability on long or complicated procedures, it is assumed that a better
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interface will result. Priority should be given to those procedures that are performed most

11.4.2

frequently and those that are the most difficult to use.

A)TOP LEVEL OF MANUSCRIPT EDITING

GOAL:EDIT– Manuscript

GOAL:PERFORM- UNIT- TASKS

(do until I1O lnore unit tasks)

GOAL:A(;QUIRE- UNIT- TASK

GOAL; MOVE– TO– TASK– LOCATION
[(J!jEPOSITIONCURSOR MErEIOD]

GOAL: LOOKUP - TASK – ~u~crtc~

GOAL: EXECUT~JE - UNIT TASK
SELECT [INSERT-METHOD, DELETE - METFIOD,COPY -

MET\lOD,MOVE – METHOD, TRANSPOSE –
METHOD]

B) ~ANUSCRIPTFORDELETING ANY TEXT STRING

GOAL: DELETI?- TEXT

GOAL: :PWSS - DELETE - KEY

GOAL CHECK DELETE – PROMPT

GOAL: SELECT – RANGE
[USE- SELECT - RANGE --METI{OD]

GOAL: VERIFY – DELETE

GOAL: PRESS ACCEPT – KSY

GOAL FINISI+- DELETE

Rgure 11-41.Outputs of a ~pical GOMS model.

Cognitive complexi~ model; :1quantitative approach

The GOMS model is not sufficient, however, as a too!. for quantitatively evaluating the

usability of a particular interface design or for comparisons between alternative interface
designs. To reduce the number of design iterations, a model should be capable of
predicting learning times and the time it will take the average user to complete any

specified task. There are a numloer of variants of the GOMS model that are capable of
producing quantitative predictions of this sort. Orre, tl~e cognitive complexity model, has
been shown to provide reasonably accurate predictions of the time required to learn an
interface and perform tasks usirlg it. ‘*6*9]

The cognitive complexity model can be described in two equations, one predicting
learning times and the second predicting task execution times.
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Predicted Training Time = t n +c

where t is the training time per production step, n is the number of steps, and c is the time to

complete the parts of the task not involving the acquisition of new rules (e.g., the critetion run.)

Execution time = a NCYCLES + b WM/N +i

where NCYCLES is the number of cycles required to complete a task, a is the activation time per
cycle, WM/N is the total number of add-goal and add-note actions, b is the time for an add action,
and i is an integer presumed to be zero. The parameters a, b, and ; are estimated using multiple
regression techniques on experimental data.

The first equation predicts that learning times will be directly proportional to the number

of new rules to be learned. Comparisons of ease of learning between interfaces are based
on the differences between the number of new “if,, then.. ,“ rules to learn in operating each
interface to accomplish a specified task. The second equation predicts that task execution
time is the total time required to activate all the “if.. then.. .“ rules required, plus the total
time required to carry out the operations specified for each rule.

To generate predictions using the model, the parameters (t, c, a, b, and i) must be
estimated based on data collected during user evaluations of interfaces. Linear regression

is used to find best fitting parameter values.

11.4.3 Guidelines for using the cognitive complexi~ model

The cognitive complexity model and similar quantitative models are best used early in the

design of an interface. They are intended to reduce the number of design iterations, and
therefore the cost of programming and revising the interface. The main goal of using such

a model is to make design revisions during the conceptualization and prototype phases,
instead of later when substantial efforts have already been spent programming the
interface. This requires designers to make a number of assumptions and test those
assumptions using partial mock-ups of the interface (prototypes) during phases 1 and 2 of

systems analysis (see Figure 11- 1). Parameter estimates for the model may be based on
timing of a few individuals. Apply the following guidelines to usability evaluations:
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11/7 Comparison of Alternative Designs (Obse!rvation)

Use a usability mod,:] for comparisons between competing df?signs.
Most of the parameter values will be the same for all the intetiace!j under
consideration. The shared values (such as the time needed to learn a new
rule and the “cycle” time) cannot be the source of differences between
interfaces since the same value appears in the model for all interfaces.
These parameters can be estimated based on less rigorous data,
sufficient to provide r~?alistic predictions of Users’ performance with each
proposed interface. The number of rules (and number of new rules)
required to complete any specified task will be a far more important
determinant of the differences between interfaces.

11/8 When to Test Usability (Obse!rvation)

Evaluate usability as early as possible in the inteflace design
process.
As the task analysis proceeds (in phase 1 of the design process), the
system’s designers will be able to identify tasks, the information required
for task completion, and the steps an operator must perform to complete
the task. At this point, users and designers can evaluate alternative
proposed interfaces to see which require the fewest number of rules for
the specified task, and which make the most frequent use of common
rules (those that are learned once and ap[plied in many tasks),

11/9 How to Test Usability (Observation)

Combine modeling !~ith rapid prototyping.
As prototypes are developed, parameter estimation can proceed based on
data collected on user’s interaction with each sample interface, These
data can be used to build predictions of task completion times for new
portions of the interface and to compare alternative versions of thf?
interface prior to programming.
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1I/f O Usability and User Acceptance (observation)

Petiorm separate evaluations of usability and user acceptance.
The interface design that yields the lowest time to task completion or time
for initial learning is not always the one with the highest user acceptance.
User acceptance depends on a number of factors in addition to ease of
use and ease of learning. In order to maximize usability and user
acceptance, both must be evaluated in a quantitative fashion. Revisions
designed to improve one measure may have positive or negative effects
on the other.

11.5 User Acceptance

User acceptance of an interface is as important as usability. User acceptance describes
individual user’s comfort and willingness to perform work using the interface. Users
accept or reject interfaces for a variety of reasons, including but not limited to those that

determine the interface usabilip. This is best illustrated in online help systems.

An ideal online help facility gives brief advice that can be absorbed readily and applied

directly to the immediate problem of the user. Usabi[i@ of an online help facility is
affected most by the brevity and clarity of the advice, as well as how rapidly the user can
search for a specific topic. User acceptance, in contrast, is largely determined by the
user’s perception of the help text’s relevance to the current problem. Achieving task-
relevance is very difficult, even when the designers of an online help facility know a great

deal about the tasks users are likely to perfom on the interface There are a great many
help systems that are very usable (the user can navigate through the help files easily, and
the text is brief and well written) but have low levels of user acceptance because the
content of the help does not relate well to the user’s goal.

11.5.1 The multidimensional nature of user acceptance

The dimensions along which Users’ acceptance of an interface are measured include:

Time required to learn enough for acceptable performance.
Time required to complete routine tasks.
Similarity to prior ways of completing the same tasks.
Ease of performing procedures.
Ease of recove~ from errors.
Memory, perceptual and activity level burdens placed on the user.
Quality of interactions (tone, grade-level, efficiency).
Intrusiveness of interactions (computer vs human control of dialogues).
Support for pre-existing user crotches,
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An effective way to ensure ustir acceptance is to invcllve users in the design and
evaluation of interfaces early enough in the process so that their input may be a(;ted upon.
User acceptance should be quantified and the results used during an analysis of design
trade-offs.

11.5.2 The importance of user acceptance

User acceptance is crucial to overall system performance. h systems with low user
acceptance, many of the probllams associated with human-computer interaction become
magnified. There is a tendenc~[ for users to stop explsring the interface once they have
reached minimally acceptable proficiency (meaning they can complete the task within the
required time). Raising user skill requirements is not nearly as effective a solution as
building the interface to be acf:eptable from the start.

When systems lack user acceptance, users typically try to find a way around the system.
In some environments, this m<:ans a return to the old manual ways of completing the
tasks. In other environments, work-arounds develop that are not part of the approved
standard operating procedure; often critical steps are skipped ‘because users do not
recognize their importance.

11.5.3 Methods for measuring user acceptance

User acceptance is typically measured through structured surveys or observatio]os of
users. Because user acceptance is composed of many different factors and user? are
typically asked to evaluate each portion of the inter~dce on each acceptance factor, the
sumeys can become quite lonj~. In addition, survey instruments are subject to the
respondent’s own interpretation of the questions. Elaboration is often not allow,ad or fails
to communicate adequately the user’s impressions. observations of individual users can

yield additional detail and allow for clarification. Observations are, however, more time
consuming than completion o:fa survey instrument. By combining user acceptance testing
with user testing (e.g., usability testing), some time can be sa~)ed. The following
guidelines will assist in planning a realistic data collection effort for testing user
acceptance of the new system

11/11 When to Tesit User Acceptance Testing (Obsewation]l

Combine user acc(?ptance tests with f:onsistency and usability tests.
All of these data collection efforts presuppose the existence of prototype
interfaces with which users will work.
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1Ill 2 PreliminaW User Acceptance Tests (Observation)

Qbserve a small number of users to obtain preliminary data.
The costly and intrusive obsewation method should be used sparingly.
Information gathered during observations will assist in developing focused
questions for a survey instrument that can be more broadly disseminated.

11/1 3 What to Test for User Acceptance (Observation)

Survey users on a[l aspects of the interface.
Asking users whether or not any one particular feature is “acceptable” will
yield little useful information, Rather, users should be asked to report on
each of the factors listed in Section 11.5.1. Figure 11-5 provides sample
questions that apply.

11/14 How to Test User Acceptance (Observation)

Use the survey data to identi@ parts of the intetiace that need
improvement.
At the completion of one round of data collection, system designers will
have information on perceived consistency of the interface, usability, and
user acceptance, This information can be used to identify the most
problematic parts of the interface. To prioritize these problem areas for
revisions, designers should also consider the results of the task analysis
to determine which of the problem areas are likely to be encountered most
frequently.
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11.6

E
ut?stion YES/NO COMMENTS

Learning to operate the pl-ogram was easy.

It took a reasonable amolint of time to complete most
tasks.

Procedures were simple :ind required a minimum
number of steps.

Errors were easy to recover from. The error
messages gave useful information.

The intedace, menus and screens, were laid out in a
logical fashion.

The prompts and error m<?ssages were appmptiate in
tone fi.e. not degrading or condescending).

Command names and options made sense.
,

The computer did not tak<?over the work Or “get in the ~1

~toremembe==Pacing wascomfotiable, neither too fast nortoo slow.

Command names and what the commands dld were

There were few surptises. The computer worked as
expected. I I
Using the computer didn’t require relearning how to ~
do th> job.

~

Online help was informative.

The user manual was inft)rmatlve

It was easy to find the co]nmands and information
required to complete the task.

Figure 11-5. A sample questionnaire ~~ormeasuring user acceptance.

Managing Change

Once the interface is designedl and implemented, it must be maintained. New functions
may be added to the TMC that will need to be reflected in the interface. Problems maybe
discovered with existing finctions that will necessitate program revisions. New and better
ways to accomplish tasks will be suggested, some of which may require a change to the
interface. Managing change is a common problem in large systems such as those required

to operate a TMC. Program modules interact extensively so that changes to one section of
software code can have unforeseen effects on other aspects of system performance.
Changes are sometimes made without consulting or adequately informing users. Time
and effort may be wasted as users attempt to adjust to revisions. Planning for the life
cycle of the system can alleviate many of the potential problems associated with system
revisions.

Ideally, revisions would be cc,nducted using the same systems analysis approach
recommended for the system design. This is rarely the case. As a consequence, systems
that may start out as consistent, usable, and with high user acceptance can lose these
qualities over time. Designers and programmers involved in the revision process should
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adhere to the original standards document for the system, and they should, ideally,

conduct user testing prior to release of revisions.

System maintenance is often overlooked during the design process. Lacking a
predetermined maintenance plan (a process for evaluating modification proposals, a

schedule for release of revised software, and a list of the tasks associated with release of a
revision), many large systems lapse into a cycle of nearly continuous releases of software
revisions. This gives the system maintenance staff a constant work flow, but forces users
to absorb changes too frequently. Often, new changes are made before users have become
familiar with the previous set of revisions. The following information illustrates some of
the negative aspects of rapid change.

User errors increase. In rapidly changing systems, users have a difficult time staying
current. This is especially true in work environments with high resource utilization rates.

In such situations workers do not have time to learn about system changes either because
they themselves are too busy or the system and terminals are in constant use so that there
is no workstation time available for training.

A particular problem in rapidly changing systems is that infrequent users are incapable of
performing their assigned tasks. This is because the system changes faster than they can
learn.

Programming resources are wasted. In rapidly changing systems, it is not uncommon
to see the same program module or section of code changed several times over the course

of a year. Programmers involved in making each change must repeat the preliminary steps
of familiarizing themselves with the section of code and how it interacts with other
sections every time they begin a revision process. If, instead, changes are made less
frequently and are bundled so that several changes are made in one section at the same
time, some efficiency is gained.

Training becomes expensive. h changing systems, keeping users up-to-date is a
constant challenge. There is a tendency to provide user updates in as inexpensive a

fashion as possible (such as online bulletin board messages) and to generate these update
messages as a last step in the revision process, Users do not absorb this material readily.
(as)The alternative, providing tailored training for each change made to the system, is

expensive and requires time for developing and delivering the training.

Users aids become obsolete. The requirement to update user aids is a frequently

overlooked part of the software revision process. As a result, User manuals, online help,
job aids, tutorials, and decision support systems become out-of-date and fall into disuse.
Instead of helping users, these aids become a source of errors because the information
they contain is no longer correct.
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4 1/15 Software Revision (Observation)

Once software is in the production cycle (e.g., in an opening TMC),
changes shouidbe infrequent.
Unless modifications are critical, do not begin a change cycle until a
critical mass ofdesirlad modifications is reached. One-, two-, or three-year
cycles arenotreasorlable. Plan to make accumulated modifications ina
single design cycle, so that the same code does not need to be modified
several items.

11/1 6 Software Revision and Sofiware Support (Observation)

Modi@ software sulpport material to reflect software revisions.
On-line help, tutotials, and job aids should be included in the soffiware
modification schedule. The software suppor4 material should be released
at the same time the modified software is put into production. Use the
same guidelines for suppoti material modifications that are recommended
for initial support material design.

11/4 7 How to Revise the User Intetiace (Obsewation)

Use the same proc[?dures for designing and testing user interface
revisions that are r{?commended for initial user interface design.
Failure to follow good user-centered design principles when making
modifications to the interface may result in good designs going bad.

11.7 User Interface Guidelines

There are a number of publishad guides governing the design of user-computer interfaces.
Such standards are typically detailed and are usually adopted by reference or used to
explain optional implementati{jns of features in the interface. The most frequently cited

standards are:

Depatiment of Defense. (1989). MIL-HDBK-761A: Human Engineering

Guidelines for Management Information Systems. Washington, D. C.: DoD

International Business Machines Corporation. (1989a). Systems Application
Architecture, Common Use~ Access: Basic Interface Design Guide. ca~j, ~c:

IBM COT.
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International Business Machines Co~oration. (1989b). Systems Application
Architecture, Common User Access: Advanced Interface Design Guide. Boca

Raton, LA: IBM Corp.

Microsoft Press. (1995). Windows Interface Guidelines for Software Design.
Redmond, WA: Microsoft Corp.

Smith, S.L., and Mosier, J.L. (1986). Guidelines fo~ Designing User Inte~face

Sof@are. Bedford, MA: MITRE Corporation.

Other useful sources include:

Department of Defense (1992). Defense Info~mation Systems Agency; Center for
Information Management. Human Computer Interface Sple Guide (Version 1).

Washington, D. C.: DoD.

Powell, J. (1991). Designing User Interfaces. San Marcos, CA: Microtrend
Books.

Schneiderman, B. (1987). Designing the User Interface: Strategies for E~ective
Human-Computer Interaction. Reading, MA: Addison-Wesley.

The decisions of which standard to adopt and which options to exercise within each
standard are best made through discussions with users in the first phase of system design
(see Figure 11- 1). As noted in Section 11.2, adherence to an overall standard does not

ensure consistency and usability. The design team should develop a style manual that will
guide development of the interface, clearly specifying the interaction style (command-
based, menu-based, direct manipulation, combination) and presentation issues (entry
screens, windowing, highlighting, mapping, text styles, graphic styles, tabular styles) (See
Figure 11-2). The standards listed above will provide examples of most of the options for
presentation issues. The interface style manual should specify which options will be
employed in the interface.

Many of the standards apply only to one type of interaction style. For example, guidelines
for size and spacing of icons only apply to the direct manipulation interface. Location and
access mechanisms for menu items apply only to menu-based interfaces.

11.7.1 Data entry screens

Data entry screens are used for tasks involving user input and can also be used to display
some types of information. b the TMC environment, data entry screens are used for
operator identification (logging on), selection ofroadway segments for review, entering
messages for motorist displays, andspecifying values tousein an analysis,
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Navigation

11/1 8 Screen Navigation Methods (Observation)

Support multiple methods of moving from field to field in the ent~
screen.
(For example, use TAB, ENTER and “arrow” keys, automatic movement
when the current field is full, and mouse or other pointing device).

11/19 Backward Field Navigation (observation)

Allow users to move! back to previous fields and edit the previously
entered information.

11/20 Movement Between Screens (Observation)

in multiple screen e~ltry procedures, alllow users to move between
screens without losing information entered previously.
Allow use of the PAGE UP and PAGE DOWN keys, as well as other
movement methods (e.g., END followed by ENTER keystrokes, using
program function (PF) keys, a “go to” command followed by a page

number, and pointer indication of a “next page” icon or menu item).

11/21 Page Numbers (Observation)

In multiple screen elnt~ procedures, s~)ow the page number c~fthe
current screen.
Page numbers should be in the format “x of N“ and should appear in the
same location on each screen (e.g., in the upper right-hand corner).

f 1/22 Screen Titles (Observation)

Place a title at the tc~pof the entry screen.
This is not critical for simple systems with few data entry screens. In a
large TMC system, titles will help operators keep track of where tkley are
in the intetiace.



11/23 Global Entry Cancellation (observation)

Allow global cancellation of all entries on a screen.
Because global cancellation could result in unintentional deletion of useful
data, ensure that the user is aware of the risk. An inconsistent response
can be used to alert the user. For instance, in a menu dependent system,
the user could be required to fype the cancellation command, or typing
“yes” to confirm.

Active data input field

11/24 Active Field Highlight (observation)

Show users which field is active through use of highlighting
(blinking cursor, color change, shading, or other).

11/25 Data Entry (Obsewation)

Have users enter data directly into the active field.
Avoid a separate section of the screen for user inputs that are then
transferred to the active field.

11/26 Field Size (Observation)

Make the field large enough for complete input of the required entry.
Unless the field is used for input of long text messages, always display the
complete information as entered. Avoid truncated fields that scroll right or
left to view the complete entry.

Cut/Paste/Copy

11/27 How to Populate Fields (observation)

Automatically copy previously entered information into the active
screen.
Avoid having the user re-enter information such as operator identifiers and
roadway names more than once.
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~1/28 Copying (Observation)

Where applicable, allow users to copy information from one part of
the screen to anothe!r.
In windowing environtnents, allow copying between windows.

f 1/29 “Undo” Capability (Obse!rvation)

Allow the user to “undo” the most recent cuffpaste/copy actic~n. Note,
if something is “’cur from one area and a “paste” is specified but then
canceled, make sure the information is still retrievable. Alert the user

when a failure to retrieve the information will cause it to be lost.

Verification checks

11/30 Data Type andl Value Checks (Observation)

Check the information entered in each field for mismatches against
allowable data types and allowable values and provide an
appropriate error mlessage.
These checks should be immediate and should generate an error
message prompting the user for correct information whenever a mismatch
is discovered. This is especially crucial for operator identifications and

roadway names. Do not wait until the user has completed the entire data
entry screen to send an error message about invalid data in a field.

Require the user to correct the information before proceeding.

14/31 Verification of Actions (Observation)

Require the users to verify their intentions when the specifiei~ action
will cause loss of diata.
This is critical for glo!)al commands such as those used to cancel out of
the data entry screerl or delete all previously entered data.
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11/32 Consistency and Validity Checks (Observation)

When data accuracy is critical (e.g., when the data will become part
of the “historical” record), inseti checks for consistency and va[idity.
Prompt the user to confirm values that are outside of established norms
by aletiing the user to this fact and asking for verification.

Abbreviations

ff133 Data Enty Completion (Observation)

For information that is contained in the system’s database (such as a
street name or the name of the operator), allow the user to enter the
first letterslnumbers o%the identifier and have the software provide
the matching choices.
If the input is not enough to specify a unique entity (e.g., the operator
entered “Broad” and the locality has a Broad Street, Broadway, and Broad
Industrial Park), the system should display all matching items and prompt
the user to select one,

Error correction

41/34 Correction of Errors (Observation)

Allow users to correct data entry errors.
It is important to allow users to correct entries appearing in previous fields
and on previous ent~ screens. This requires support of special navigation
functions to allow users to go back through fields on the current entry
screen and back through previously entered screens, This can be
accomplished by activating BACK TAB and PAGE UP keys, and/or

supporting a pointing device such as a mouse or trackball.

11/35 Facilitation of Editing (Observation)

Once the user has returned to a prior data entry field, editing should
be facilitated through use of INSERT, DELETE, BACKSPACE and
cursor control keys for navigation through text.
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11.7.2 Windowing

Windowing allows access to more than one application (a program, file or graph.c) at
once. Typically, users require simultaneous access to compare or copy information,
obtain multiple views of a sitiation, or get help on how to perform a specific task In
most windowing systems, a user only interacts with one application at a time. The
corresponding window is said tc be “active” while the other windows are referrei to as
“inactive” or “background’ tasks. “Inactive” refers to the user’s current interaction with
the system — the user is interacting with one application and allowing the others to mn

without direct user input.

[ 1-6 presents the features of a typical windowed application. These include:

Title bar: lists the name of the application appearing in the window.
Menu bar: displays the names (headers) of available pull-down menus.
Hot buttons: display frequently used commands accessible through a single
keystroke.
Window frame: used to provide visual separation between adjacent windows and

for expanding or contracting the active window.
Window sizing buttons: used for expanding or contracting the window frame to
preset sizes.
Application area: space reserved for user inpu”: and information presentation.

Scroll bars: used for user-controlled vertical and horizontal movement through the
application area.

Status ba~ used for disc~lav of additional information such as cursor position, and. .

application mode (e.g., select, edit, delete, etc}l.

Guidelines for design of windows and the options available for Users’ interactions in a
windowing environment are published by the developers of the sofiware (e.g., Motif,

Open-Look, Windows, and X-Windows). Most of these apply to direct manipulation,
graphical user interface (GUI) designs. Some general guidelines may be found in the
DISAICIM Human Compute~ interface Style Guide. “0]

11/36 Pointing Devit:es (Obsewation~

Use a pointing devi{:e in windowing intetiaces.
Most systems that support windowing use a pointing device (mou!je,
trackball, light pen, or touch screen). These devices are superior to
keyboard entries for sizing, selecting, and positioning of windows.
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Figure 11-6. Typical windowed screen.

f ~137 Window Size and Location (Observation)

Allow the user to resize and reposition the windows.
Save the user-determined window sizing and placement as the default for the
next time the same application is accessed by the same user. Windowing can
speed performance of tasks, however, the time saved may be taken up in sizing
and positioning windows, However, saving window positions may be
counterproductive if more than one user will inherit the saved settings.

With support for pointing devices, window sizing should be controlled through pointing
at a corner or side of the window border followed by selecting and moving that corner or
side. Positioning should be controlled through pointing at a title bar (a header placed at
the top of the window) followed by selecting and moving the entire window to a new
location. (These operations are tWically called “point, click, and drag” movements.)
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Resizing and positioning througl~ keyboard input is clumsy, but can be supported through
menu selection or command inputs of new sizes and screen locations, if required.

Overlapping windows. Figure 11-7 shows a comparison of two presentation styles for
multiple windows; tiled and overlapping. Users prefer tiled to overlapping windows, even

when the tiled format slows down task performance. ‘6C)Do not overlap windows such
that necessa~ information from one application is covered when tile user accesses
another application. This is especially important for online help screens – users need to be

able to read the online help and /see how it applies to the problem they are attempting to
solve. ‘3’)

f 1/38 Warning and Error Message Windows (Obselwation)

Windows presenting warning or error messages should appear in
the center of the scr<?en and overlap otk!er windows.
Warning and error message windows should overlap and cover the

windows for other applications. Figure 11-8 shows a tiled window
presentation with an overlapping error message.

11/39 Window Size and Scrolling (Recommendation; 16)

Avoid requiring users to scroll.
Scrolling takes time. Llsers prefer windows sized to present complete
information. When this is impossible, left/tight, up/down, and page
up/page down scrolling should be available through scroll bars ancl cursor
control keys.

11.7.3 Dialog and text quality

Despite major advances in GUI interfaces, text is still an important medium of
information exchange between ~~sersand computers. 4,s a result, the most critical factor
determining usability and acceptance for most systems is the nature of the text-based
interaction programmed into the user-computer interface. Users and the interface carry on
a dialog as a necessary part of tslsk completion. The user selects or enters commands, the
computer responds with the req~lested action or a warning, erro:r or help message.

The most effective dialogues ar{athose in which the user’s input is interpreted
unambiguously by the interface and the desired result is obtained in as few steps as
possible. Often, however, that tl~euser’s input is ambi[;uous and/or the computer’s
response is not fully comprehended by the user.
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At the most fundamental level, users interact with the system by selecting and/or typing
words into the computer as commands that are intended to yield a desired result.
Unfortunately, system designers sometimes select words that hold conflicting meanings
in the system and in the experience of the user or are meaningless outside the realm of the
user-computer interface. As a result, users are forced to learn that “kill” will remove a file

from the disk, “mdir” will creal:e a directory, “VVV’ indicates that the computer is ready
to accept input, and the like. Table 11-1 presents examples of the varying comrn~nds for
removing a file from a directory in some familiar operating systems.

The system may present long strings of words to users in the form of error or help
messages, and as support for decision making. If these messages are ambiguous, too long,

hard to read, or perceived as impefiinent, users will reject the assistance.

Improving the quality of the dialog between users ancl the computer is largely a matter of
improving the text presented to users, The major issues regarding text presentation are:

e precisionandnaturalness
@ Length.
@ Organization.
e Readability.
@ Tone.



Table 11-1. Alternative commands for deleting files.

Operation System Root Word

~IX I rm I ReMove

VMS, VME, 0S/2, MS>

1

del

1

DELete
Pc

HARRIS el ELiminate
, 1

CP/M, VM/CMS era ERAse

0S/360 decatalog DECATALOG

0s/400 dltf DeLete File

AfierGweiandFoxley(1987,1990)

Each of these issues is considered in the following Widelines:

Precision and naturalness of text

11/40 Command Name Selection (Recommendation; 51)’

Choose unambiguous, semantically correct names for commands.
If the user is typing in the command, allow but do not require

abbreviations (e.g. “mdir” and “make directory” should be allowable

commands).

11/41 Command Language (Recommendation; 51)

Use natural English language phrases and support the use of
synonymous terminology.
“ENTER or “GO” are preferable alternatives to “F7QX359LM.”
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Length of text

q1/42 Interaction Length (Recommendation; 32)

Conduct interactions in as few words as possible.
Use concise commands, action words, and bulletined phrases rather than

long sentences.

11/43 Decision SupIport Text Length (Recommendation; 32)

Avoid long sentences and paragraphs in error, help, and decision
support texts.

Organization of text

11/44 Lists (Recommendation; 31)

Use bullets to presf!nt lists.

11/45 Highlighting c~fKey Information (Recommendation; 32)

One way to highligk~t key information i!sto place it at the beginning of
a message.

11/46 How to Organize Text (Recommendation; 42~

Facilitate rapid sca~lning of long text items by use of highligklting
and additional space around the most important information.

11/47 Presentation Drder (Recommendzltion; 31)

Present procedures with the steps listed in the correct sequence.



f 1/48 Organization of Text (Recommendation; 31)

Use headings and subheadings to organize text into easily
understood segments.

11.8 Interaction Methods

The preceding guidelines pertain to all interfaces regardless of the method by which users
and computers interact. The four main interaction styles are:

e Command-based.
~ Menu-based.
@ Direct Manipulation (or graphical user interface – GUI)
@ Combinations.

11.8.1 Command-based interfaces

Figure 11-9 presents a sample dialog from a command-based interface. Typical
command-based interfaces require users to enter keyboard instructions. Users usually rely
on memory to recall the command name and the correct syntax. Advantages of such
interfaces are low programming costs, low demand on computer resources, rapid response
to user input, and Users’ perception of having direct control over the computer,
Disadvantages are that these interfaces place a heavy reliance on human memory, are

difficult to learn, and promote learning about the computer rather than the task.

A WORSTCASESCENARIO

At two sites, signal control software presumed “all intersections” as a default value, with no “trap”
to prevent unintentional lapse to the default (e.g., “DO you really want to set all signals to flash?).
A similar problem at another site suggested one extraordinarily troublesome scenatio, one which
is not an unlikely event, since entering <1> on this system will invoke an ordinay setup, and <11>
will cause immediate system shutdown. Accidental double-keying is a common manual error. If an
operator shut down the system by mistake, restoring the otiginai signal condition could take
several minutes. In addition, the system could be sabotaged with devastating effect by (1) deleting
signal patterns, and (2) deleting backups, Correction would take days, during which all signals in

the relevant area would flash red.

Common to these interface problems was one worrisome characteristic In terms of number of
keystrokes, if was eas;er to make a m;sfake than to enter the correct commands. In the example
cited above, @o errors are required in succession to bring the system to chaos (accepting a
dangerous default then turning the system off), Both errors had already occurred in isolation;
eventually they may occur in conjunction.
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As computers have become more powerful, both in processing speed and memory
capacity, command-based interfaces have become less popular, although many are still in
use and will continue to be supported for the foreseeable future. In addition, command-
based interactions still form a major part of interfaces that are generally considered to be
menu-based or direct manipulation interfaces. Guidelines for the design of command-

based interfaces fall into the following areas:

e
e
@
e

Command naming conventions.
Command syntax.
Command sequencing.
Reducing Users’ cognitive load

WIN> MB

MESSAGE BOARD UTILITY PROGW

Enter desire5 message.

:Accident at Bradley Road (Exit 7)
:Expect 1 Hour Delay
:Detour: Exit 6 to Abrams Road West

MORE?> N

MESSAGE BOARD UTILITY PROGRAM

Enter variable message sign number(s) :

4N95, 5N95, 6N95

YOU HAVE ENTERED THE MESSAGE
“Accident at Bradley Road (Exit 7) .

Expect 1 Hour Delay.

Detour: Exit 6 to Abrams Road West.’f

FOR DISPLAY ON VARIABLE SIGN NUMBERS:
4N95

5N95
6N95

IS THIS CORRECT?> Y

Figure 11-9. Command-based dialog.

Command naming conventions. Relevant guidance is presented below and in Section
11.8.3



71/49 Command Name Selection (Recommendation; 51)

Choose relevant, meaningful names for commands.
Ideally, all command names should be tested with users to ensure that the
majority readily understand what the command does and are not apt to
confuse it with similar commands.

11/50 Common Names (Recommendation; 51)

Select action verbs as command names.
For example, “save” is considered a better command name than “file” for
specifying the action of retaining work for later use. One reason for this is
that “file” is both a noun and a verb and users typically think of the noun
first. “Save’r is less ambiguous.

1?/51 Definition Consistency (Recommendation; 51)

Be consistent. Define each command to speci~ only one action and
retain that command throughout the interface.

Command syntax. Some command-based interfaces require exact ent~ of the command
(and associated options) including precise location of spaces and punctuation, and the use

of upper or lower case letters. These requirements determine the command s~tax. The
following guidelines apply

11/52 Command Syntax (Recommendation; 38)

Be consistent with command syntax.
Users readily learn command syntax at a conceptual level and can use
that understanding to reduce their error rates when using new commands.
Important features of commands are the names of options and how they
are specified, punctuation used for separating options from one another,
and the specific ordering for options and other parts of the command
(such as input and output file names or devices).
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11/53 Option Nam[>s and Syntax (Recommendation; 38~

Use unambiguous names for options.
Option names should follow the same g!Jidelines as command names,
with the exception that they are almost always single-letter abbreviations

of the true name (e.g., “V for “YES”; ‘“A for “ABOR~). Option names
should be semantically correct and not conflict with command names.

11/54 Selection of Default Options (Ob!jervation~

Use those options that are most frequently used as defaults.
Default options are those that need not be specified when the command
is entered,

Command sequencing. h a command-basedinterface, the user inputs a sequence of
commands in a step-by-step fashion. Often, the sequencing of steps may not appear
critical from the user’s point uf view but maybe quite important for successful
completion. The following guidelines apply:

11/55 Command Option Order (Observation~

Use familiar sequc~nces if available.
For tasks that are already performed prior to the design of the interface,
maintain procedures in the current sequence.

11/56 Command Option Consistency (Observation~

For steps that do ulot have a natural sequence, determine the best
sequence through user testing and then use that sequence in all
similar procedure!;.

Reducing the user’s cognitive load. Command-based interfaces typically plaf:e more

demands on the user than menu-based or direct manipulation interfaces. h particular,
users of command-based interfaces are required to recall command names, options,
s~tax, and sequencing. k cc}mplex procedures involving several commands, I[henumber
of individual items to recall can exceed the user’s capacity. These guidelines ae aimed at
reducing the load on users through training, online help, and user documentation.
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11/57 What Commands Do (Recommendation; 38)

Ensure that users understand the actions of each command.
Users who understand command functions through training and
experience are better able to recognize errors than users who know only
the names of commands and when to insert them into a procedure.

11/58 Action Flowchati (Recommendation; 25)

Use graphical, flowchart-style presentations to explain the actions of
each command.
Users more readily recognize command syntax errors when commands
are explained in flowchart versus text-based fashion. In addition, flowchart
presentations eliminate performance decrements typically seen for users
attempting to learn complex commands (those with many options and/or
requiting multiple file specifications).

11/59 Command Syntax for Online Help (Observation)

Online help and other user aids should present the command syntax
as the user should type it at the keyboard.
The header on the help screen or user aid should be the command itself,
presented in the appropriate syntax for input by the user. Additional

information should explain the use of the command and its options and

provide the correct syntax for specifying options.

11/60 Online Help Examples (Recommendation; 32)

Provide at least two examples for each command in online help; one
showing the minimum input required (e.g. no options specified, all
defaults accepted) and another showing the specification of several
options.
The simpler example shows the user how to implement the command
without having to know all of its various features. The more complex
example shows the user a more sophisticated use of the command.

Figure 11-10 presents an acceptable help screen for a command in a hWothetical TMC.
The first line of the help screen displays the minimum input required to display a message
on a variable message sign. This line also defines the finction of the command — what it
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actually does. Note, in this hypothetical example, the command to display a message is
part of a procedure requiring st~veral commands of which the example shows only one.

A more complex example of tbe commands use is presented below the header. This

example is shown in graphic form with each of the options labeled. The table below the
complex example shows the d(?faults and allowable values for each of the command

P
Remind operator
eve~ x minutes

E

F~gure 11-10. Help message for a command-based function.

Command-based interfaces can be cumbersome to use and difficult to learn. Tile name of
the command for inserting a message on a variable message sign, for example, might be
“DM;’ an abbreviation of “Display Message.” Many interface designs (including ~~,
MS-DOS, and IBM VM-CMS) make use of such abbreviations. The problem ulsers face is
that efficient operation of the interface requires that they remember large amounts of
cryptic information.
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11.8.2 N’atural language interfaces

One solution has been to program the interface to accept commands written in standard
English. Systems of this type are designed to translate a range of user inputs into the
synonymous system-specific command. In the display message example, a user working
on a natural language interface might be allowed to input any of the following commands
and achieve the same result:

@ DM(3 ,1,F).
e Display Message, 3 min reminder, 1 hr turn off, flashing.

a Message Display, 3,1,F,

@ Show message flashing for 1 hr and remind me every 3 min.
@ Send message. Remind at 3 min intervals. Turn it off after 1 hr. Highlight by

flashing.

To accomplish the necessary translation, the interface must be programmed to recognize
key words and look up the synonpous command using a computerized version of a
thesaurus, In addition, since users may input a variety of sentence types (from fragments
to compound sentences), the program must be able to pick out the words specifying
actions and options in order to translate them appropriately. Figure 11-11 presents au

example of a simple system that provides a natural language interface for ~IX by
allowing users to send their commands to an online thesaurus for translation. (58)

The main advantage of natural language interfaces is that they are easy to learn, If the user
does not bow the appropriate command, input of a s~onyrn will usually achieve the

desired result. Such interfaces can enable novices to perform effectively on their first
exposure to the system.

There are disadvantages to natural language interfaces. The interface requires increased
system resources (computer hardware and software) when compared to a standard
command-based interface. Translating user inputs takes time and requires significant
computer processing and storage resources, k addition, the advantages of allowing users
to input commands in their own words may decrease over time. Experienced users tend to
use the system’s standard commands as these require fewer keystrokes than the English
language forms. (This advantage may not hold true if commands are entered by voice
rather than by keying.) When using keyboard-based entry systems, the benefits of natural
language interfaces may be shofi-lived and restricted to novice users.

Guidelines for the design of natural language interfaces fall into the following areas:

e User testing and acceptance requirements.
~ Dealing with ambiguous inputs.

e Guiding users to system-specific command usage
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User testing and acceptance r(:quirements. Because natural language interfaces are
intended to make the system “transparent” to the user by accepting any equivalent input

as correct, there are specific user testing requirements for the design of these systems.

—

SAMPLE OF A NATUWL LANGUAGE I>IALOG
(based on Gwei & Foxley, 1989)

—
(Computer prornpt.s and responses ar@ in normal font.

User input is italicized)

flAIN>send message

NOTE: TO display a message on a variable message
sign, you must first create the message using the
Message Board (MB) utility.

4AIN> message boara’

4ESSAGE BOARD UTILITY PROGRAM
Inter desired message.

:Acciden t a t Bradley Road (Exit 7)
:Expect 1 Hour Delay
:Detour: Exit 6 to Abrams Road fi~est

~ore? No

4ESSAGE BOARD UTILITY PROGRAM
3nter variable message sign numbers (s):

Interstate 95, North. Exits 4 through 6

YOU HAVE ENTERED TH.EMESSAGE
“Accident at Bradley Road (Exit.7)

Expect 1 F,ourDelay.
Detour: Exit 6 to Abrams Road blest.“

FOR DISPLAY ON VARIABLE MESSAGE SIGN NUMBERS:
4N95
5N95
6N95

IS THIS CORRECT? l{es
Use display message? (DM) comand to implement

MAIN> send message
—

F!gure 11-11. Natural language dialog to post variable message sign.



1l/6f Acceptable Translation Performance (Observation)

User’s inputs must be translated within acceptable error rates.
There is no defined level of acceptable error so this guideline implies user

acceptance testing specifically aimed at defining satisfactory performance

for the translation functions. Ideally, the list of synonyms will be developed

through user testing.

11/62 System Response Time Limits (Observation)

Response times must be within acceptable limits.
Translation adds a step between user input and system action. This step
will take some non-trivial amount of time to look up potential synonyms
and to verify that the input is not ambiguous. System response is

constrained, however, by the maximum delay that users are willing to

accept. While user acceptance should be tested to define the acceptable
limits, delays of more than a few seconds are unlikely to be tolerated.

Dealing with ambiguous inputs. h simpler, command-based interfaces, input that is not
part of the interface command list will generate an error message. h natural langaage

interfaces, there are potentially limitless numbers of acceptable inputs. Some of these
iriputs may remain meaningless to the system (i.e., they cannot be translated into a system
command) while others may be ambiguous (i.e., they can be translated into more than one
system command). In the first case, a standard error message (e.g., “Command or file
name not recognized’) will suffice. h the case of ambiguous user input, it is possible to
provide assistance to the user by’s’)

@ Requesting clarificationof the last input.

@ Listing the two or more system commands that appear to match the user’s input.
@ Perform, with positive verification by the user, the command that makes the most

logical sense given the user’s current task.

Guiding users to more efficient use of the system-specific commands. With a natural
language interface, it is tempting to assume that users do not need training on the system’s
commands (i.e., the commands into which all other inputs are translated). Use of the
system’s commands is faster and requires fewer computer resources than use of
synonymous commands. k addition, users should be able to converse with one another
regarding system functions. This requires that they know a standard set of commands for

operating the interface.
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11/63 Natural Language Translation (Observation)

Display the system c~>mmand inferred from the user input.
This will display the correct commandto the user for future reference. In

addition, if the user intf;nded a different command, showing the translation

on-screen will serve as a verification step, giving the user an opportunity
to revise the last input.

11/64 Natural Language Commands and User Nds (Observation)

Use system command names in online help, job aids, tutorials, and
manuals.
This will facilitate communication between users and help users become
familiar with the correct command names.

11.8.3 Menu-based interfaces

Menu-based interfaces are designed to improve Users’ performance by eliminating the
need to recall command names from memog. Like command-based interfaces, menu

systems accept only predefine command names as correct input. Unlike comma~.d-based
interfaces, menu-based interfaces allow the user to select the correct command frclm a list
(the menu) presented onscreen. Figure 11-12 presents n simple menu-based interface and
introduces some of the terminology that will be used ic. this section.

Selection of menu items is t~ically via a pointing device, an ALT+key or Function key
sequence, andor cursor movement using the arrow keys. Menus are presented in (one of
three ways: onscreen at all times, pull-down from an onscreerr list item, or pop-up from

an onscreen item or “hot key” input (e.g., clicking the right-hand mouse button).

For commands that require further input, such as a file name or specification of options,
supplemental menus and data entry fields are presented when the user selects the
command, Guidelines for menu-based interfaces fall under five main areas:

e Composition and organk!ation of lists.
@ Presentation of menus.
@ Presentation of menu ite]ms.
. Selection methods.
e User aids for navigating menus.

Composition and organization, of lists. User-computsr interfaces in the TMC
environment make use of several hundred commands to control the various functions of
the system. Organizing these co:mmands into menus that users can select from effectively
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and efficiently requires extensive user testing during the design stage. The following

guidelines will provide good starting points for the initial design of menus which can then
be revised as the result of user testi~g~

r

Figure 11-12. Menu-based entry screen.

$1/65 Grouping of Related Commands (Recommendation; 40)

Group logically related commands within menu lists.
Commands for cameras should be grouped together, commands for
timing plans should be in another group, and so forth. Groups should be
segregated by lines or white space.

11/66 Menu [tern Order (Recommendation; 40)

Present menu items in order Of their frequency of use, importance,
relationship to other list items, or sequence of use.
When the ordering cannot be determined by one of these criteria,

alphabetical ordering should be used.
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11/67 Menu Use in Different Contexts (Recommendation; 40)

When the same menu is displayed in different contexts, the order of
list items should remzlin consistent.
This is true even if the most efficient ordering of menu items is different for
the different contexts.

Presentation of menus. There are three basic methods for presenting menus; onscreen
constantly, pull-down, and pop-u]?. The three different methods are used for different
purposes as described in the following guidelines:

f 1/68 Presentation of Frequent Actions (Obsevtation]

Use consistent presentation order for frequently used actions that
apply in most contexts in the system.
Examples in the TMC ~!nvironment might include the commands used to
specify a roadway segment, view a map and view current data. Another
type of constant preserltation menu is used to display the headings of
pull-down menus.

11/69 Pull-Down MenlJs (I?ecommendation; 40)

Use pull-down menus to display a list of commands that are logically
related to the header and branch from a menu item.
When the header is selected, the remainder of the menu should be
immediately displayed below it. Headers are labels that describe the
contents of the menu tlhat will be displayed when that header is selected.
For example, a header might be the word “Display,” and the pull-dclwn
menu might contain commands for displaying a map, a graph, a table, or
a video picture. Another header might be the word “Window” and its pull-
down menu might contain commands not c)nly for splitting the screen into
multiple display areas, but also for sizing and arranging those screen
areas.
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11/74 Separation of Groups of Items (Recommendation; 40)

For lists longer thar~ five to seven items, group items within tlhe list
and then separate t!lese groups. Separation can be achieved with
horizontal lines across the column or add additional white space (blank
lines) between groups. Within each grouFl, put the most frequentl~l used
commands first.

11/75 Display of Menu Items (Recommendation; 40)

Display all menu items, even those that are currently inactive (i.e.,
those that are not available or applicable in the current context).
Display inactive items in a reemphasized highlighting scheme such as
unbolded text, italics, or in a light colored (e.g., light grey) font or surround.

Selection methods. Most menu-based systems allow for multiple selection methods. As
users become more familiar with the interface, they will often use shofi-cuts where
available, thereby increasing tkkeirefficiency. The following guidelines govern tl~e

methods used to select menu items:

11/76 Method for M(enu Item Selection (Recommendation; 40)

Use a pointing device (e.g., mouse, trackball, louch screen) as the
main selection metlhod.

11/77 Size of Pointing Area (Recommendatio~; 40),

Design the pointin$~ area surrounding each menu item to be
suticiently large.
Small pointing areas lead to errors. This is especially critical for touch
screen implementati+cns since the pointing area has to accommodate the
range of human finglsr diameters. Leave sufficient dead space between
adjacent pointing ar~?asto avoid selection errors.

II-49



11/78 Keyboard Menu Selection (Recommendation; 40)

Allow menu selection via the keyboard cursor control keys as an
alternative to pointing devices.
Typically arrow keys and TAB keys are used; other candidate keys include
the Function, HOME, END, PAGE UP, and PAGE DOWN keys,
depending upon the application.

11/79 Menu Selection Commands (Recommendation; 40)

Allow users to implement commands without use of a pointing
device or the cursor control keys.
Typically, this is accomplished by making each menu item accessible via
an ALT+key sequence. For example, the command to save a file might be
selected through the pointing device by selecting “File” to obtain a pull-
down menu, then selecting “Save” from within that menu. The same
action might be accomplished by keying ALT F followed by ALT S, where
F stands for file and S stands for save. These ALT+key sequences
function as a command-based interface for experienced users and
provide short cuts as they typically take less time to perform than the
typical selection using a pointing device.

11/80 Keyboard Command Indications (Recommendation; 40)

When keyboard commands (such as the ALT+key sequences) are
available as a means of menu selection, incorporate the correct key
sequence into the menu item’s label.
For example, if “File” can be accessed by keying ALT F, underline the
letter F in “~le” as shown. Use a single letter code that uniquely identifies
each item in the menu. Avoid use of numeric coding as these labels are
artificial and also constrain the system from later expansion. With an
embedded letter code (using the first letter of each menu item where
possible), menu items can change position on the list and new items can
be added in their most logical location without changing pre-existing
codes.

User aids for navigating menus. One of the drawbacks of menu-based interfaces is that
users can quickly become lost in a complex structure. Even with well designed headers, it
is not always possible for users to recall what items are in which pull-down menu. This is
especially true for interfaces with several layers of menus. h addition, interfaces like
those for the TMC often support multiple modes of operation (such as edit, preview,
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analyze, etc.) which cause somf>menu items to be activated and others to be inactivated.
Users will benefit from cues that remind them of the current opemtiug mode and, thus,
help them avoid looking for cu]-rently unavailable menu items.

11/81 Menu Hierarcl]y Map (Recommendation; 28)

Produce a map of the menu structure showing which commands are
in which menus.
The map functions as a job aid and should be provided to all users in
paper form and posted in a visible location in the work area. Keep the
map up to date.

11/82 Selected MentJ Item Indication (Recommendation; 40)

Highlight the select[?d menu item.
As users point to menu items, change the appearance of the currently
selected item (e.g., change its color, size or brightness) so that users
know where they are in the menu. Where necessa~, provide a btief
explanation of the currently selected item by presenting a definition at the
bottom of the screen.

44/83 Menu Navigation (Recommendation; 40)

Assign the function “back one menu level” to the ESC key.
By using the ESC key, a user should be able to back completely out of
any portion of the menu system until arrival at the main application>
screen.

11.8.4 Direct manipulation interfact~/graphical user interface (GUI)

Most direct manipulation , or point and click, interface sare of the GUI variety so that the

terms are used synon~ously. 13irect manipulation interfaces are almost always designed
to operate in a windows environment. They are typically designed around a desktop
metaphor, meaning that users are meant to view the interface as if it were their own desk
consisting of a flat surface upon which files are amayed. Software tools such as scissors,
tape and notepads are present.

The main features of direct manipulation interfaces are the use of graphic on-screen icons
that represent actions, programs and files available in the system, Figure 11-13 (next
page) presents a sample of such an interface. “ ,,, ,., ,,. ,
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there are no intermediaries (such as commands or menus) between the user and the work
to be performed. The user works directly on the screen which displays information.

FileandDiskUtilities
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Figure 11-13. SampIe direct manipulation interface.

The advantages of direct manipulation interfaces include their intuitiveness, simplicity
and flexibility. Novice users find this type of interface easier to learn than an equivalent
command-based or menu-based interface. The interfaces are adaptable to the needs of
different users through customizing functions (placement and grouping of icons, sizing of
windows, reduction of clutter, etc.) that each user can access to make the interface match
their own preferences. In addition, direct manipulation interfaces allow system changes to

be made transparent to the user. In command-based interfaces, when a command changes
or the file reference changes, users must be made aware of the change in order to continue
operating the interface effectively. In a direct manipulation interface, the changes are said
to be transparent because the user need never learn the new command or file name – as
long as the icon remains the same, users will still be able to perform the desired task,
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Disadvantages include increased computer resource requirements (additional memory,

faster processing units, more capable displays and graphics boards, etc.), slower
performance for some tasks and consequently low acceptance among experienced users,
and lack of standardization among users if they are allowed to customize their own
interfaces.

Guidelines for direct manipulation interfaces incorporate those for windows presented in
Section 11.8.2 along with some that are specific to the design and presentation of icons
within the desktop metaphor. These guidelines fall under the following categories.

Icon design and testinj;.

Consistency and meaning in metaphor.
User-specific customilting.
Aids to navigation.

Icon design and testing. User testing is critical to the design of icons that are easily
recognized and readily distinguishable by most users. Successful design will result in

reduced training requirements.

f 1/84 Icon Testing (Recommendation; 40)-

Test icons among representative users.
The tests should consist of comparisons between alternative icon designs
and the Users’ perc(?ption of the match between icons and the associated
actions, programs and files. Usertesting should also beused to ensure
that the icons in the final set are easily discriminable.

f 1/85 Design of lcc~ns (Recommendation; 40)

Design icons to symbolize the actions, files, or programs that they
represent.
Wherever possible use generally recognized objects as pictures of the
represented item. Tllisis simple and ob\dous foractions such as’’cuV and
“paste” where any of several satisfactoql alternatives (e.g., scissors and
glue) would be readily understood by us:rs, Other items (e.g., predictive
traffic model) may not have a good visual representation. User testing of
alternative designs l>ecomes critica[ in these cases. In many systems,
using a word instead of the icon has proven to be the best alternative.
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14/86 Color Use in ICOD Design (Recommendation; 40)

Use color in the design of icons. However, color should not be the only
or the most saiient difference between any pair of icons. Icons should be
positive visual images (dark on a light background).

11/87 Icon size (Recommendation; 40)

The graphic potiion of icons should measure af \east 0.64 x 0.64 cm
(0.25 in x 0.25 in).
This will reduce the time required to position the cursor and help to reduce
selection errors.

f 1/88 Icon Size and Locations (Recommendation; 40)

use consistent sizing, placement and groupings of icons.
Individual icons should, unless otherwise changed by the user, always
appear in the same grouping and in the same location whenever the icon
is displayed.

Consistency and meaning in metaphor. The most commo~l direct manipulation
interfaces were developed for the office environment and have been designed to make use
of the familiarity of that environment among the user population. The desktop metaphor
is readily understood by office workers for whom a file laying on a flat surface closely
matches their normal way of working. Other metaphors are possible. The goal is to seiect
a metaphor that feels natural to the user population and, at the same time, adds to its
understanding of how the system operates,’78) Whatever the selected metaphor, the

following guidelines will help to ensure that it is applied consistently throughout the
interface and results in efficient performance by the system’s users.

? 1/89 Metaphor Selection (Recommendation; 22)

Choose only one metaphor and apply it throughout the entire
intetiace.
Inconsistent application of a metaphor can confuse users and inhibit the
formation of correct mental models of the system’s functioning. ’72)
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11/90 Metaphor Meaningfulness (Recommendation; 17, 40),

Adopt a metaphor that is meaningful to the user population.
Ideally, the selected metaphor will be from the subject domain (e.g., traffic
management), however the design trade-offs may be such that the most
cost effective solution is the desktop metaphor. If so, make sure that this
is a representation wlith which the intended users are comfortable and
familiar.

User-specific customizing. One of the advantages of direct manipulation interfaces,
adaptability to individual user’s needs, is also a potential drawback. Problems can arise
when a user customizes the interface and then requires help from either a technical
support person or another user. The differences between Users’ screen setups can be large
and may lead to confusion and inefficiency in cases when one user attempts to work with
another’s interface. The following guidelines are intended to constrain the types of
customizing that individuals can perform, thus maintaining a minimum level of

standardization between users.

~l/9f Standardization of Icon Set (Observational

Adopt and maintain a standard set of icons.
Unlike most systems, in the TMC environment it will be necessaly to block
users from designing or assigning their nwn icons to actions, programs,
and files. Lack of standardization will mt]ke it difficult for users to obtain
assistance from anyone else in the TMC.

11/92 Configuration Files (Observation

Each user’s setup configuration should be saved in a file, a!; should
the default con figliration.
At any workstation in the system, it should be possible to call up any of
the saved configurations and reformat the screen accordingly. A. user’s
own configuration should load automatically on any comparable
workstation.

Aids to navigation. The icons in a direct manipulation interface are equivalent to the list
items in a menu-based interface. Typically, icons are grouped within windows that can be
considered the graphic equivalent of menu headers. hr large systems, such as a.TMC, it is
impractical to show all the available windows and icons onscreen at the same time, For
that reason, users are typically presented with one or more o]?en windows, only one of
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60LOR ANO SHAOING IN HIINDOWS

Many modern packages that use windows for navigation, warning, and other purposes make poor
use of color. Some allow the user to choose borders, background and foreground colors from a
wide palette of hues. These choi[;es can have a bad effect on intelligibility, if users chose clashing,
saturated combinations that adve?tise the capacity of the computer to generate color rather than
the information that is displayed.

Contemporary applications tend to use color effectively. Color is useful in windowed displays
because it reduces the prevalence of grid noise. Borders of quiet color can define windows
without harsh, high-contrasi lines and bars that detract from the readability of text. Tufte (1990)
suggests that such fields be light in value (bright), and that selected windows be bordered in
yellow (which is the only color available that can be both light in value and saturated; see Chapter
8 for definition of color attributes).

Another recent innovation in GUI interfaces, particularly of the windowed type, is the use of edge
shading of active screen areas tcI reinforce the “button” metaphor. Such shaded (called
“sculpted”) areas create the illusion of a three-dimensional key or button, and, by extension, gives
the operator the illusion of “pushing” the button with the cursor.

The three-dimensional effect is accomplished by placing a light edge on the upper and left edges
of the rectangular area and a darker “shadow” on the rigkltand bottom edges (reversing this
pattern creates the effect of a recessed, rather than raised, button; for some reason, the visual
system expects the light source to be in the upper left). It is also helpful to add a thin back border
around the sculpted button, a trick that increases the effect of the light edges by a visual process
called lateral inhibition, and adds the impression of a socl<et into which the “button” is fitted.

This may seem an extravagant way to use system memory but it has the advantage of clearly
identi~ing “active areas” that can be manipulated using the selector device.

11/97 Highlighting Wthin Active Wndow (Recommendation; 40]1

Within the active window, use highlighting to indicate the currently
selected icon.
The selected icon is one which the user has poirlted to, but not yet called
into active status (e.g., the icon for a program has been selected but the
program has not been launched or run). Indicate selection either by

drawing a box around the currently selected icon or changing the

background color of the icon and/or its label.
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11198 Presentation of items On-screen (Recommendation; 40)

When the user has exited a program or reduced the size of a
window, all previously covered windows and icons should be
presented on-screen without any change in their position or size.
All associated windows should close automatically when the main window
is closed.

1 1/99 Locating Items in the Intetiace (Recommendation; 40)

Give users a search function to provide a quick means of finding any
item in the intetiace.
The typical way this is suppotied is through a combination of a file

manager program and a browse function. Both of these allow users to

search for items by name or file type. it would also be useful to allow
users to enter commands directly in order to launch (run) programs, if they
choose. In a direct manipulation interface, this equates to opening a
dialog box and enteting the command name,

11.8.5 Combination interfaces

There are almost no menu-based or direct manipulation interfaces that are purely of one
type or the other. In addition, most interfaces include a command-based method of
interaction. k a menu-based system, selection of menu items can become tedious,
especially for repetitive uses of options that are two or more layers deep in the menu
structure. Calling each successive menu takes time and displays more information than
the user needs, Similar experiences are common with direct manipulation interfaces.
Selection of an icon maybe only the first step in a Iengthy procedure which, if repeated

often enough, becomes fmstrating to users. In some cases users find it simpler and fastel
to enter a sequence of commands via the keyboard.

Presently, there is no clear body of research to supply guidelines for design of
combination interfaces that will allow predetermination of when to support which method
of interaction, Some preliminary guidelines can be stated in the following areas:

@ Keyboard selection ofmenu-items and icons
@ Macro commands,
@ User testing.

Keyboard selection of menu-items and icons. In menu-based and direct manipulation
interfaces, users will often find it faster to select actions, files, or programs using tile
keyboard. This is especially true for items that are located deep in the menu structure or
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several windows deep in the windows structure. The following guidelines describe
methods of keyboard input that can be suppofied in menu-based and direct manipulation
environments.

11/100 Command Support in Menu-Based Interfaces (Observation)

In menu-based environments, support (ALT+key) sequence codes.
This is essentially a command-based interface embedded within the

menu-based one. Experienced users will find it faster to access frequently
used commands through the ALT+key sequences.

11/101 Icon Selectic~n Support (Observation)

In direct manipulatitan environments, support icon selection through
use of a CTL+key, A,LT+key, or Function key sequence.

?1/102 Use of a Run Dialog (Observation)

Allow users in either menu-based or direct manipulation interfaces
to enter commands directly through a IFundialog.
When users know th~>name of the command or program they wish to run,
they should be allowc?d to avoid the menu structure and thus save the
steps associated with displaying sequential menus or accessing any of the
windows. Figure 11-14 shows the use of a Run Dialog box in menu-based

and direct manipulatit>n interfaces.

Macro commands. For freque]~tly used procedures, users become frustrated by having to
repeat the same steps each time, This is especially trots when those steps involve

accessing a series of menus or windows, followed by specification of options that had
been set previously. The following guidelines describe the use of macro commands that
automatically step through the ]?rocedure after only a single user input,



tile Message Mew map Qraphics Decision Help
I

+’Plot

Save

Save 3s...

Figure 11-14. Use of a RUN dialog box in a combination interface.

—

Build macro commands for the most frequently used items that are
at least one layer deep in the menu or window structure to provide
access to these functions at a single step.
In the TMC environment, the user and task analyses petiormed in
phase 4 of intetiace design will help to determine which interface
functions are most likely to be used. In addition to placing these functions
in the most appropriate menu or window, consider presenting an on-
screen “hot key” or “button” to allow implementation through a single
selection. !n menu-based interfaces, hot keys are constantly in an on-
screen menu and can be accessed either through the pointing device,
Function keys or an ALT+key sequence. In direct manipulation intetiaces,
buttons are on-screen labeled areas (typically highlighted to look like a
pushbutton) that launch the associated command when selected.
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11/1 04 Macro Commands for Procedures (Observation)

In command-based intetiaces, build macros the! stand for
procedures (sequences of commands).
This creates a new command that can be used to implement a procedure
composed of several clther commands, Macros in a command-based
intetiace are implemer]ted just like any othar commands; the user enters
the command name followed by any required and optional specific:~tions.

User testing. h combination interfaces, it is possible to optimize the selection of
interaction methods for the various functions, commands, files, and programs. This is
accomplished through user testir~g on prototypes. The following guidelines apply

11/105 Construction I~f Prototypes (Observation)

Build and test protot]fpes of the interface that represent the ralnge of
interaction methods ;available.
Allow a sample of users to work with the prototypes in order to determine
their preferences for interaction methods for major functions,

11.9 Matching Display Type to Information Requirements

The goal of user-computer interface design is to provide the human operator a tool that

promotes rapid, accurate perfomlance of tasks,

The form that information takes and the ways in which it is presented determines how
useful it is to the operators. In many cases, information arrives as numeric data gathered
through traffic monitoring. The best way to present this information depends on the

operator’s current task. For exam,ple, monitoring tasks maybe facilitated by minimal
information provided in an on-screen summary. Directing m incident response might
require detailed information about vehicle movements on multiple routes.

To meet operators’ information requirements at all times, designers need to understand
the task-dependent uses for the information, the modes of presentation that most closely
meet the needs, effective ways to highlight information,, and how often to obtain and
present updates. Guidelines for information presentation design fall into the following
categories:

~ Presentation modes and level of precision
* Graphic data conventions.
* Tabular data conventions,
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@ Mapping conventions.
@ Information density,

11.9.1 Presentation modes and level of precision

Most of the data collected in the TMC will be quantitative, rather than qualitative, in
nature. The power of numeric data are that they can be presented in a variety of formats
and at various levels of precision. They can be plotted or placed in a table, combined with
related data to form a composite measure, and aggregated over temporal and spatial
intervals to give a more global picture and reduce the effects of random variation,

Different tasks in the TMC will require different methods of data presentation. This
section deals with the ways in which data can be presented onscreen and the strengths and
weaknesses of each. Of paflicular importance is the relationship between presentation
modes and the level of precision they support.

Guidelines on presentation modes fall into the following categories:

@ Task demands.
@ Operator familiarity

Task demands. The match between presentation mode and task demands is an important
factor in determining the timing and quality of operators’ decision making. The following
guidelines apply:

f 1/106 use of Graphic Presentations (Observation~

Graphs are the presentation mode of choice for showing trends
(change over time), approximate values, and for comparisons
between diHerent sources of data (such as tratic volume at multiple
road sensors or volume and speed for a single road segment).
Graphic presentations come in several styles (bar, line, pie charts, and X-
Y scatterplots), The major advantages of graphic presentations are rapid
visual recognition of highlighted information, flexibility of highlighting, and
efficient use of screen s~ace.
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f 1/407 Use of Qualitative Displays (observation)

Qualitative displays are effective for rapid determination of the
relationship between current status and a threshold.
Qualitative displays come in many varieties, including text messages (e.g.,
“Status OK), color codes (e.g., green = “nc)rmal traffic”, yellow = “near

capacity”, red = “congested traffic”), and other visual highlighting (e.g.,
steady versus flashing lights). The advantages of qualitative displays are
support for “at-a-glanc(?” decision making, rapid information processing by
operators, and focusin{] on the most ctitical information.

1I/f 08 Use of Tabular Data Presentations (Observation)

use tabular data presentations when th~! task calls for precise
numeric data.
Users find it easier to read a value from a table than to estimate from a
graph. Tables have fewer style options than graphics, since they are
typically arranged in a row and column format. It is possible, however, to
highlight information effectively within this rectangular format.

Operator familiari~. Operator familiarity, in addition to task demands, plays a major
role in determining the optimal data presentation to suFport decision making. Information
should be displayed such that opsrators can readily understand it and make use of it. In
part, the ability to understand the information is a finctiofi of user preferences. It is
important that presentations are consistent and simple. The following guidelines apply to
all presentation methods and will help to maximize Users’ unde~-standing of the
information presented to them.

11/1 09 Information Presentation Labels (Recommendation; 40)

Provide clear labels.
Graphs and tables should contain a title that clearly identifies the data
presented by naming the source and whether the presentation is
conditioned by time, location or other key variables. Names of variables
should match those used in the graph axes, or rows and columns of the
table. Figure 11-15 presents examples of a graph and a table with an

appropriate title and labels for the axes an(~ rows and columns.
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71/110 Selection of Data Transformation Names (Obsewation)

Be consistent with indications of transformations to avoid operator
misinterpretation or confusion.
This is especially important for indicating that the data shown are
differences (e.g., “change”, “percent change”, “predicted versus actual”,
etc. ) or ratios (e.g., “percent”, “proportion”, etc.).

Morning and Evening Rush
Hour Speed (m.p. h.)

1985-1992

=

19851986198719881989199019911992

Morning18.0 19.0 200 22.0 24.0 26.0 27.0 27,5

Even,ng14.0 13.0 13.5 i5.O !55 14,0 14.5 15.0

11.9.2 Graphic data conventions

Graphic displays are best used for visualizing relationships among variables, providing

approximate values, making comparisons between variables, and seeing trends across
time or geographic areas, The main advantages of graphic displays are their ability to
show complex relationships simply and the ease with which particular aspects of the data
may be highlighted, Users are familiar with most simple graphic styles (line, bar, X-Y
scatte~lot, and pie charts) and can use them effectively. Graphics support rapid decision
making, when the task does not require precise numeric estimation of data values.

This section presents basic guidelines for graphing data, These fall under the following
areas:

@ Graph styles.
@ Axis orientation and style.
@ Labels.
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Graph s~les. Graphs can be displayed in a number of styles. !fiost common are line, bar,
and pie cllafis. Each of these, in turn, incorporates a number of stylistic options

(highlighting, perspective, shading, grids, etc.). The following guidelines apply

t 1/111 Information [Iisplay Format (!Recommendation; 124)

Use the simplest possible format to display the required information.
Avoid complex formats presenting more than two dimensions. Also, avoid
embellishments such as pictures, shading, perspective, and decorative
items which do not acid information.

11/112 Line Charts {Recommendation; 12f )

Use line charts to display trends across time or distance, and for
comparisons between two or more trer~ds.

11/113 Chart Indications (Recommendation,; 40, 4q)

Use distinctive patt~>rns andlor colors to distinguish between lines
on a multiple line cklati and between sets of bars on a bar chart.

lq/lq4 Display of Projections (Recommendation; 40, 4q )

Indicate the use of Ljrojections (interpolated and extrapolated data)
with a distinctive change in the line or bar.
A change in color or change from a solid line to a dashed line can indicate
such a change.

lqlqq5 Switching Bf}tween Chatis (Recommendation; 40)

Allow users to switch easily between line and bar charts.

1I/q 16 Comparison Between Propotiions (Recommendation; 40)

Use bar charts and stacked bar charts to facilitate comparisons
between proportions.
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?1/1 f 7 Stacked Area Chatis Presentation (Recommendation; 40)

In stacked area chatis (sutiace charts or cumulative charts), plot the
series with the least variation on the bottom and the one with the
most variation on top.

Axis orientation, s~le, and labeling. Most chatis will incorporate two axes, generally

termed the x- and y-axes. The x axis mns horizontally, and they axis mns vertically and
the two meet at a right angle. Axis styles are more variable. The scale of either axis can
run from -~ to +~. Typically, only a range from 0 to some positive value is shown, or a
range from a negative to a positive value is shown. Axis labels can display numbers,
dates, times, or merely names.

11/118 Assignment of Variab9es (Recommendation; 40, 4?)

Be consistent in the assignment of variab9es to the x or y axis.
9ngeneral, it is preferable to assign the measured or calculated variable

(the dependent variable) to they axis, and the conditioning variable (the

independent variable) to the x-axis. Examples of y-axis variables include

speed, vo9ume, number of incidents, percent, and percent change.
Examples of x-axis variab9es include time of day, day of week, time in 5
min increments, and location.

11/119 Origin Position in Graphed Data (Recommendation; 40)

When graphed data represents on9y positive numbers, the graph
should be disp9ayed with the origin at the lower left.
When the data include both positive and negative values, the origin

should be centered with respect to the axis’ 9ength. 9f both axes contain

positive and negative values, the origin should be in the center of the
graph.

1f/120 Continuous Aes (Recommendation; 40, 41)

Use continuous axes.
Avoid discontinuities in the range of values displayed on the axes

wherever possible. If it is necessa~ to use a discontinuous axis, indicate
that the range has been truncated by placing a clearly labeled gap in the
axis line,
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41/121 Comparison!~ Between Charts (Recommendation; 40)

When comparisons are required between charts, present the same
axes on both charts with the same range of axis values.

1q/q22 use of Linear *es (Recommendation; 40, 4q)

Use linear axes wherever possible.
Users find it difficult t,~ comprehend nonlirlear axes (e.g., logarithmic

number scales). Extra time may be required to interpret informaticln from

charts with nonlinear axes.

1q/123 his Range (Recommendation; 121)

Tailor axis ranges to the user’s need.
Too large a range on the y-axis will artificially suppress any visible
differences between (data points; too small a range will artificially
exaggerate the differi?nces. Unless there is a need to emphasize
differences, the y-axi!j should begin at zero.

qq/q24 his Origin Yralue (Recommendatiorl; 40, 4q )

Set the Y-%is Origin to Zero
Users normally expect the origin to be a zero. If a deviation from this
convention is necessary, emphasize the origin value.

Labels. Graph labels – title, axis names, axis and data point values, and legends – are
critical to the Users’ understanding of the information presented. Operators need to
readily understand the scaling ttsed on a particular axis, and recognize the labels and the
names given to the axes,
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11/1 25 Chart Title Location (Observation)

Display the chart title at the top of the screen area in which the graph
is presented.
Center the title with respect to the chatis width. Pick a title that

meaningfully describes the data shown in the chart, naming first the
dependent variable (y-axis) followed by the independent variable (x-axis),
(e.g., “Northbound I-95, Traffic Volume by ~me of Day”)

11/1 26 Axis Label Location (Recommendation; 40)

Label the y-axis label to the left of the y-axis, and x-axis label below
the left axis.

f 4/127 Axis Label Orientation (Recommendation; 40)

Orient yaxis text horizontally.
Rotating the text creates more ink space for data, but makes reading the

axis label more dificult.

11/128 Transformations (Recommendation; 40)

Show the formula for y-axis variable transformations.
For instance, use “Vehicles/Hour/Lane” rather than “Traffic Flow.” Or use
“FIow (vehicles/hour/lane).”

11/1 29 Data Point Values (Recommendation; 40)

Allow users to select data point values in a selectable fashion.
Data value labels should appear near the associated data point or in a
table, depending on the amount of clutter and the number of labels. User
selection can be in the form of a global request (e.g., “label all data
points”) or on a point-by-point or line-by-line basis, depending on user
preference and task demands.



11/130 Labels for Lines, and Bar Sets (Recommendeltion; 40)

Label each curve or set of bars.
Place the label for curves and lines on or at the right end of the lines. If
this is not possible, I:ibel curves and lines in a legend. Always list the lines
or bars in the order irl which they appear in the graph from top to bottom
or left to right, respectively.

11/1 31 Legend Loci?tion (Obsewation)

In charts requiring a legend, place the legend in a consistent
location.
The legend should show both the line or bar format and the name of the
corresponding data series. Usually legends are located at the right side of
the graph.

11.9.3 Tabular data conventions

Tables are useful for presenting small amounts of alphanumeric data and for presenting

numbers when precision is recluired. The main advarltages of tabular displays are their
simplicity and familiarity to most users, and the ease with which the precision of numbers
can be increased or decreased without adding complexity to the presentation.
Disadvantages are that tables (donot show trends or ,:xceptional values (outliers) very

effectively. Guidelines for tabular presentations fall under the following main headings:

o Format.

~ Highlighting.
@ Labels,

Format. Virtually all tables are presented in a simple column and row format.

Considerable variation is possible however, in both complexity and density of tabular
data presentations. The following guidelines are chosen to provide users with rapid access
to information with a minimum amount of search time:

11/132 Table Row and Column Organization (Ob!;ervation~

Organize table heodings so that values increase left to right, and
from top to bottom.
For instance, begin with January on the left and end with December on
the right. Alemeda [)rive near the top and Zuniga Place near the bottom.
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1?/133 Table organization Consistency (observation)

Use the same organizational principles for row and column headings
when generating new tables.
For instance, if Interstate exits are listed in milepost order in one table,
they should be listed in that order on similar tables unless there is a
compelling, task related, reason to use a different order.

f 1/134 Presentation of Complete Table (Recommendation; 40)

Design the table such that the comple%e table is shown on-screen.
Tabular data should not extend beyond the screen space allocated.

71/?35 Hierarchical Tables (observation)

Avoid displaying hierarchical tables (i.e., tables containing more than
two dimensions).
Such tables are very difficult to understand and visualize.

11/q36 Consistency in Spacing of Table (Recommendation; 40)

Use consistent spacing throughout the fable. Provide space between
columns to avoid reading errors and to allow for adequate labels. In long
tables, consider presenting the row variables in groups of three to five,
skipping a row between groups,

1q/q 37 Presentation of Numeric Data (Recommendation; 40)

Present numeric data in a ready-to-use format.
Avoid requirements for the operator to compute values, perform
interpolations or extrapolations, or mentally transform the data.

11/1 38 Justification of Numbers (Recommendation; 40)

Columns of numeric information should be justified with respect to a
fixed decimal point or right justified if there is no decimal point.
Present numbers within a column to the same level of precision (i.e.,
accurate to the same number of decimal places).
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Highlighting.

11/139 Grouping 01’Data (Recommendation; 40j

All necessa~ data to support a user’s activity or sequence cIf
activities should bt?grouped together.
The operator should not have to search through numerous screens for the
information required to complete a routine task.

11/140 Data Grouped for Comparison (Recommendation; 40)

Group data to clari~ desired comparisons. If table entries need to be
compared on a character by character basis, present them in adjacent
rows of the same column.

11/141 Separation of Data [terns (Recommendation; 121 )-

Avoid internal grid lines.
Where possible, use?row and column spacing to improve readability rather
than separate data items with lines. Use internal grid lines only when the
amount of data that must be presented requires dense spacing.

11/1 42 Presentation of Calculated Data (Recommendation; 40]1

If data values and ~:alculations based on those values are presented
in the same table (such as a series of numbers along with a total),
present the calcul:~ted value in a distinctive fashion.
Use a darker font (bold), or a color change, to highlight the cell containing
the calculated value. Make the corresponding row or column label
distinctive as well.



Labels.

11/143 Identification of Variables (Recommendation; 40)

The table’s title should clearly identify the variables displayed.
Itis important to name the measured variable which appears in the cells
of thetable asit maynothave acorresponding row or column label. For

example inatable presenting speed information for several locations

(column variab[e)inl hrincrements (rowvariable), neither thecolumnor

row label would identify that the data shown are speeds.

q1/144 Row and Column Heading Labels (Recommendation; 40)

Label each row and column with an appropriate heading.
Avoid abbreviation wherever possible.

11/145 Presentation of Labels (Recommendation; 40)

Always display the row and column headings and the table’s title.
If the table is so large as to require scrolling either horizontally or
vertically, ensure that the title, and the row and column labels
corresponding to the displayed region of the table remain onscreen.

11/146 Presentation of Measurement Units (Recommendation; 40)

Present the units of measure in the title, row or column labels, or in
each cell, as appropriate.

11.9.4 Mapping conventions

Much of the information used in a TMC has geographical dimension (e.g., traffic
conditions are described at particulm locations). Incorporating this information into an
on-screen graphic map is a powerful way to show current conditions, change from
previous time periods, and projections into the future.
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Guidelines are presented under the following main headings:

@ Map resolution, posititm, and orientation

e Labels, features, and symbols.

e Location selection and data displays.
0 Navigation, pan, and zoom.

Map resolution, position, and orientation. The following guidelines apply to map

resolution, position, and orientation:

—-

11/147 Level of Map Detail (Recommendation; 40)!

The level of detail ~mustmatch the task requirements.
All ctitical features should be legible and uncluttered. Allow the user to
reduce clutter witholJt eliminating important information by using a
declutter function to hide less important information.

11/148 Orientation of Maps (Recommendation; 40~

Orient the map with North.
Allow the user to change the orientation only on their individual monitors.
Place a compass rcse indicator to point to North.

Labels, features and symbols. The following guidelines apply to the labeling of maps:

11/149 Map Label Positions (Recommendation; 40~

Position map labels consistently in relation to the labeled f(!ature.

11/1 50 Symbol an{d Color Code Selection (Recommendation; 40~

Select a set of standard symbols and color codes.
Provide a legend ol?-screen and/or in a user aid (on-line help or a job aid).



14/154 Symbol Placement (Recommendation; 40)

Do not allow symbols to overlap.
If overlap is unavoidable, allow the user to view masked symbols either by
calling them to the foreground or by turning off the concealing symbols.

Location selection and data displays. The following guidelines apply to selection of
items on a map:

11/1 52 Location Specification and Selection (Observation)

Use a pointing device as the main method for location specification
and selection from the map, e.g., selecting a specific camera or loop
detector.

14/1 53 Display of Associated Data (Recommendation; 40)

Provide user-selectable display of data associated with specified
location.
Ideally, such information would be made available through a pop-up menu

or display window. For example, when the operator selects a specific
traffic sensor a menu might appear listing the categories of data that are
available from that sensor.

Navigation, pan, and zoom. The following guidelines apply to the selection of areas of a
map and map detail:

11/154 Provision for Zoom Functions (Recommendation; 40)

Allow the user to zoom out and zoom in to obtain a larger area view
or more detail, respectively.
Methods of zooming include drawing a box around the desired area
followed by expansion to fill the screen and selecting a zoom amount
(expressed as a percent magnification) from a menu of preset values.
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11/155 Zoomed Map Display (Recommendation; 40)

When the entire map, is not displayed (e.g., as the result of a zoom
operation), display an inset image of thfe entire map highlighting the
location of the currently displayed section.

11/156 Panning W[thin the Map Display (Recommendation; 40)

Allow the user to pall in any direction to view other sections of the
map without changir~g the on-screen resolution.

11/1 57 Provision for Default Display Re!turn ~Recommendation; 40)

Provide a means (e.{~., mouse click on a single button) for a qiJick
return to the default display size and Io{cation.

SIPECIALPROBLEMS IN ZOC)MING

In one TMC, multiple levels of zoom were defined for the geographic region in which the TMC was
located. Several geographic sourc(?swere consulted and the data were merged, then a series of
zooms and granularities was definf?d from the larger geographic region down to the intersection
level (four levels of detail),

Operators with experience in using these zooms found that only two cases, a local regional zoom-
in of several square blocks and the intersection zoom-in, were actually useful. Had this peculiarity
been noted duting prototyping, quite a lot of graphic code could have been eliminated. In addition,
the distances between objects on the display were not striclly propofional to the true geographic
distances. Interestingly, this did not prove to be a problem in practice; the general spatial
relationships of critical locations ap,pear to be more impofiant than actual distances. (44)

11.9.5 Information densi@

With limited display space, designers often attempt to pack the screen full of infc,rmation
to cut down on the amount of screen switching that is needed. However, screens lean
become so loaded with information that operator performance suffers,
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Guidelines for avoiding screen clutter are presented under the following main
headings:

@ Screen packing density.
@ “Chartjunk.”

Screen packing densi~. Screen density is defined as the amount of screen space used to
display information, and is expressed as a percentage of overall screen area. In other
words, screen density is inversely related to the amount of white space left on the screen.

Operator performance with information displays varies as a function of screen density and
the distribution of white space. The following guidelines are presented in reference to text
displays. Similar but less specific guidelines have been published regarding graphic and
tabular displays.

1 ~lf 58 Amount of Text-based Material (Recommendation; 51)

Text-based material shou!d not fill more than 50 percent of the space
available for character displays.
Densities below 25 percent are preferable. (Note that these are based on
displays of alphanumeric characters. Optimal density for graphic displays
may be much different),

11/1 59 Screen Display for Critical Tasks (Recommendation; 51)

Critical tasks (those requiring high levels of accuracy and/or rapid
processing by users) require lower screen densities than less critical
tasks.

11/160 User Control of Screen Density (Recommendation; 5~)

Aliow the user to control screen density.
In a window environment, give users control over window size and allow
them to zoom in and zoom out to change the view of the information
displayed within a window.

“Chart junk7’ One of the most effective ways to reduce screen density is to eliminate
extraneous detail. hformation density of a presentation is defined as the amount of “ink’
devoted to present data, expressed as a percentage of the total “inR’ used. “kk,” like
white space, is a metaphor for the typical paper-based presentation of information. Unlike

screen density, which is minimized in effective presentations, designers should strive to
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maximize information density. ‘When information density is re?~uced, users are distracted
from the data because of the nondata information filling the display area. This
noninformative filler is referred to as “chart jun~’ by Tufte (1983).

Figure 11-16 shows a typical example of a computer generated chart on the left. Included
is an array of chart junk items placed in the figure, either because the graphics package
does so automatically or simply to take advantage of the capabilities of the computer. The
graph and the table in Figure 11-15 shows the same information with the extraneous

detail removed. The improved clarity of this presentation can bs expected to bring a
corresponding improvement in operator speed and accuracy.

Examples of chart junk in common computer graphics might include false three-
dimensimral graphics (Figure 11-16), in which the added “ink’ contributes additional
information.

.—
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Figure 11-16. Compute]r-generated “chart junk” makes data hard to read.



The following guidelines are presented as aids to reducing the amount of chart junk in
data presentations:

f 4/161 Provision of Essential Information (Recommendation; 51)

Provide only the information that is essential to making a decision or
to petiorming an action in accordance with task demands.
Dimensionless decoration, unnecessary border or grid patterning,

annoying hatchures, and other computer chart junk add complexity and do

not contribute information,

1 7/$62 Information Density (Recommendation; 112)

Maximize the information density of the display.
Use the active display area to present information, not lines, delimiters,
boxes, arrows, or other non-data elements. Present non-data elements
only to the extent that they are required by the user to interpret the data.

Axes, labels, and legends, for example, are not data, but they support the

use~s ability to understand the data as presented.

11/163 “Chart Junk” Design (Observation)

Where there is a desire to display “chart junk,” design it to minimize
interference with the operators’ display interpretation.
In some TMC’S, graphics of local tourist attractions are included in map

displays for public relations purposes. Care should be taken that the size,
color, and location of these graphics do not distract the operator, There
should be consideration of a capability to toggle the chart junk “on” when
the tour group arrives and “of~ when they leave. Alternatively, these
graphics might be included only on a seldom used map scale.
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12.1 Types of User Aids

Traffic management centers employ operators and other technical personnel with a wide
range of skill and experience levels. Most personnel will interact with complex
information systems. Performance will increase if operators are provided with user aids
such as checklists and procedures manuals that help them manage tiese complex systems.
Where well designed user aids have not been supplied or developed as part of TNIC
systems, employees have developed their own aids to lill the gap.

User aids come in a variety of o]o-line, hard-copy, and live presentation formats. Each
format has a specific application. User aids are employed to suppofi on-the-job tmining as
well as operator performance. This chapter emphasizes the role that these tools play in the
overall system. They are intended to assist operators working with the user-computer
interface so that errors are reduced and user expertise is enhanced. This chapter provides
guidelines for the design of the major kinds of user aids. The final section of this chapter
deals with opportunities for integration among the various types of aids to save costs and
to reduce the number of design iterations.

There are six types of user aids (discussed in this chapter:

~ Error messages.
~ Job aids.
@ User manuals.
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@ On-1ine help.
@ Tutorials,
@ Design support tools

h the sections that follow, definitions and guidelines are provided for each type of user
aid. The first section discusses an incorrect assumption that is becoming more common
with the advent of menu-based and direct manipulation interfaces; that no training or

aiding is required if the interface is “intuitive” and “user-friendly.”

12.1.1 The no-aiding fallacy

Menu-based and direct manipulation interfaces lift much of the cognitive load for
remembering command names from the user. Memory of procedures is in the computer
and not in the operator’s head. ’86)A common conception among designers of such systems
is that this reduced memory requirement eliminates the need for training. hterface
designs are described as “intuitive” and “user friendly,” implying that novices can work
effectively on first exposure to the system. However, it may never be possible to
eliminate the need for training or to provide a range of user aids. The reasons for this are
twofold: no user-centered design process is perfect, and even a perfect design process still

results in an interface that places some cognitive burdens on the user.

In menu-based interfaces the user does not have to remember command names because
they are presented in on-screen menus and dialog boxes. However, the user must still
recall where to look for a specific command, and more importantly, what actions each
command performs,

Direct manipulation interfaces may tiher reduce the memory burden on users by

supplying the definition of some commands and actions on-screen along with the
command name. This is done by exploiting an on-screen metaphor (such as the common
desktop metaphor used in most graphical user interfaces) that helps users to recognize
actions (e.g., opening, closing and deleting files) based on an icon that represents each
action. Even in systems with robust metaphors and well designed icons, though, there are
commands that cannot be easily represented in a graphic form.

Additionally, the actions implied by an on-screen icon may only resemble the actions
actually taken when the command is implemented. Consider, for example, the different
implications of an on-screen icon for deleting files. If the icon is a trash can, does that
imply that its contents can be retrieved at some later time? If the icon is some other
graphic representation (e.g., a shredder), does that imply that the deleted item is
irretrievably gone? Clearly users need to know the difference between the implications of
an icon and the actions that result from the associated commands.
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12.1.2 Error messages

Error messages are feedback frc~mthe computer evoked by an incorrect or inappropriate

input from the user antior the r(:sult of unanticipated changes in system status. M[ost
systems are designed to both detect and diagnose errors so that it is possible to generate
messages that provide specific information about the cause of the error. The ability to

generate these messages presupposes a sophisticated error handling routine as part of the
computer software. Such routines are designed to assign probable causes to the system
error codes. To do this, the software must keep track of input from the user and check for
possible problems in command names, syntax, or application.

Users will most frequently make errors in the portion of the interface with which they
need the most help. (24)Thus the User!s interaction with error messages may provide the

opportunity for training, (g?) ~orne designers overlook this possibility and present a

diagnostic message without prescriptive advice. That is, the message says what is wrong
but does not tell the user how to fix it.

Examples of typical, incomplete error messages include:

@ “Bad Command or Filename.”
e “System Error 24.”
e “Not Ready Error From Device: LPT.”
@ “File Open Error.”

None of these error messages explicitly tell tbe user how to fix the problem. In many
cases, the message is ambiguous, giving neither advice nor any clear indication of what
the true problem is. Guidelines for generating error messages that help users solve
problems and become more prc)ficient fall under two :main categories:

@ Contentistyle
~ Timing.

Content/styIe. hr planning the content of error messages, use the following guidelines:

f 2/4 Error Message Content (Principle; 39, 40, 92)

When feasible, error messages should identi~r the source of the
problem and remedial steps that the u!jer may take to recover from
the error.
Preferred example: ““That is not a valid V!fiS identifier; Check the identifier
code number and re~?nter.” A poor example might say “Error 673.”
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1212 Error RecoveW (Principle; 101)

The steps for error recovery should be clearly identified and
presented sequentially.
An UNDO command (which backs up processing to just before the error)
will speed error recovery.

12/3 Command Corrections (Principle; 39)

Error messages regarding syntax and options should present the
correct syntax and available options.

1214 Help Screen (Recommendation; 39, 91)

Error messages regarding commands should contain information
provided in the help screen for that command, or the user should be
able to enter the help facility with a single keystroke and to call up
help regarding the error message without having to navigate through
the topic-selection features of the on-line help system. (3g)

12/5 Concise Messages (Recommendation; 39)

Error messages should be concise.
Error messages are presented while the user is attempting to perform
some task. An ideal error message will help the user to return to the task
quickly and directly,

1216 Inappropriate Messages (Principle; q, 39)

Avoid patronizing or demeaning language.
Some authors write sarcastic error messages in an attempt at humor.
Sarcastic or patronizing messages become an annoyance.
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Timing. The following guidelines pertain to the timing of error messages:

42/7 Message Timir~g (Recommendation; 39)

Error messages shIDuid follow immediately atier the error.
It is preferable, for e)(ample, to catch entty errors separately for each field
in a data entry screen rather than to wait until the user has finished
making multiple entries. Users become extremely frustrated when they
discover that they entered incorrect information throughout a form, or that
they must reenter m(Jltiple fields because of a single error.

12/8 Cause of Error (Recommendation; 91)

Error messages should identifi the actual problem.
Often the error message reports what was going on when the error was
detected, not what happened to cause the error. For example, in a signal
timing data entry scrsen, a user might erroneously type in a cycle length
of 12 sec instead of 120 sec and then proceed to fill in all the timings for
various signal phases ultimately totaling 120 sec. On some systems, the
error message comes late and points to the last number entered, not to
the original typo sevf?ral fields before. An ideal error checking routine
might have questioned the 12 sec cycle length before proceeding.
Alternatively, an error message at the end of the entry screen would point
explicitly to the mismatch between the cycle Ienglh entered and t[ne total
of all the phases.

12.1.3 Job aids

Job aids are typically physical (as opposed to on-line) tools such as quick reference
guides, overlays, flow charts, t:hecklists, templates, and notes. They present some or all of
the information needed to perform a task. (log)An example might be a checklist for dealing

with au incident. The primary goal of job aid design is to reduce the need for learning,
retention, and decision making on the part of the user. They are usually portable or posted
on or near the workstation. They are typically designed to support task performance by
experienced (intermediate and expert) users and must be augmented if they are intended

for inexperienced (novice) users.

Guidelines for the design of e~;fectivejob aids fall under the following topics:

@ Content/style,
@ Minimalist instruction,
e System maps.
@ User design of job aids.
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Content and s~le. As in any written material designed to inform, the style is essential to
the message, and the emphasis in content must be planned carefully to support the
intended goals.

1219 Task Oriented Kds (Recommendation; 39)

Job aids should be designed based on documented operator tasks.
They should be derived from an analysis of the procedures to be followed
in performing a task. This will suppoti accuracy and completeness. The
focus should be on performance assistance (“how to do it”) rather than
skill or knowledge acquisition (“how it works”).

12/f O Procedural Format (Recommendation; 104)

Procedural information should be presented in a step-by-step
fashion with task-relevant explanations and examples.
One approach to formatting a procedure is to divide the procedure page
into two columns: the left column contains the sequential steps. The
second column provides the suppotiing information (e.g., examples,
background) which is paired with the steps. This approach separates the
crucial information from the optional information.

12/1 I Cross-reference Information (Recommendation; 90)

Include cross-references to related information in other user aids
(e.g., manuals, on-line help, and tutorials).

12/1 2 Information Coverage in Job Mds (Recommendation; 102)

The job aids should concentrate on the tasks and information
required for minimal proficiency.
Job aids need not cover all aspects of the user-computer interface.
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12/1 3 Use of Graphics and Text in Job Ads (Obsemation)

Use graphics and text to reduce the amount of time required ‘to
search for information contained in the job aid.
Graphics (e.g., flow charts or decision trees) are most efficient for
displaying complex procedures (those with several choice points and
options) and showing the relationships between commands in the user-
computer interface. Text allows for elaboration which may be required for
adequate understanding.

Minimalist instruction. Job aids should focus on what the user needs to know. Since use
of a job aid is a detour from tht>path of getting the job done, words and ideas must be
presented economically, with tlhe objective of returning the user as quickly as possible
from the aid to the job.

12/14 Minimal Instrtlction Set (Recommendation)

Provide a standardized minimal instruction set to present ba!jic
procedures and cOmmands that are necessa~ to use the interface.
The first card in the minimal instruction s(?t should explain any start-up or
log-on procedures requiring user input. The last card should explain the
log-off and shut-down procedures requiring user input. The remainder of
the minimal instructic)n cards should be task-oriented. The results of the
task analysis performed during design of the user-computer intetiace
should provide a list of the most important procedures to be perfclrmed by
users. Cards should be prepared for eacl? important procedure.

12/15 Portable Job &ds (Observation~

Job aids should be easily poflable to facilitate study away from the
workstation.
Extra sets of job aids should be available for study. However, at least one
set of job aids shoult~ remain at the work station at all times.

System maps. Many software interface systems are complex and hierarchical, with ideas
and information nested in multiple levels. Operators cannot hold the complete

organization in mind, and ma~rneed help understanding the lcgical relationships between
levels and topics. This requires a system map that shows the menu nesting structure.
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12/16 Menu System Map (Recommendation; 14)

Provide users with a system map that shows the relationships
between commands and procedures in the user-computer interface,
A hierarchical organization or flowchart format is preferable. This might
consist of a graphical display showing the organization of menu
hierarchies. [f the scheme is complex, the design might include a
simplified, high-level map and additional maps to show subelement
details.

12/1 7 TWO Menu Map Versions (Qbservatiors)

Provide the system map in two versions — a large version posted in
a location visible from the operator workstations and a small version
included in the minimal instruction card set.

User design of job aids. As in other phases of system design, the user should be a part of
the evolving processes,

12/18 User Design (Obsewation)

Encourage users to propose and develop job aids.
A procedure should be developed under which such user-developed aids
can be approved for posting on the console or other appropriate location.

12/19 Job Md Validation (Observation)

Review and validate user-designed job aids to verify that important
procedures are not erroneously described.

12.1.4 User manuals

User manuals are designed to serve as a complete reference for operation of the user-
computer interface. The manual should contain detailed descriptions of commands,
procedures and concepts as they apply to the interface. The user manual is intended as an
aid to task performance, not as a support tool for system developers. For example, it is

not source code documentation, User manuals can be in hard-copy or on-line formats.
On-line manuals have lower costs over the life cycle of the system; hard-copy manuals,
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on the other hand, meet with greater user acceptance tmd support off-line study by
operators. Guidelines for produ~cing effective User manuals fall under the following main

headings:

@ Contentistyle.
~ Meeting multiple goals.
@ Organization and navigation.

Content and style. As in other job aids, the user manual should reflect the user’s needs.

To assure that the manual is desi~ed for the user, consider the following guidelines:

12/20 Layering in User Manual (Observation)

Entries in a manual shOuld be written in a layered fashion.
Simple, “how to do if’ information, with examples, should be presented

first. Then, more complex uses and detailed explanations of how the
procedure or command works and why one would use it should follow the
simple information. Finally, information on relationships to other
commands and procedures should be hi!~hlighted at the end of sections.

12/21 Reading Levt?l (Principle; 20, 65, 101):

Entries in a manual should be written to match the reading level of
the intended audience.
For TMC operators with a high school education, sixth to eighth grade
reading level should be appropriate. This can be measured by one of
several available sci~les.

12/22 Positive Instructions (Recommendation; 10l~!

Instructions should be written in a positive style.
Use positive statements (e.g., “DO the following .“) unless negative
forms add to understanding. “Operators should log out before shutting off
power” is a weak usage if such an action will cause system problems; in
this case “Do NOT sIduT OFF POWER UNLESS You HAVE LOGGED ou-r” makes
up in emphasis whzlt it lacks in positive construction, since the key point is
what the operator should nof do.
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12/23 Authors of User manual (Recommendation; 20, 76)

Technical writers, not system designers, should be given primaW
responsibility for writing the User manual.
Experienced technical writers are often better able to prepare effective

documentation because they are unfamiliar with the system and hence
think more like the user, Systems analysts and designers should assist

the writing and editing process by supplying details about system
operations. The writer and the technical expert should complement each
other in the preparation of user manuals. (~oz)

12/24 Examples for Procedures and Examples (Obsewation)

include realistic examples of procedures and commands.
Multiple examples at varying levels of complexity are helpful for
commands and procedures with many options or decision points. One
common mistake in user documentation is the use of overly generic
examples that make the user look elsewhere for a concrete example of
how a command should look.

12/25 Graphic Presentations (Recommendation; 102)

Use graphic presentation of steps in a procedure and command
syntax to help users quickly grasp the information presented.
A simple process flow chart can be helpful.

f 2/26 Evaluation of User manual (Recommendation; 10f )

Test the content and presentation format of the User manual for
completeness, accu$acy, and relevance.
Methods for iterative user acceptance testing are found at Section 2.2 and
include methods such as interviews, focus groups, and performance tests.

Meeting multiple goals.User manuals serve several purposes in complex systems. They
are complete reference manuals for operation of the system. They support effective task
performance. Finally, they support learning. The following guidelines describe a method
for satisfying each of these goals in a single manual:
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12/27 User manual [~ontent (Observation)

The user manual should contain a description of eve~ procedure
and/or command incorporated into the user-computer interface.
Incomplete user manuals frustrate users and lead to low user acceptance.

12/28 Multiple User Levels (Recommendation; 102)

Design the manual to support all levels of user (novice, interinediate,
and advanced) through appropriate cclntent and organizatiori.
The layered presentation style discussed in a different guideline is
designed to satisfy the requirements of users at vatious levels of
proficiency.

organization and navigatior~.The User manual should be designed so that a tlser can
locate discussions of a topic without prior bowledge of the manua~s organization. A

common user complaint is that answers to common problems cannot be readily located by
referring to the Table of Contents or kdex. To improve usability, consider the following
guidelines:

12/29 Manual Organization (Recommendation; 76~

The overall organii!ation of the User manual should be task-oriented.
Procedures and commands should be grouped into sections based on
their relationship to tasks identified in the task analysis. A common
problem is that a m:~nual is written to reflect the ‘way the application was
designed, not the way it will be used. When wtiting a manual, organize it

to answer the probable questions of the user.

12130 Headings, Contents and Index (Recommendation; 102~

Provide clear char~ter headings, a table of contents, and an index.
The index should be alphabetically ordered.
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12/3f On-line Search Strategies (Obsewation)

Design on-line User manuals to fake advantage of consequential
search strategies via hypertext links and ke~ord searches.
An “on-line user manual” is a computer application that allows the user to

search through a hierarchy of displays, including on-screen text and

graphics. “HypertexY and aids of similar nature allow the user to
designate a key word in the on-screen display and move instantly to a

definition or discussion of that concept. Hypertext links and ke~ord

searches should be designed from a task-oriented perspective and should

be verified as useful and complete through user testing.

12/32 Diagrammatic Index (Recommendation; q02)

Use a system map, a flow cbati or free diagram showing the
relatedness of procedures and commands within the interface, as a
diagrammatic index to the manual.
Manual designers can place a copy of the system map in the manual as a
search tool. Use of edge tabs, page cuts, color coding, or other
highlighting methods will help users to identify major sections based on
the system map. We recommend that the manual contain no more than
seven major sections highlighted with edge tabs. More than seven tabs
may result in overlapping labels and/or sections that contain only a few
pages,

12.1.5 On-1ine help

On-line help is a form of user documentation intended for access during performance of a
task. The purpose of on-line help is to provide readily usable information about how to do

something with the user-computer interface. It is important for designers to realize that
on-line help is essentially a database program. As with any database, the information
contained within its structure can be made easy or difficult to obtain depending on how
the program is written and what types of searches are supported. The goals of on-line help
are to present information that is brief, easily understood and relevant to the user’s current
task. Guidelines for accomplishing these goals fall under the following main categories:

* CO]ltent/style,
~ Access.

@ Navigation.
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Content and s~le. The following guidelines pertain tcl on-line Ilelp provisions:

12/33 On-1ine Help Strategy (Recommendation; 65)

On-1ine help should ~>mphasize the actions “how to do it.”
Describe all of the physical behaviors necessary to complete a tas~(. On-
line help should use the same terminology as the interface. Information
that is not directly related to accomplishing a goal through the use of the
procedure or command should appear when requested. ’39)

12/34 On-line Help Organization (Recommendation; 29)

If the program is conlplex, on-line help should be presented in a
layered fashion, with the top layer providing the minimum
information required for implementatiorl of the command, prot:edure
or concept.
Lower layers should p]:esent information on the topic’s relationship to
other procedures and commands, examples of how the procedure or
command works, and detailed definitions clf what actions are performed
when it is implemente(~. (85105)

12/35 Amount of Text and Graphics (Recommendation; 105)

Text should be minimized and use of graphics maximized to improve
user’s comprehensic~n and reduce the time reqlJired to obtain
required information.
Opportunities for graphic representation include labeled displays OF
command options, sequence flow diagrams of procedures, and an on-line

version of the system map that shows where to find a given command
within the menu structure.

12/36 On-1ine Help Modifications (Recommendation; 51)

Improve the content of on-line help through an iterative process that
reflects user evaluations.
Improvement criteria should include brevipy, consistency, accuracy,

completeness, and relevance.

)2-13



Access. In most cases, access to help is initiated by the user, rather than computer

controlled (one exception is the link between error messages and on-line help — see
Section 12.4). The following are guidelines for implementing help access:

?2137 Access consistency (Recommendation; 21)

Use 6onsistent access methods throughout all portions of the
intetiace.

!2/38 Help Meaning (Obsewation)

In command-based systems, the word “help” should be a system-
resewed command name which calls up on-line help. Typing “help”
followed by a topic (procedure, command or concept name) should result

in presentation of the screen for that specific topic without having to

navigate through the main help screen.

42/39 Help Activation (Recommendation; 39)

Maintain a means for activating help on-s6reen at all times.
In menu-based interfaces, a menu header labeled “Help” is typically

presented as the first or last item in the continuously presented menu bar.
In direct manipulation interfaces, “Help” typically appears as the last item
on the active window’s menu bar or is represented with an on-screen icon
that can be selected at any time. In addition, allow users to access help

through the program function keys. For keyboard access, a de facfo
standard has developed which assigns FI as a “hot button” to call up the
main help screen, (40)The highest numbered F key (F10 or F12 on most

keyboards) is also used in some systems, especially when that F key lines
up well with the menu bar item labeled “Help” (i.e., the menu bar item and
the highest numbered F key are at the right hand side of the screen and
keyboard, respectively).
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12/40 Help Error Mes!sage ([recommendation; 91)

Present relevant help with any error message.
Context-sensitive help should be available to provide detailed information
about recovery from an error without requiring the user to navigate within
on-line help function. That is, upon receipt of an error message, the user
should be able to access help on that error with a single keystroke or
menuficon selection. ‘3C’)

Navigation. Navigation refers tc the user’s ability to find topics within on-line help.
Navigating through help systems can be accomplished in several. ways. Providing
different ways supports different user requirements. The following guidelines apply to

selection and implementation of appropriate methods for finding topics within on-line
help:

12/41 Topic Selectiorls (Recommendation; 20)

Provide several mearls for locating topif:s within on-line help.
The methods include: Alphabetic indexing, keyord searches, references
and/or hypertext links To related topics, ancl direct input of the command,
procedure, or concept name.

12/42 Alphabetic Indt>xing (Recommendation; 10)

Use alphabetic indexing of all topics contained within on-line Ilelp.
It is important that this list be complete ancl incorporate synonyms that
users are likely to substitute for the system-specific names. User testing
and task analyses are essential to developing a coimplete list of topics.
Incomplete lists lead to frustration and user rejection of the help facility.

12143 Database Sear{;hes (Recommendation; 10)

Use databases to search for specified ~~ords or phrases withi!~ the
help file.
Any topic with a matching ke~ord is added to the search results and is
then available for sele~tion and display. Designing effective search
functions requires ext~)nsive user testing bscause users may input words
that do not match those used by the designer. Keyword searches should
respond to the synonyms that are likely to be used.
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72144 Ke~ord Searches (Recommendation; 112)

Ke~ord searches should present the results of null searches (when
no matches are found) and, where possible, offer the user some
assistance in identi~ng appropriate search terms.
When possible, refer the user to an appropriate section of the User
manual.

12/45 Return to Previous Screens (Recommendation; 40)

When the user is petiorming ke~ord searches or navigating via
hypertext links, provide a means for returning to previous help
screens.
It is easy for users to become lost in a complex help file. Allow the user to
back out of a given search path by returning to the previous screen and by
returning tothehelp index orkeyword search facility. Itshould always be
possible to leave on-!ine help with a single keystroke or menu selection. In
addition, users should beableto return to the main help screen witha
single keystroke.

12.1.6 Tutorials

Tutorials are aids designed specifically to train users. The domain to which tutorials can

aPPIY is tYpicallY much larger than that for on-line help, User manuals, or job aids. The
main purpose of tutorials is to ensure a minimum acceptable level of performance by all
users. Inaddition, tutorials canintroduce users tonewprogram feature changes, improve
Users’ expertise beyond the minimum acceptable level, and act as a refresher for skill
mamterrance training.

There are two basic types of tutorials – paper-based and on line. The selection of paper-
based versus on-line tutorials can be made as a result of a cost effectiveness analysis that
takes into account the life-cycle costs of the training aid.

Most tutorials are used once by a user. Costs of tutorials are best compared against the
cost of delivering the equivalent training via other single-use methods such as classroom
instruction. Guidelines regarding tutorials fall under the following headings:

@ Tailoring information tomeet user requirements
@ Training effectiveness.
@ Sophistication of presentation.
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Tailoring information to meet user requirements. Because tutorials are typically used
once by a user, it is desirable to (rely present information that is immediately used.
Additional information represents a waste of time. For this reason, most tutorials :ire
written to meet the needs of syst,tm novices who are tha mostly [ikely to have easily

identified information needs. Designing tutorials to meet the needs of other users :requires
detailed analyses of those users’ information requirements. The following Wideliues
apply:

12146 Skills and Kno~~ledge Requirements (Principle; 45~

Petiorm requirements and task analyses to determine the skills and
knowledge required ito accomplish the tasks that novice operators
should be able to pe~form.
Design tutotials for US(?by novice operators on each of these tasks. These
basic tutorials should be designed to yield acceptal~le performance after a
single use. See Chapter 3 and Sections 2.2.4 and 11,1 for task analysis
procedures and guidelines.

~2147 Advanced Tuta,rials (Recommendation; 97)

Design advanced tutorials to meet specific needs, reduce error rates,
increase operator proficiency, andlor encourage use of more
sophisticated featurt?s of the interface.

1214a Off-1ine Study (Observation)

Generate the tutorials in a form that allows oti-!line study wherl
possible.
Allow the operators to take paper-based or personal computer-based
materials home for self-study.

12/49 Tutorial Use at Work (Observation)

Encourage use of tutorials by allowing operators to study them
during slow periods at work or by buildling trai[~ing time into the
weekly work schedule.



Training effectiveness. Tutorials are a form of training that can lead to high performance

levels at relatively low cost. Unfofiunately, many tutorials are ineffective due to poor
lesson pacing, inferior content, andor inadequate feedback. The result is wasted operator
time and lower than expected operator proficiency.

f 2/50 Tutorial Feedback (observation)

Design tutorials to provide specific, diagnostic feedback for user
entries.
“Diagnostic” feedback informs the user whether the input was correct or
incorrect, and, if it was incorrect, why it was so and what the correct input
was. Feedback can be based on expeti knowledge of the underlying
causes of user errors,

12/5f Tutorial Pace (Observation)

A$low the user to control the pace of the tutorial.
This is accomplished by requiring user input before proceeding to the next
part of the lesson. This maybe as simple as requiring the user to press
the ENTER key to continue, However, it is better to require the user to
enter a meaningful response as part of the lesson.

f 2/52 Tutorial Length (Obsewation)

Keep the Overall length of any single lesson (a tutorial on any one
topic) less than 45 min.
Shorter lessons are preferred by users and make it more likely that an
experienced user will use a tutorial as a refresher.

12/53 Realistic Practice (Recommendation; 25)

Ail tutorials should provide practice on realistic tasks.
Even for basic lessons (e.g., how to log on, how to navigate through help,
how to move the cursor), it is better for users to learn in the context of
real-world tasks than in isolated practice that only demonstrates the
mechanics of operating the interface. For example, show the user how to
move the cursor in the context of entering a street name rather than in an
abstract lesson.
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12/54 Multiple Tasks (Recommendation; ~02)

Provide ample opportunities for practice by having multiple tasks
available.
Allow users to jump ahead if they feel comfortable with their new skill.
Allow them to practice more if they are uncomfortable after performing the
prescribed lesson.

12/55 User Tests (Recommendaticln; 102)

For crucial sMIIs (i.e., those defining minimally acceptable
proficiency) test users during and after the tutorial.
Petiormance feedback during the tutorial should diagnose errors and
guide the user to correct responses. After the tutotial, test users on their
newly acquired skill arid knowledge. Give users feedback on their overall
performance (e.g., they met or did not meet the performance criterion)
and on individual test items or topics. AllovY the user to return to practice
mode on any item in tile test by recentering the tutotial at the point(s)
where that item is ~resented.

Sophistication of presentation. Tutorials vary from simple statements of a correct
procedure (analogous to a job aid) to complicated interactive computer programs that
alter the lesson based on the user’s input. Some tutorials operate in multiple modes so that
they can either instruct ~’show me how”) or perfom ~’do it for me”). As with other

decisions regarding tutorial design, the choice of a level of sophistication should be based
on careful analysis of user requirements and a comparison of the costs and benefits of the
various delivery strategies.

12.1.7 Decision support too~s

Decision support tools are designed to improve the quality (speed and accuracy) of
operators’ decisions. To improve decision quality, it is first necessary to understand the

decision process, It is convenient to think of decision making as a four-stage process:

@ Stage 1: Idenfffi the problem
~ Stage 2: Describe the problem.
@ Stage 3: Select and p(?rform an analysis.
@ Stage 4: Choose a solution.

The first stage involves diagnosis, The problem is recognized, narrowed down and
focused into a set of critical issues. In the second stage, the decision-maker fr(inslates the
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problem’s critical issues into terms that can be analyzed. The third stage involves
selection and performance of appropriate analy.$es, In the fourth stage, the decision-maker
arrives at a decision based on the results of analyses conducted in stage 3.

There are relatively few aids for identifying and diagnosing problems (stage 1). Warning
lights and buzzers may serve an alerting function, but the operator must still decide that a
problem exists and then work to identify the source of the trouble. An example in the
TMC environment is the use of a flashing red indicator to alert the operator to slow

moving traffic over a detector. The operator must determine if the traffic is really moving
as slowly as indicated or if the detector maybe failing. If the traffic is slow, the operator
then attempts to determine whether the slow down represents recurring congestion or an
incident.

Describing the problem (stage 2) involves translation into terms with which the decision

support tool can work. Again, there are few aids to assist users at this stage. In the TMC
environment, data displays are often linked to a particular device in the field (such as a
detector or controller) so that the operator can describe the problem numerically. Other
data sources may be available for comparison (such as the historical averages for the
affected location or listings of events that are currently in progress and their predicted
effects on traffic). Operators must decide which data are relevant to include in an analysis
that will ultimately lead to a course of action. Advanced decision support systems assist

users in describing problems through the use of fuzzy logic. Fuzzy logic is a way of
including qualitative descriptions (e.g., traffic is “heavy”) or uncertain events (e.g., there
is a 30 percent chance of rain) into an analysis. This allows operators to use all the
relevant data, even if it cannot be precisely quantified.

Most decision support tools suppofi the mechanical aspects of performing analyses (stage
3). In the TMC environment, a tool that perfoms analyses could be as simple as a
spreadsheet program that calculates predictions based on values input by the user. For
example, the operator might wish to know the effect on highway traffic of lengthening the
red phase on ramp meters by 5, 10, or 15 sec. A spreadsheet program could use standard

approximations to build three predictions showing highway traffic following each of the
optional changes.

Some decision support tools go further by suggesting alternative analyses to the user. k
the ramp metering example, a more advanced program might suggest analyses that point

to other courses of action besides a change in ramp metering (such as using HAR and
CMS messages to divert some of the traffic off the highway) or in combination with the
strategy suggested by the user. The most advanced analytic tools can provide dynamic
predictions of what will occur over time after an action is chosen, Such predictive
systems are often called “look ahea&’ models as they show the most probable unfolding
of events based on the operator’s proposed decision.

Some of the most sophisticated decision support tools furnish recommendations to assist
users in choosing a decision (stage 4). It may seem obvious that the user is going to select
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the “best” of the options currently available. The problem with this assumption is that the
user may not be considering all factors when making a decision, The remedy for a current
traffic problem may cause other problems that an operator does not anticipate. In the
previous example, highway traffic flow may be best helped by a long red phase on the

ramps. This action may have al] unwanted effect on surface street traffic as the rnrnps
back up. A decision suppofi tool can be programmed to meet multiple goals (e.g.,
optimize highway traffic with minimal impact on surfp.ce streti:s).

Guidelines for implementing decision support tools fall under the following main
headings:

@ Task dependent selectic)n of presentation styles.

@ Choosing among various aiding options.

Task dependent selection of ~tresentation s@les. Decision support tools rely heavily on
presentation of quantitative infi~rmation. Guidelines for effective decision support include
the following:

12/56 GraQhs vs. Tables (Recommendation; 5, 11)

Use graphs for displaying trends and comparisons; tables are better
than graQhs when precise numbers are more important than “trends.

12157 Actual vs. Projected Data (Observation~

Provide a clear distinction between acilua[ and p$ojected data.
For example, a display of traffic flow data from a predictive traffic model
should be shown in different formats (e.g., dotted vs. solid lines) c}r colors

than actual sensor d:ita. If color coding is used, ensure that it does not
lead to confusion with other color codes,

Choosing among various aiding options. Categories of user aids include simple lists
and reminders, basic on-line help, and more sophisticated approaches such as hypertext

structure and expert systems. The designers’ choice of an approach has a significant effect
on both cost and system performance.

12.2 Integrating User Aids

The guidelines in Section 12.1 present each type of user aid in isolation. This is useful for
determining when to apply a given aid, but does not exclude the use of more than one
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type. It should be recognized that the best aiding solution maybe a mix of strategies to

meet the needs of various users. (102)

Each aid should be the product of a user-centered systems analflic approach to design.
The costs of generating user aids can be minimized by integrating the various aids, thus
reducing the number of items to design and the number of iterations required to produce
separate aids. This section presents guidelines for integrating user aids.

f 2158 User Documentation Needs (Recommendation; ?0)

User documentation should derive from the user requirements and
task analyses petiormed during system design.
Like other aspects of system design, documentation should be task-
driven. The documentation should meet the needs of the user, not fhaf of
fhe designer.

12[59 User fids overlap (Recommendation; 39~

Error messages, on-line help, User manuals and job aids should
overlap extensively.
In paticular, error messages should contain (or be immediately linked to)
the on-line help about the procedures or commands. Job aids for the most
important commands and procedures repeat the step-by-step information
on usage as contained in on-line help, All of this information should be
contained within the User manual. In effect, all user aids, no matter what
the medium, should follow the same logic and be mutually supportive. The
user may be confused, for example, by a brief on-line help message and
seek more depth in the user manual. If the expanded user manual uses a
different logic or approach, the user will have to start over in his or her
attempt to understand the process.

12/60 Shared Information (Recommendation; 65)

When oppotiunities for shared information among various user aids
arise, use the same presentation format across all aids.
For example, every entry in the User manual could replicate, then expand
upon, the on-line help presentation for the same topic. Likewise, any job
aid on a topic could show a potiion of the help screen. Users should not

have to adjust to varying formats, especially when the information
presented is essentially the same. “0)
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CHAPTER 13: PRESENTIN(2 DATA
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13.1 TMC Operators Rely Upon Data

TMC operators make decisions by using data from a variety of sources. This information
can come from detectors, cameras, on site personnel, citizens, spotter vehicles, aircraft, o]:
predictive software models. Information must be accurate, relevant, and time~). From the
system designer’s point of view, data must be reliable and valid. In addition, data should
be diagnostic, such that they help the operator to correctly interpret events. TMs chapter
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begins with a discussion of data reliability and validity. It also describes how designers
can assure data diagnosticity (i.e., the degree to which da~a facilitate decision making). It
contains discussions of the various data sources commonly found in TMC operations and
those envisioned in ATMS TMC’S of the future. The remainder of the chapter presents
the concept of data fusion: the aggregation of information over time or geographic
location. Through the appropriate fision of data, TMC operators are more Iikeiy to obtain
a stable, reliable representation of existing traffic conditions.

13.2 Data Definition and Construct Validity

This section addresses three issues:

@ The importance of accurate data definitions,

@ Construct validity.
@ Changes in data definitions.

13.2.1 Accurate data definitions are important

kadequate data definitions have contributed to major industrial accidents. Consider, for
example, the Three Mile Island incident, where a “shut off’ indicator only revealed that
the switch had been thrown, not that the valve was shut. TMC’s could have a problem
with multiple definitions of traffic-system performance indicators. For instance, the
indicator of “speed’ has several definitions and different contexts.

Engineering Terms Lawan’s Terms Sources of Speed Estimates
time mean speed spot speed Aor B
space mean speed average speed Aor C

A calculated speed (from a model)
B detector–based speed
C probe vehicle–based speed

Data labeIs must be accurate. Assign data item names such that they are sufficiently
specz>c and inclusive. For example, in a TMC that uses more than one type of speed data,
each presentation of speed information should clearly identify the corresponding type.
Labels should go beyond simple differentiation (such as “speed N’ or “speed B“). Rather,
they should be descriptive (such as “spot speed obtained from a detector”).

Operational definitions suggest how data are collected and processed. Descriptive
labels (e.g., “spot speeds”) may be insufficient to ensure that operators recognize the
limitations and derivations of the data presented to them. Consequently, users may need
an operational definition. Operational definitions provide detailed information on how
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data were collected and processed prior to their final presentation to the user. ’77)An
operational definition of “detector-based speed might include the following information:

@ Detector type (e.g., inductive loop, radar, digital video).

@ Data collection method (e.g., distance between detectors divided by tires between
crossings, estimation from sequential axle crossings Of one detector).

O Data handling technique (e.g., running average, simple average, snap–shot,
average at several locations, rejection of extreme values).

0 Constraints (e.g., center lane only, passenger vehicles only).

Operational definitions ensure that operators are provided sufficient information to make
well-informed decisions. Without the operational definition of speed, operators may
incorrectly presume that the data available to them are applicable to their current problem
— or, they may just as incorrectly assume that the data cannot be used. Some forms of
detector data are preferable to others. Exact counts are better than estimates, and
receiving data from all lanes is better than receiving data from a single lane. The “best”

presentation may depend on the operator’s current task.

13.2.2 Construct validity must be established

Operators’ perceptions of the usefulness of data are subjective assessments of the validi@

of the operational definition and the reliabili~ of the measurements source itself. Does
the in~ormation tell me what j’want to bow? Can I tnst the information? Validity is

used here in the statistical sense of construct validity — an assessment of whether or not
the data actually measure the parameter of interest. (77) For example, speed measurements

can be obtained in a number of ways: double loop detectors, radar, laser, eyeball
estimates, and stopwatch and checkpoints. Some approaches provide more accurate
measurements than others. Also, some approaches measure space mean speed, which
provides accurate estimates of travel time, while others provide only spot speeds, which
provide much-less-reliable estimates of travel time. Those that involve the direct
measurement of speed obviously provide greater accuracy than eyeball estimates.

13.2.3 Changes in data definitions may occur

Data definitions can change for several reasons: system upgrades (e.g., the installation of
a “newtype of detector or the implementation of a new traffic model), system or
component failures, and changes in data presentation. When system upgrades occur, two
training tasks must occur. First, valid measures of traffic conditions must be maintained.

Second, operators must be alsrted through training or information display to any changes
in operational definitions. For example, as additional detectors are added to a roadway
network, the detail with which volume, occupancy, and speed data are recorded per lane
mile is increased. Estimates of speed at a specific location, for example, may be based on
data from the nearest detector installation. With denser detector coverage, chances are
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better that the data being displayed provide a more accurate representation of traffic
conditions at that location than was previously the case.

In some TMC’S, overall system performance can be maintained even as individual

components fail. One means of accounting for data lost is to use estimation techniques
based on data available from the nearest set of detectors. When such a contingency
strategy is implemented, users must be alerted.

Finally, data definitions may change with or without an explicit request from the user. For
example, a decision support tool might support several methods of presenting traffic flow
data (e.g., averaged over time, averaged with respect to locations, running averages). The

appropriate method for displaying data may depend on the operator’s required task. In one
case, the operator may be seeking to mitigate traffic problems at a specific location as

quickly as possible (e.g., an incident near a sports arena just before the game is over). h
another case, the operator may want to optimize flow over a large section of roadway that
includes both surface streets and freeways. The method of data presentation might need to

be different in each case. Operators must recognize how these data presentation methods
should be applied (if at all) in solving current traffic problems,

13.3 VariabiIi@ and Repeat Reliabili@

Meeting the validity criteria outlined in Section 13.2 does not ensure that data are usefil

in reaching decisions. When data are viewed as being highly variable, operators may
distrust them. Whereas distrust might result from many causes, two possible sources that
TMC’S can control are discussed here: (1) variability in data, and variability of the
operator (repeat reliability), ’77)

13.3.1 Variability implies deviation from an average

The numbers from any given data source will fall within a range of values that center on
an average. Statistical measures of variability attempt to quantifi the “average” amount of
deviation or difference from the central value. Mathematical formulae for the statistical

concepts of variance and standard deviation are expressions of this “average size of the
difference” concept. ‘5g)

For the purposes of TMC operations, it is important that an operator have a sense of the
expected range of values from a given data source. As experience with the system grows,
operators learn to expect data within a certain range to indicate “normal” traffic
conditions, Values outside of that range will indicate “special” conditions (perhaps an
incident OLa system component failure). If, for example, traffic volumes drop below 35
vehicles per minute at a given time of day (as reported by a detector), operators may
suspect that an incident upstream of the detector’s location has occurred, or that the
detector has failed. Two aspects of the data allow operators to arrive at such conclusions:
sufficient baseline data and recognition of extreme values.
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Sufficient baseline data allow operators to recognL~e deviations from the “norm.’” In
order to recognize an unusual pattern in the data being presented, operators must have a

good idea of what is typical. There are no standard rules for specifying how much
experience is enough for an operator to sense normal data patterns for a given location,
time, or system. The less varial]le the data are, however, the faster this intuition will build

and the more confident users will become in making judgments.

Recognizing outliers helps in identifying problems. Before operators can decide how

to manage a traffic problem, they must first realize that a problem exists. In most TMC’s,

recognizing a problem equates to recognizing that field data extend beyond some
“typica~’ range. Decision support systems may flag data that are outside this range (where
the typical range will most likely be defined by historical data:l and perhaps recommend a
course of action. However, the operator must still recognize that the data are atypical.

Relying on previous experience will assist in determining if tbe incoming data are outside
the expected range, whether or not they indicate a traffic problem and, if so, how to
resolve it.

Operators maintain a conce~~t of “normal.” Humans are habitual pattern recognizes.

The stronger a pattern is, the more obvious deviations from that pattern are, Consider the
following two “data streams” as examples of strong i~ndwek patterns:

1 2 3 45 6 879 10

24 1 5 7 63 9 8 10

h the first data stream, the 8 and 7 seem to be misplaced in a sequence of increasing
numbers. h the second data stream, one senses that data values are increasing, ‘but
violations of strictly increasing order are common and therefore, less noticeable. From a

statistical point of view, these two data streams have exactly the same mean and variance
(variability).

The difference between these two patterns is considerable. An operator receiving data
values one at a time would be much more likely to respond when presented with the

misplaced 8 in the first sequence than at any point in the second sequence when
misplaced data values appear ’51)

The fact that operators perceive and react to changes in data that are not meaningful at a
statistical level is important fior designers. From a statistical point of view, this
phenomenon might be called operator bias. From a traffic management point of view,
such biases may be desirable — making the operator an important part of fine tuning
traffic management strategies.

One result of such operator behavior is that locations with a l~isto~ of stable data patterns
and little variability can be e><pectedto draw attention more quickly when abnormal data
patterns arrive than are locations with less stable patterns and greater variability. Such a
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response may or may not be desirable from a traffic management perspective because the

same resources applied to the more variable Iocation may yield a greater improvement in
overall system performance. If operator biases must be overcome, decision support tools,
training, and standard operating procedures are most effective in modifying behavior.

13.3.2 Variabili@ affects operators’ perceptions of data usefulness

hcreased data variability may cause operators to ignore the data altogether. In the absence
of an obvious pattern in the data, operators may not recognize changes unless they are
very large or very small, Some detectors may provide data so variable that the only
decision operators are willing to make is that the detector is (or is not) functioning. Short

of this extreme case, locations with highly variable data are likely to receive slow
responses to traffic flow changes because operators will review a relatively large amount
of data before deciding that a problem exists.

Operators are likely to overlook trends in highly variable data. In tie two data streams
presented in Section 13.3.1, the trend of increasing data values is far easier to identify in

the first stream than it is in the second because the first stream has a more recognizable
pattern than does the second. Suppose the two sequences of numbers in Table 13-1 reflect
values of some traffic flow parameter at 14 different locations during morning and
evening rush hours.

Table 13-1. Traffic flow parameter values as a function of location

Locat;on: 12345678910 11121314
Parameter Value:

MorningRush Hour 02 04 06 08 10 12 14 16 18 20 22 24 26 28
Evening Rush Hour 01 05 04 10 07 15 13 17 18 20 20 26 27 27

Figure 13-1 plots each sequence of values as a function of location. The left plot of Figure
13-1 shows morning msh hour data as a fanction of location, and the right plot shows
evening rush hour data as a function of location. The second data sequence is more
variable than the first. Note that the trends indicated by the two scatter plots reveal almost
identical slopes, suggesting that both sequences describe an increasing pattern, However,
given both sequences of data as text-based streams, operators will be less likely to
identify the trend that exists in the second sequence, It appears less reliable due to its
many reversals and plateaus. Figure 13-1 suggests that the variability of the second
sequence is rea[ly not so large, and reveals the strongly increasing trend.

Methods for handling data variabili@ are avai~able.Among thesemethodsare data

ftision (averaging values over time and/or distance), data transformations (logarithmic
transformations or z–score transformations), (‘’)and decision support techniques
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(assigning cut points to ranges of data and alerting the operator to any shifts between
ranges). (54)Flg”re 13-2 replot~ the data in FiWre 13-1 after averaging across adj:~cent data

poi~ts As ma; be seen in-Figure 13-2, averaging adjacent data points completely
eliminated the differences between the two data sequences.
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Figure 13-1. Scatterplots of traffic flow data.
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Figure 13..2. Scatterplots using averaged data.

13.3.3 Repeat reliability is an indicator of operator consistency

Operators represent a source of variability. This type of operator variability, refe:med to as
repeat reliabili~, indicates how consistently any single operator uses data. The ~rMC is a
system, and system outputs depend on data received and the operators’ responses to those
data. If operators are inconsistent in handling incoming data, the system will be
inconsistent. Operator variability cannot be totally eliminated, but it can be controlled by
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design techniques to improve operator reliability. These design techniques include(1)
s~dndardizing procedures and training, (2) running periodic checks against standardized
scenarios, and (3) increasing/maintaining operator proficiency through sufficient
exposure to syster. operation.

13.4 Inter–operator Agreement is Important

Agreement among operators is criticaI to the consistency of TMC operations. Without
agreeme~]t in standard operating procedures (i.e., what to do in response to different
traffic scenarios), the driving public may perceive TMC actions to be haphazard.
Consider the task of programming variable message signs. If operators must program
variabie message signs without guidelines for designing messages, the messages
displayed to motorists maybe inconsistent,

Inter–operator reliability indicates agreement and consistent actions among operators,
Because individuals differ in experience, competence, and knowledge, perfect agreement
between operators is difficult to achieve, Additionally, no two traffic situations are ever
exactiy alike, In order to guide operator behavior once a decision has been reached, most
TMC managers have established standard operating procedures. For instance, instructing
an operator on the circumstances under which a changeable message sign should be used
(and when it should not be used) is difficult. (Such knowledge is typically the result of
experience.) On the other hand, providing guidelines that specify (1) how to word the

message, (2) what information to include, (3) the order in which information should be
presented, and (4) where to display the message is easier.

Several methods are available for ensuring that inter–operator reliability is as high as
possible. Even for those aspects of the decision process that maybe best left to the
operators, training and discussion will improve consistency and agreement. A set of
standard scenarios is helpful for training new operators to develop expert behavior, Also
helpful are regular discussions, where operators are free to discuss actions and
alternatives with their peers and supervisors. If the clear, stated goal of these meetings is
to improve consistency and to learn from others, operators will have a non-threatening

forum in which they can learn.

13.5 various Data sources Provide Information to the TMC

Various data sources provide information to the TMC. The data from these sources differ
in their reliability, validity, and hence, their usefulness to operators. The differences relate
not only to the variability of incoming data, but also to the manner in which data are
handled prior to their presentation to the operator. In this section, the limitations of
various data sources are discussed, and guidelines for handling data associated with each
source are offered.
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13.5.1 Roadway sensors

Roadway sensors include both temporary and permanent devices that detect vehicles,

temperature, precipitation, or other roadway or environmental conditions. Detector data
are used to make an inference re[~arding some quality of the system that cannot be
measured directly (e.g., traffic flow or pavement slickness). Sensor data can be extremely

variable (as is the case with second–by–second vehicle counts) and require careti.
interpretation. Also, a detector only reports data that represent tb.e point along a roadway
where it is located. It does not measure traffic characteristics between detector locations.
Accuracy is directly related to the number and placement of detectors on a roadwz~y
network.

Loop detectors. Loop detectors are designed to count vehicles crossing the pavement in

which they are installed. Each ccjunt is “time stamped’ so that it can be used in deriving
an average frequency over a period of time. With two cletectors i.n series, the system can
also detect vehicle speeds. Speed calculations are based on the difference in arrival times
at each detector. With proper placement, increasing the density of detectors per mile will

increase the probability of locating a detector near an incident site. Detectors are
sometimes spaced close together in areas where a quick incident response is crucial and
farther apart in areas where response time is less critical. Detector data are usually

monitored by automated algorithms that compare current data with previous trend~s.
However, these algorithms are not fool proof. When a faulty detector “fools” a
monitoring algorithm, the operator is often the last line of detec:ion.

f 3/1 Detector Status Feedback (Qbselwatiori)

Provide a method for operators to declare whether detectors z~re
operational, suspect, or not functioning so that this informatic)n can
reach maintenance crews.

Road surface condition detectors. A variety of sensors capable of detecting potential

hazards due to weather have been developed. They inclicate road surface conditions based
on temperature, precipitation, and the effects of temperature and precipitation on traction
at a specific location (e.g., a bridge that may freeze be:fore the adjacent roadway).

When alerting motorists to hazards caused by weather conditions, TMC credibility is on
the line. Deciding when to alert motorists must be based on a balance of safety concerns
and the motorists’ perception th;~t the TMC is a reliable warning source, k the long term,
too many false alarms from the TMC (i.e., warning dtivers when no actual hazard exists)
may cause drivers to disregard warnings provided when the hazards are real.
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13.5.2 Automated Incident Detection Systems

Many T.MC’s have automated incident detection and locating systems (IDLS). These
systems perform statistical analyses on traffic flow data (typically, traffic speed, volume,
and density or detector occupancy). IDLS computer algorithms search for abrapt changes
in traffic flow characteristics at a given station, or patterns of flow discontinuity between

stations. When the data cross a predefine threshold, the operator is alerted to a possible
incident.

Obviously, these systems are not perfect. Minor incidents (e.g., stalls) are often missed
because they don’t create enough congestion to trigger an alarm, Sometimes an incident

may be falsely reported because the traffic flow happens to mimic patterns found near an
incident. One way of increasing IDLS accuracy is to increase the length of the time that
traffic is measured before reporting an incident. However, increasing the amount of data
used to make the decision increases the length of time before the operator is alerted and
can respond to the incident. Therefore, it is more common to use multiple data sources
and multiple decision thresholds to trigger an incident alarm.

f 3/2 incident Detection Location System (IDLS) (Recommendation)

Provide automated incident detection support systems to improve
operators’ performance of incident detection tasks.
Results of ATMS experiments contrasting manual incident detection (NO

IDLS) and automated incident detection (IDLS) conditions provide

evidence that operators can enhance their incident detection performance

when given access to an automated incident detection system.

f 3/3 IDLS and !nciderst Location (Recommendation)

Incident detection support systems should automate the
specification of incident location information.
Empirical results indicated that incident location information was specified

more accurately under the IDLS condition than under the NO IDLS

condition. One common operator mistake was to report the incident on the

wrong side of a divided highway.
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1314 Secondary Incident Detection Mecblanism (Recommendation)

A color-coded map (vwhere color coding provides traffic flow
information), in cornk}ination with remote video cameras, can aIssist
operators in detecting incidents.
In general, comments concerning the usef~~lness o: the color-coded map
were favorable. By an(i large, our pilot data suggested that subjects found
the color-coded map to be a useful incident detection tool as colors turned
to red representing po{)r traffic flow, Then CCTV cameras were used to
verify a suspected inci(dent. The major performance enhancements are
reflected in improved I(>cation accuracy and in lower detection time.

Given supplemental incident detection tools (e.g., remote video cameras,
color-coded traffic ‘flow information), operaors can compensate for
deficiencies in hit rate and detection latency that maybe inherent to an
automated incident detection support system. Merely providing a s:~stem

that automates the incident detection task does not guarantee that an

operator will interact with it as a means of obtaining incident detection

assistance. Experimerltal results suggest that operators, when given

supplemental incident detection tools, can compensate for deficiencies –

such as long detection latency and low hit rate – built into an automated
incident detection system.

The incident detection algorithm can be adjusted to (1) minimize false alarms by
accepting poor detection rate and detection latency performance, (2) maximize detection
(hit) rate by accepting poor false alarm performance, or (3) shorten detection latency by

accepting poor false alarm performance. It is not possible to simultaneously optimize
performance in all three performance dimensions.

1315 Hit Rate and Detection Latency (Recommerldation)

An automated incident detection support syste!m should be designed
such that it operates at the highest hit rate and shortest detection
latency that are practical to achieve.
Operators are willing to accept a higher number of false alarms if they are
able to quickly identify and dispose of them.
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f 3/6 False Alarms (Recommendation)

The operator should have an easy means of rejecting any repoti
recognized as being a false alarm.
Designing a support system with the highest hit rate and shortest, most
practical detection latency will result in a relatively high false alarm rate.
One key to effective performance was to make it easy to reject false alarm
reports supplied by the IDLS, This feature should be facilitated through

design of the user interface. One approach is to implement a set of four
buttons (Repoti, Put ~nBackground Log, Mark as Dup/icafe, Rejec/) that
allow operators to manage IDLS reports. Upon verifying a false alarm, the
operator clicks the Reject button, and the repoti is immediately disposed.

13/7 Incident Verification (Recommendation)

When presented an incident repoti, the operator should be prOvided

with a means for readily veri~ing the incident.
Note that current data are more recent and potentially more relevant than
the accumulated data that ttiggered the report. However, the operator’s
prima~ task is to ascertain whether an incident truly exists. A camera
view of the possible incident site, perhaps automatically selected by the
IDLS, is an effective approach. With one control input (for executing a
“select camera” command), the operator can display the view associated
with that incident,

1318 Task Interruption (Recommendation)

New incident repotis should not interrupt an operator working to
complete a previous report.
Higher-priority tasks, such as completing an incident report, should not be
interrupted by a new report from the suppoti system. The operator should
be allowed to manage one repoti at a time – and either dispose of it or
delay its handling (e.g., selection of the Puf in Background Log button) –
before considering a new report.
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13/9 Detection Latencies (Recommendation)

Shoti detection Ia%encies can minimize incident detection and
verification time.
Shorter detection Iatencies designed into automated incident detection

systems will reduce the time operators need to file incident reports (where
the filing of an incident repoti involves receiving timely notification [of a
potential incident, verifying that an inciden’i has occurred, and ensuring
that incident location ilaformation has been recorded). This will ultimately
speed the process of (dispatching incident management field assets and
emergency vehicles tc) the site, and minimize the incident duration

13.5.3 Video images

We often assume that video–breed information is the best indicator of traffic flow. After
all, the operator can simply obs(:rve what is happening. However, standard video is not

easily quantifiable. Individuals are less accurate and reliable when their judgments are
based on video images than whm their judgments are based on a numerical assessment of
the same situation. Digital video data collection represents an attempt to obtain accurate
quantitative traffic data from real-time video images. It, too, has limitations that must be
addressed.

Direct observation provides data. Closed circuit teh:vision (CCTV) has become a major
source of information for verifying incidents and judging traffic flow characteristics.
Qualitatively assessing of traffic flow parameters from real-time video displays .s a threat
to repeat reliability among operators. Real–time video data provide “fuzzy” descriptors
(e.g., “fast” or “slow”), rather t!~an an accurate measurement of a traffic flow parameter.

Operator knowledge of the roadway is an important filter for judgments. Landmarks in
the video image can become of critical importance.

One difficulty in the use of CCTV is that much information is lost when viewed at night
or in extreme fog or smoke. Technologies developed for the military might be adopted to
improve these images. Infra-red and light-enhancing cameras s.re available but are
expensive. An alternative techrlology that presents images based on integrating several

seconds of exposure is an inexpensive alternative, Though rapidly moving objects appear
as a blur, still objects, such as stalled vehicles, can be seen clearly.
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43/12 Wdeo Image Labels (Observation)

Label video images with an adequate amount of location information.
In TMC’S where more than one operator can control a camera, operators
may have trouble orienting themselves after someone else has redirected
the camera. In order to use video information effectively, operators should
be able to orient themselves rapidly and with a high degree of certainty. A
problem with many video displays is that they provide no indication of the
direction in which the camera is currently facing.

Even in static display arrangements, with a one–to–one mapping of
cameras to displays, task performance will be faster and more accurate if
screens are labeled with location names, rather than numbers. Labels
should include references to cardinal direction, route name and location
(e.g., Eastbound 1-68 at Genessee Ave.)

Video image processing is used as an alternative to in–road detectors. Image

processing of digital video can provide count, classification, speed, headway, and
occupancy data from a single source. The technology relies on the optical recognition of
vehicle configurations (length, width, trailer connections, etc.) from above. Reliability is
limited by(1) the ability of the vehicle recognition software to accurately sort vehicles
into classes and (2) the contrast between the background and the vehicles in the scene

being recorded.

Spotter (probe) vehicles provide data. Spotter vehicles can provide data to the TMC
through automated instrumentation or through radio communication between the driver
and the TMC operator. By traversing the roadway network, the spotter vehicle (and
driver) provide a first-hand experience of traffic patterns. Operators must understand the

“spot” nature of spotter vehicle data. These data correspond to the spotter vehicle’s
current location (at the current time) and may become out-dated soon after the vehicle

leaves the location,

13.5.4 Voice communications

TMC’s will have extensive communication links to field personnel and to the driving
public. Information obtained from these sources is as reliable as the individuals providing
it. Much of this type of information will be qualitative in nature. TMC staff must be
trained to properly handle communication with the public.

Cittien call-ins. With the increased availability of cellular phone hot lines, roadside call
boxes, and citizen’s band radio, the nearly immediate notification of incidents and traffic
problems is possible. hformation received from citizen call-ins, however, is likely to be
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less reliable than communications from trained professionals (e.g., uniformed psrsonnel

or TMC field personnel). The following guidelines nlay improve reliability:

13/1 3 Roadway Locator Signs (Obsewation)

Provide an adequate density of locator signs (e.g., mile markers).
Such infrastructure i!j critical to making it easy for citizens to accurately
identify locations when calling. Many agencies now post mile markers
every one-tenth of a mile. Exit numbers and cross street or bridge names
should also be posted.

13/44 Citizen Call-irl Handling (Obsemation),

Designate a speciai group of personnel to be responsible for
answering citizen calls.
If there is a large volume of cellular phone calls, the TMC might need to
dedicate personnel to answering the citizens calls on a full-time Llasis,
screening the information, and passing it to appropriate operators.

13/15 Operator Interactions with Public (Observation)

Provide training to all personnel who deal with the public.
Such training will inff)rm personnel how to present a professional,
customer–oriented attitude. In order to extract accurate information from a
motorist, operators must convey an appropriate attitude and be able to
direct the conversation such that it generates useful information,

13/16 Citizen Call-ill Encouragement (Obsemation)

EncOurage citizen (call–ins through media campaigns and by posting
a hotline number at strategic Iocatione.
Strategic locations include state boundaries, highways departing airports
and freeway segments approaching congested areas or high-accident
locations.



Traffic reporters and uniformed personnel. Many TMC’S have developed

relationships with locai traffic reporting organizations (e.g., radio and television news
programs). One obvious advantage of such relationships is the TMC’S ability to
disseminate traffic alerts through the media. Many news organizations have aerial data
collection capabilities that can significantly enhance the TMC’S ability to monitor traffic
conditions, Uniformed personnel (e.g., fire, police, ambulance) can serve a simiiar role by
notifying the TMC of incidents or traffic problems. Although some TMC’S are co-located

with emergency response dispatchers, most are not afforded such close contact, In
addition, the needs of the TMC for logging incidents and coordinating incident responses
are often different than those of emergency dispatchers.

The ability to obtain usable information from traffic reporters and unifomed personnel
depends on cooperation and knowledge. The goal should be to ensure that the information

supplied by these sources is trustworthy – so that the TMC can respond to it without
conducting a site verification. The following recommendations will ensure that
information provided by traffic reporters and unifomed personnel will adequately
suppofi TMC operations:

Train ira~c repofiers and uniformed personnel %0 ga%ber petiinenf

tra~c information and repoti it such that it meets TMC needs.

Such information will likely identify incident location and severity, as well
as the incident’s effect on traffic flow. Ideally, location identifiers can be
standardized through automated means, such as GPS. Accident severity
and traffic consequences are more difficttlt to assess, even by
experienced personnel.

When planning for major events or a traWtc–re[ated emergency
response, train field personnel to help monitor and consistently
repoti trati~c conditions to the TMC. Field personnel should not have to
develop operating procedures and communication protocols at the time an
emergency occurs.

13.5.5 Real–time traffic models

Computer-based traffic models may be introduced to the TMC to estimate traffic
behavior, provide data on expected traffic problems and predict the results of strategies

used to mitigate such problems. Models require fine tuning (to ensure accuracy) and
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operator experience [to reduce the likelihood of misinterpreting information). Models
differ according to the types of traffic parameter estimates they offer, and each model has
strengths and weaknesses that must be considered.

System performance. System performance estimates are useful for planning special
events and in developing emergency response plans. A model can estimate volume and
speed throughout the roadway network.

13/19 Strategic Planning and “Wha$ i?’ Analyses (Obsewation)-

Conduct ‘“what iv i~na!yseS to help develop contingency plans for a
variety of inciden% scenarios invoiying critics; roadway segnlents.
Such analyses of alternative scenarios allow planners to test predictions.

When conducting strategic pianning ~?xercises, run models such that
they consider a minimum of three sce!narios-.two extreme sluenarios
and a routine scenario.
The routine scenari{> will be based on average values extracted “from a
historical database. These values will lead to predictions that reflect the
most typical outcomes. Traffic data can demonstrate wide variation.
Consequently, running a model under two extreme conditions (i.e.,
conditions for which minimum data values apply and conditions for which
maximum values apply) is prudent. This analysis strategy will assist in the
forming of continge~lcy plans and will enhance model credibility. The
specification of roufine, m;nimum, and maximum values is subject to
consideration by TklC operators and managers. Suggested minimum and
maximum values are the 5th and 95th percentiles, respectively.

13/21 Mode! Assumptions (Observation

Familiarize operators with model assumptions and with the manner
in which plans are generated.
Model results are based on assumptions, instructions, and algoflthms that
are specific to the model. Within some traffic scenarios, these
assumptions, instructions, and algorithms may Flave no meanin{]. Viewing
model results for sLlch scenarios, while having no knowledge of the
conditions under which the model is valid, can cause operators ‘to
misinter~ret the results.
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Comparisons with historical and theoretical performance. A real–time traffic model
can be used to validate its own accuracy. Ultimately this type of validation exercise, will
help in calibrating tbe model over time.

73122 Mode! Prediction (observation)

Validate the accuracy of model predictions.
In this manner, operators will become familiar with a model’s capabilities
and have a means of forming accurate impressions on the usefulness of
the model’s predictions.

~3/23 Post-hoc Analyses (Observation)

Run post-hoc analyses to compare actual results with predicted
results.
Such analyses assist in assigning appropriate parameter weights, where
these weights will be applied to model parameters in future predictions. In
this manner the model will be calibrated. A post–hoc analysis enables
operators to compare actual results (measured at the time of a given
traffic event) with predicted results (provided by the model),

Look-ahead models. Faster-than-real-time traffic models, when fielded, will
allow operators to test various mitigation measures prior to implementing them.
(46)The model can be instructed to provide near-term predictions (e.g., 10 minutes

after mitigation),

13124 Look-ahead Model (Observation)

Provide effective discrimination between results from look-ahead
models and current tra~c status.
Look–ahead models are intended for real–time use at operator
workstations. In order to ensure that operators do not confuse predictions
with current traffic data, model results must be presented in a distinctive
manner.
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13.5.6

13/25 Look-Ahead hfiodel Interval “Look-Aheacl” Time (Qbsemation)

Allow operators to ‘raw the length of a model’s “look-ahead’” time. In
practical terms, as the length of a look–ahead time increases, prediction
accuracy decreases. Random variation, plus any other incidents that
occur between the c!Jrrent time and the look-ahead time, will cause the
model’s accuracy to degrade. Such degradation will tend to undermine
operators’ confidence in an otherwise useful tool.

System se~f–tests

A number of advanced TMC’S have established self-diagnostic capabilities, as well as

procedures for resolving hardware and software problems. While operators will be
responsible for relatively few diagnostic and maintenance activities, sustaining operators’
awareness of current system sl:atus is important (e.g., identifying components that have
failed). Operators must also understand the implications that may occur as a result of
;omponent failures (e.g., degraded system performance).

Detector and controller statuls data must be provided. Indicators that reveal the
current status of input and output devices are common within TMC’s. Unfortuc[ately,
unless a device fails completely, its respective status indicate}: is difficult to interpret. For
example, a “stuck-on” loop detector may provide inaccurate volume and occupancy

information. Data arriving from an intermittently-operating detector may in fact resemble
data that indicates a traffic problem The following guidelines will help to reduce such
uncertainties, as well as the time operators spend verifying detector and controller status:

13/26 Detector Failure (Observation]

Provide positive indicators of detector failure.
In identifying a detector failure, operators should not be required to view a
“stream of zeros.” Improved communications protocols and data handling
procedures will allow the system to distinguish a malfunctioning detector
from a traffic stoppage. These improvements will also allow the system to
recognize intermittent problems and thus inform operators of the potential
for erroneous data.
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Provide only significant information on detector and controller
failures.
Many systems’ failure logs repoti relatively insignificant communications

failures, For example, some systems poll devices once per second. If a
communications link failed during a single polling attempt, a failure record
is generated and displayed – even though the link may be reestablished in
the next second and continues to operate properly. Only those failures
that significantly impact system performance should be displayed.
Otherwise, failure data logs will be dominated by temporary problems
capable of resolving themselves, and could hide serious problems for
which action is required,

Computer status information must be provided. The automated systems of advanced
TLIC’s are highly sophisticated combinations of computer hardware and software. Such
systems, capable of running se!f-diagnostic tests (and then isolating and compensating for
failed components), rarely experience complete failure. Rather, continued performance in
less than fully-operational modes will be more common. Operators must understand
system capabilities and recognize how the system’s status influences their
decision-making activities,

f 3/28 Critical S stem Status~

Provide meaningful status indicators for all crit!cal system hardware

and software components.
Task analysis results can identify components requiring status indicators.
This set of components can be derived from operational sequence
diagrams (OSD’S) generated during early system and task analysis.

?3129 Res onse Strate~ Obsewation

Assemble an operators’ forum to discuss system failure modes and
response strategies,
This discussion might result in an on-line help facility, user manuals, or
perhaps a tutorial, It will serve as a reference for operators, assisting them
in the selection of appropriate responses to various system failures,
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13130 Degraded System Etiects (Observation)

Idenii@ any data that are atiected by degraded system status.
Operators may be aletied to such data through effective on-screen
messages. Operators should be aware of any special data handling
approaches (e.g., estimation techniques used to accommodate for any
gaps in the data). In zlddition they should adjust their actions accordingly.
(See the discussions concerning warning indicator displays in Sections
8.2.5 (visual) and 8.32 (auditory), as well as the discussion below.)

Warning indicators. Most warning indicators are visual or auditory alarms. They are
automatically triggered when a measured system parameter exceeds (or in some cases
fails to exceed) a threshold. Consider a traffic volume indicator that alerts operators to
conditions of low traffic volume. When the computer determines that traffic volume is
less than the threshold, say 10 ‘vehicles per minute, a :red light flashes and a buzzer
sounds. In many TMC’S, thresholds for warning indicators are too sensitive.
Consequently, warning indicators become sources of distracting background noise, and

they provide no meaningful indication of system status. Physical characteristics of
warning signals are discussed in detail in Chapter 8. The following guidelines are

intended to assist designers in (developing meaningful, effective warning signals:

Provide warning sif]nals to operators for critical tra~ic conditions

and system failures.
Consider, for example, the “annoyance bctor” associated with a warning
buzzer that alerts operators to failed detectors. These devices are prone
to frequent failure. Consequently, for a s!lstem with enough detectors,
such an alarm would be activated constantly.

13/32 Warning Amk!iguity (Obsewation),

Use multiple criteria to trigger warnin~]s to reduce warning
ambiguity.
Data may not uniquc~ly define traffic or system conditions. Recall from an
earlier example that an unusually high occupancy data may indicate an
accident or congest(;d traffic, but it may also indicate a detector failure. An
approach for removing ambiguities is to define a sef of conditions (rather

than a sing/e condition) that, if satisfied, would trigger a warning.
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13/33 Disabling of Alarms (Obsewation)

Allow operators to turn off alarms only under controlled conditions.
An alarm that is of sufficient impedance to be presented, should be
disabled only upon the completion of an explicit operator action to reject it
as a false alarm or to place the record into a background file for later
handling,

Consider innovative display techniques. New graphical computer displays allow
designers to discard older display techniques that included mechanical gauges and even
alphanumeric data screens. Designers might also consider using multiple presentation

modes (e.g., visual and auditory). Such an approach will increase the operator’s
likelihood of noticing the warning signal and reacting quickly,

Consider tasks requiring TMC operators to monitor system status. For such tasks,
displays must often be configured such that the status of many different parameters can

be judged at a glance. Columns of numbers are difficult to interpret, particularly when the
operator has additional task demands--which is typically the case,

Our research has shown that an integrated traffic flow display providing bar-graph
displays of traffic speed and density at a series of locations can be used effectively by
operators in diagnosing traffic flow anomalies. The data might be presented for all traffic
lanes at a given roadway location or for a single lane in several consecutive locations.

Another alternative display technique, one that has been used successfully in control
room environments, is the aial chart. This type of display exploits the visual system’s
high sensitivity to regularity of form. The axial chart is represented by a polygon

(pentagon, octagon) which is symmetrical around at least one axis. The polygon connects
a set of axes which all originate at the center of the polygon. Each axis represents the
status of one input channel. Input channels might, for example, include signal levels from
sensors, or perhaps functioning levels (on/offl of signal lights, If all input levels are
“nominal”, the bounding figure is a regular polygon approximating a circle, The
advantage to this configuration is that the smallest deviation from a nominal value will be
reflected as an asymmetry in the polygon. Visual distortions of this sort are very easy for
the eye and brain to detect, The axial plot uses only one dimension (length) to represent

input levels, and confusion resulting from the incorporation of additional dimensions
(e.g., color) is eliminated.

System Iogs provide data. System logs record changes in system status and actions
taken by operators to mitigate traffic problems. (e.g., component failures, a system’s
return to “on-line” status). In multiple-operator TMC’S (where the work day is divided
into multiple shifts), a central source of system status information, as well as a log of
operator responses to traffic events, must be provided. System logs can be maintained
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electronically or in hardcopy form. Srandard procedures, readily understood by all
opemtors, must be followed wh:never critical information is recorded.

13.6 Data Fusion Reduces Data Variability

Data fusion is the act of combining data across time, locations, or sources. In maty cases,
data fusion results from counting the number of events that occur within a given time

interval and expressing the total number of events per unit time, or averaging the dava
from two adjacent detectors. Data fusion reduces data variability, and through a reduction
in data variability, operators are provided a more stable description of traffic conditions.
However, data fusion rules must be developed carefully to ensure that the reduction in
variability does not mask detecl.ion of critical traffic events.

13.6.1 Temporal data fusion

Temporal data fusion refers to the combining of data over time. A number of temporal
data fusion techniques are available. Table 13-2 describes how four of the most common
temporal data fusion techniques (total, average, moving average, weighted average) are
performed. Two important reasons for applying temporal data fusion techniques are:

e To reduce the amount of data being assessed cluring decision-making activities
@ To reduce data variability.

Consider, for example, an operator who is monitoring raw datz. from an inductive loop

detector placed at a location x. The operator must decide whether traffic volume at
location x has increased significantly. If the raw data were displayed as a constant stream
of ones and zeros, detecting a trend of increased volume would be extremelY difficult.
Consequently, data of this form might be presented only on diagnostic displays that allow
operators to determine if reliable data are actually ari[ving.

Consider a simple total (obtained over some meaningful time interval). An operator
might compare a number of different totals, each obtained during a different interval. In
this manner, the operator might detect trend information (e.g., a trend of increasing (or
decreasing) traffic volume). In many scenarios, simple totals are insufficient in helping
operators reach appropriate decisions. In addition, totals are only meaningful for
frequency data. An alternative might be to average across several intervals. In this
manner, data that are relative ttoa standard time–based reference can be reportec[.
Averaging can stabilize data (i.e., reduce variability), The period of time in which data
are averaged must be chosen carefully so that the average redujces short-term variability

(noise) while retaining sensitivity to long-term variability, which could indicate and
incident.
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Table 13-2. Temporal data fusion techniques.

7kckr1iq~de

Total

Average

Mo\ing Average

Weighted Average

Defi?iition

Data received during a discre[e interval of :ime axe summed. Note that this

technique is only meaningful when applied on frequency data. Exunzples: total

number of vehicles (during a 3-mirlute interval); total numhcr of pedestrian

crossings (during an hour interval)

Data are received during n discrete time inte~vals, and the da[a within each

interval are aggregated. (The manner in which each interval>s data are

aggregated is dependent upon the type of data being collected. Frequency data

might be summed, while speed data would be averaged.) The n aggregates are
averaged, and this average value is reported. Examples; average number of

vehicles (detected during three-minute intervals); average number of pedestrian

crossings (detected during hour-long intervals)

Data are received duting n discrete time intervals, and the data within each

interval are aggregated. The n aggregates are averaged, When data for the time

interval rr+ 1 arrive, [hey are aggregated, and the data aggregate for the oldest

time intervai is discarded. A new average (using the data aggregate from

in;erval n+ 1) is computed. Examples: average number of vehicles (detected

during the most recent minute-tong intervals); average number of pedestrian

crossings (detected during the most recent 3-hour intervals)

Data are received during n discrete time intervals, and the data within each

interval are aggregated, Each aggregate is multiplied by a “weighting factor,”

and the n “weigbte&’ aggregates are summed. Examples: average number of
vehicles (detected during o“c.minute intervals – where the most recent data

aggregates are weighed more heavily than the oldest)

Moving averages and weighted averages also reduce variability, Moving averages
consider only the most recent data received by the TMC, Weighted averages allow data
from different time intervals to be “prioritized. ” For example, the most recent data might
be weighed more heavily than the oldest data, In this manner any changes in the current
traffic pattern will show their effects more quickly,

~3/34 Data Fusion Technique Awareness (Obsewation)

Inform the operator of %he data %usion technique being applied.
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~3/35 Data Fusion Technique Consistency (observation)

For data that operators must compare (e.g., across ditierent
locations, across diflerent days, or across ditierent times), ap~]iy a
consistent data fusion technique and time intewal.

13.6.2 Geographic data fusion

Traffic networks provide data that arrive from geographically distinct locations.
Detectors, for example, are not typically spaced at standard intervals along roadways.
Instead, they are placed to take advantage of nearby sources of power and
communications capabilities. Important intersections and ramps are more likely to be
monitored and controlled than those considered less critical to traffic flow.

Geographic (or spatial) data fusion refers to combining data from distinct locatioIls in a
given roadway network. Two geographic data fusion techniques are averaging and
weighted averaging. Geographic data fusion allows ThIC operators to learn of traffic
conditions in the vicinity of (1) a given location or (2) between several locations. Suppose
an operator must obtain traffic flow information at a location that is not monitored by a
detector but is equidistant from two detectors. Under taese conditions, geographic data
fusion is an important tool for providing required data Totals may be used to indicate the
volume of vehicles entering or leaving a region during a given time interval. Averages
may be used to estimate critical indicators (e.g., average occupancy of an outbound
bridge, average volume of inbolmd tunnel lanes). Weighted averages may be useful when
estimating traffic conditions at a location near two or more detectors, where the subject
location is closer to some detectors than others.

13136 Non-S%andard Averaging Techniques (obsewation9

Use weighted avera~]es and other non-standard averaging
techniques (e.g., ge{>metric averages) with caution.
Such numbers may be difficult to understand, and operators may l~se
them without fully understanding how they are computed.

43/37 Tratic Data $f)urce (Obsc!wation)

Identi@ the set of dc?tectors that are suppiying the traW~cdata.
The most straightfom(ard approach is to highlight Ibis region on a map. If
map displays are unavailable, clearly label the data and describe the
region from which they are being collected.

13-25



GLOSSARY OF TERMS

The terms below have been selected because they are lf~ely to be unfamiliar to designers who do not possess a
human factors background. The parenthetical ]lumber following each item refers to the chapter(s) in which the tem
is found; terns in boldface are defined elsewhere in the glossaq. Definitions taken directly from sources (e.g.,
Stramler, 1993) are indicated,

accommodation (8) The process by which the optical stmctures of the eye adjust to allow focus
of images from varying distances. Accommodation results from varying tension of the cilia~
muscles that surround the lens of the eye, effectively changing the focal length of the lens and
causing the image to resolve at the retina.

action verb (11 ) A word that identifies an activity. h the design of a computer interface, for
example, the command “file” may mean m action or a thing; if the intent is to store a file in
memoW, the action verb “save” is superior because it specifically identifies an activity.

ambient sound level (10) The sound level associated with an environment. k a TMC, the
ambient sound level is the background noise associated with the work mea.

ambient illumination (10) The level of light associated with. an environment, usually a work

place. Ambient light can influence visibili@ of light sources, such as video display units,
signs, warning lights, and CCTV display monitors.

anthropomet~ (7) The systematic study of the physical dimensions and proportions of the
human body. (a~. anthropometric)

attention (5) The general, allocation of senso~-perceptual finctions, possibly involving motor
fanctions as well, to a subset of possible inputs. (Stramler, 1993)

attention, divided (5) The form of attention required when an operator must perfom two or

more concurrent tasks.

attention, focused (5) See attention, selective

attention, selective (5) The ability to continuously or willfally focus on a restricted set of desired
inputs, to the exclusion of the remaining concumently impinging sets. (Stramler, 1993)

bac~ash (9) A response of a control system in which the system response being controlled is
briefly reversed after completion of the movement of a control. A joystick, for example,
might be affected by backlash if the cursor it drives moves slightly in reverse after the control
is released.
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beta test (11 ) A final phase of pre-release testing of software. Beta-testing generally occurs
immediately before release to the market, and generally represents a form of the software
ve,~ close to the final product.

brightness (8) The psychological counterpart of luminance; brightness is the subjective
judgment by an observer of the relative amount of light reflected from or emitted by a
surface. Luminance (q.v.) is the corresponding objective photometric term.

caffeine (5) A chemical constituent of some food products that causes elevated neural
functioning that may affect behavior.

candelas per square meter (8) A S1 measure of luminance (abbreviated cd/m2, and sometimes

called a nit). The equivalent older unit foot-Lambert (L) is also used, but with decreasing
frequency.

canister fixture (10) A luminaire configuration in which a light source is mounted in a
recessed, usually cylindrical, fixture.

chromatici~ (8) the color of a light source defined in terms of its dominant wavelength and
wavelength purity (hue and saturation), exc!uding its brightness.

CIE (8) Commission International de l’Eclairage; source for world standards of color
specification. Coordinates on the CIE 1933 (x, y) or 1976 (u’, v~ color space are frequently
used to specify color.

circadian rhythm (5) A biological rhythm with a period of about 24 hours.

circular polarizer (8] A type of filter used to reduce glare from a VDU display by filtering
reflected light in certain orientations.

clearance envelope (10) Physical space, based on anthropometric data, required to
accommodate a human in a particular work location; e.g., leg and knee space clearance
envelope for work stations.

cognitive (adj. ) (5) kvolving the higher mental activities or intellectual functions. (n. cognition)

color (8) An attribute of a visua! perception derived from stimulation of retinal cone cells by
light energy from the electromagnetic spectrum of the wavelengths associated with “visible
light.” As a defined attribute, light consists of three specifying elements: hue, or dominant
wavelength (loosely equivalent to the common term “color”); value, or brightness; and
saturation, or wavelength purity. For purposes of human factors engineering, color is often
described using the CIE color system.

color temperature (8) The temperature (in Kelvin) of a radiating blackbody having the same
chromaticity or spectral distribution as a given color light source. (Stramler, 1993) Color
temperatures are specified for representative wavelengths in each of the CIE standard
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illuminants. Many environmental and display specifications require precise illum, inant
sources, including specification of color temperature.

command-based interface (11 ) A human-computer interface system based upon line entry of
specific commands by the operator for execution by the computer.

cone vision (8) Central vision in the human retina, characterized by a high density of cone-type
receptor cells that provide sensitivity to cokor. Cone vision is effective in daylight (photopic)
conditions, ineffective when light levels are low (scotopic).

consistency (11 ) Attribute of performance or action that repeatedly falls within certain specified
limits. (After Stramler, 1993)

construct (2) A postulated attribute assumed to be reflected in observable behaviors or events.
(Stramler, 1993) If improvement in operator performance in a TMIC follows implementation
of a new incentive system, we might presume that motivation accounts for the change;
motivation is a construct, a word “invented’ to account for the change.

construct validi~ (2) The extent of the relationship between what a test measures and how test

scores are reflected in behavior and performance. (Stramler, 1993) See also validi~,
internzl.

contrast (8) The relative difference in luminance between the brightest and darkest areasof a
visual display or scene. Contrast is calculated by

C= (L,,,t. L \,,.)/L,,,.

contrast ratio (8) The ratio between the luminance of the brightest and darkest areas of a visual
display or scene. Contrast ratio is calculated by:

C = L.AX/~.,N,

control (9) A device that allows an operator to direct the action of a machine or system.

convergence (8) The inward rotation of the eyes to focus on an object close to the viewer.

correct rejection (4) One of four possible outcomes of a signal detection task — stating that no
signal is present when in fact there is no signal present.

coupling (3) In function allocation, the combination of human and computer actions

criterion validi~ (2) See validi~, criterion.

cross-coupling (9) A situation in which an event occurring in one aspect affects or causes an
event to occur in another aspect. (Stramler, 1993) For exampie, movement of a mouse-type
input device in a vertical direction causes changes in the signai associated with lateral
motion.
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dark adaptation (8) The period required by the eye to adjust to a change from bright (photopic)
to dim (scotopic) illumination. Adaptation will generally require 20-30 minutes.

decision support tool (11, 12) Any aid used to assist an operator in making a decision.

decision criterion (4) The conditions under which a certain decision is assured (Signal
Detection Theory); specifically, the level of signal energy necessa~ to prompt a sensory
decision from an observer with a given probability.

decision aid (11) See decision support tool.

default (11) A value, condition, or state which is automatically selected by a computer or other
system unless overridden by an operator or program. (Stramler, 1993)

dependent variable (1) h experimental procedure, a variable whose value is determined by one
or more independent variables. The dependent variable is the value measured in an
experiment to ascertain whether manipulation of the independent variable causes a
systematic, causal change.

detection (8) ‘The response of an observer to the recognized presence of an object, event, or
condition; 2the process by which the presence of an object, event, or condition is recognized,

dialog (11) The content of a structured sequence of steps in an interaction between a user and a
computer. (Stramler, 1993)

diffuse reflection (8) Reflection of an incident energy flux in many directions from a surface.
White typing paper is relatively diffise in its reflectance properties; a mirror is non-diffise
(specular),

direct-manipulation interface (11 ) A user-computer interface in which the entity being worked
is continuously displayed, the communication involves button clicks and movements instead
of text-like commands, and changes are quickly represented and reversible. (Stramler, 1993)
A graphical user interface (GUI) manipulated by mouse is an example of direct
manipulation.

dispIay (8) ‘(v)The presentation of information — data andor graphics — in a manner designed
to be perceived through human senses (e.g., VDU, earphones, mapboard), ‘(n) A device that
presents information,

divided attention (5) That form of attention in which an individual must perform two or more
separate tasks concurrently, all of which require attention. (Stramler, 1993)

Dvorak keyboard (9) A keyboardwith key placementAOEUIDH~S on the “home” row,
alternative to the standard and familiar QWERTY keyboard.
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empirical data (2) Information obtainedby objectivemeasureor observation;rigorously
collected,not result of opinion or subjective bias.

ergonomics (10) The study of humans at work; roughly equivalent to human factors
engineering. This term is the prefemed usage in Great Britain.

error (4) An inappropriate response by a person or a system

error of commission (4) An error resulting from an system taking an action when no action is
required.

error of execution (4) An error in which the operator begins an action sequence with the correct
actions in mind, but fails to implement one or more actions properly.

error of intention (4) An error in which the operator applies the wrong action, thinking that the
action was correct.

error of omission (4) An error resulting from a system’s failure to take action when action is
required. (See also “lapse.”)

error probabili~ (4) The mathematical likelihood that an error will occur. The error
probabilities associated with Type I and Type II errors are u and ~, respectively.

etching (frosting) (8) k visual displays, a glare-reducing treatment that causes reflections to be
diffuse. Most desktop computer VDU’S have etched glass outer surfaces that prevent sharp
background reflections from causing visual strain.

expectancy theory (5) Theory that seeks to explain a decrement in vigilance perfomrmce when
an observer has been trained in an environment with a high number of targets, then must
perform in a “real worl~’ situation with far fewer targets. The difference between
expectations and reality contributes to a vigilance decrement.

expert system (11 ) A job aid for decision-making, generally computer-based and using artificial
intelligence technology.

external vafidity (2) See validity, external

false alarm (type I error) (4) In Signai Detection Theory, an error in concluding that a signal
is present when there is no signal. The probability associated with a false alarm is ~.

fatigue (4) A state or human activity associated with low energy, motivation, and productivity,
generally caused by physical or mental exertion,

feedback (9) The return of meaningful irrformatiors within a closed-loop system so that system
performance can be appropriately modified. (Stmmler, 1.993) A joystick used to control
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cursor position, for example, provides mechanical feedback through the user’s fingers; the
cursor position provides visual feedback.

fine positioning (9) The precise positioning of a pointer, cursor, or other movable target. Gross
positioning requires rapid general placement. Pointing devices such as a mouse and
trackball must meet standards for both gross and fine positioning. To meet both
requirements, the device (e.g., a mouse) must be able to move smoothly and rapidly over long
distances while being adjustable with high resolution in a small target area.

Fitts Iist (2) Common list of criteria for allocating functions to human or machine (after Paul
Fitts, who developed the technique).

flow chart (2) A design tool composed of standard symbols and annotations used to describe a

process in a given operation by breaking it down into its component steps. (also flowchart,
flow process cha~ see also operational sequence diagram)

fluorescent illumination (8) A catego~ of light source in which illumination is produced by
passing an electrical current through a tube containing mercury vapor and lined with
fluorescing substances. Fluorescent illumination differs from sunlight and other light sources
in its spectral composition.

font (8) A family of typefaces that shares similar features of style and is designed for esthetic
compatibility. This term is frequently misused, most often confused with typeface. A font
(e.g., Times Roman) will include faces in italic, boldface, and other styles in a variety of
sizes. The font was a typesetter’s wooden cabinet that contained lead type of a given class
(font) in all sizes and styles (hence a ~peface defined as “ 12-point italic from the Times
Roman font”). The term is used in computer displays in a more general sense of the style of
alphanumeric characters displayed.

foot-Lambert (8) An old unit of luminous intensity the luminance of a perfectly reflecting
surface receiving 1.0 lumetiftz. Largely replaced by S1 unit candelas per square me$er
(cd/mZ).

fovea (8) The portion of the retina of the eye (area centralis) characterized by a dense array of
receptors and a high population of cone-t~e receptors which yield visual images of high
resolution and color differentiation, but which have relatively low sensitivity to light.

frosting (etching) (8) See etching

function allocation (2) The step in design of human/machine systems in which system
operations are assigned to the operator, to automated processes, or to a combination of human
and machine processes.

general illumination (1O) The approximately uniform background illumination within a
specific area or volume. (Stramler, 1993) In a TMC control room, this is the overall

Glossary -6



illumination level, independent of specific supplemental. light sources for individual work
stations or other areas.

glare (8) Excessive, unwanted illumination in an operator’s field of view that distracts or strains
visual performance. Common undesirable effects of glare include poor adaptation (sunlight
from a window causing the operator’s pupil to contract, making discrimination of VDU
images difficult), distraction (phototropic response, in which the operator’s gaze is attracted
or disrupted from the intended area by bright illumination), and reflected glare that resolves
at a distracting focal distance (as when the reflection of an exit sign on a VDU screen
resolves at twenty feet, while the focal distance from operator’s eye to display focal plane is
18 inches).

graphical user interface (GUI) (11) A direct manipulation interface that employs icon
symbols, windows, and other graphical metaphors. Generally referred to by the acronym,
pronounced “gooey.”

gross positioning (9) The general positioning of a pointer, cursor, or other movable target. Fine
positioning requires precise placement. Manipulation devices such as the mouse and
joystick must meet standards for both gross and fine positioning. To meet both requirements,
the device must be able to move smoothly and rapidly over long distances while being
adjustable with high resolution in a small target area.

highlighting (11)h visual displays, the use of a feature that contrasts with the general
background to make some point or element of information more noticeable.

hit (4) k Signal Detection Theory, a correct response in which an observer states that a signal
is present when the signal is in fact present.

hot key (11] A key on a computer keyboard that causes an action to occur by a single key press.
Keys on the function row of a PC keyboard are usually “hot.”

hue (8) A dimension of color defined by dominant wavelength (other dimensions are brightness
(luminance level) and saturation (wavelength purity). I+ue is approximately equivalent to
(and sometimes confused with) the common definition of coIor. The terms red or green refer
to the attribute hue.

human error (4) Any error in a system attributable to a human action or lack of action

human/system interface (1) The point of interaction between the human and non-human parts
of a system.

icon (11 ) A graphical representation of an action or object; most frequently applied to graphical
user interfaces (GUI’s). An icon showing a file folder, for example, may be used to
represent the action of saving a file.
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identification (4) The action of recognizing/categorizing information in a display. Detection is
limited to sensory response (something is there); identification, which follows detection,
involves categorization (what is it?).

ilIurninance (8) The luminous flux density incident per unit area on a surface. (Stramler, 1993)
Luminous flux is the Iight energy projected by a source; illuminance is the amount of light
that reaches a give~l place (e.g., the upper work surface of a work station).

incandescent illumination (10) Illumination produced by light from an incandescent source
(i.e., an incandescentlamp, usuallyan electrical filament in a sealed bulb). kcandescent
sources have spectral characteristics that make them “warmer” than other sources (e.g.,
fluorescent illumination).

independent variable (2) In experimental procedure, a variable manipulated by the experi-
menter with the expectation that changes in one or more dependent variables will result.

indirect lighting (10) Illumination so designed that most of the luminous flux is directed toward
a surface other than the task surface. An indirect fixture, for example, may illuminate a
ceiling and provide indirect illumination on desks or other work areas. kdirect lighting is less
likely to produce certain kinds of glare.

individual differences (6) tiown or estimated distributed variations in human size, strength, or
other physical or mental performance variables that must be accounted for in job and task
description and design and in the design of the workspace.

information (4) lThe meaningful collection of facts, figures, andor data; ‘in infomlation theory,
that which reduces uncertainty (typical unit is the bit). (after Stramler, 1993)

intensi@ (8) A measurement of energy per unit time per unit area. Luminance flux is an example
of a measure of light intensity.

interface (11 ) A common bounda~ or point of connection between two parts of a system or
between systems. A human/system interface is an interface between a human and a non
human part of a system.

internal validi~ (2) See validi~, internal.

irradiation An optical effect caused when bright, boldly designed images are presented
against a dark background. Bold white letters against a black field, for example, will appear
to have fuzzy or indistinct, glaring, outlines due to irradiation.

isometric action (7) A muscular dynamic in which muscle tension increases without
concomitant changes in muscle length; pushing the hands together without movement after
contact is an isometric action.
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isotonic action (7) A dynamic muscle action in which the muscle length of one or more muscles
shortens and movement of one or more body links occurs, with constant muscle tension
throughout the movement.

job (3, 6) The sum of all the tasks and duties assigned to and carried out by one or more workers
toward the completion of some goal.

job aid (5, 11, 12) Any measure that enhances work performance. Also user aid (generally

applied to information systems), work aid.

joystick (9) A stick or lever control device used for hand or finger generated system input havinf;
at least two degrees of freedom. A joystick may control some electro mechanical input (e.g.,
an aircraft pilot’s control) or a cursor or some other element of a computer system. Also joy
stick.

kerning (8) An attribute of typography that addresses variable spacing of letter elements for a
more pleasing visual arrangement. Kerning is available in some advanced word processor anti
desktop publishing programs.

keyboard (9) A computer input device similar to a t~ewriter mechanism

knowledge, stills, abitities (KSA’S) (2) A commonly used descriptor of human attributes
needed to accomplish some task. KSA’s are frequently cited in descriptions of job
qualifications.

lapse (4) A memo~ (storage) failure, in which an operator forgets the appropriate sequence of
actions.

leading (8) In typography, the space between lines of type. Small leading will produce dense,
less legible, text. Pronounced “ledding” (from lead strips used by old hot-lead typographers.~1

Iegibili@ (8) Attribute of displayed alphanumeric elements; ability of an observer to discriminate
individual letters or numbers. Note that readabili@ is the degree to which meaning can be
extracted from the text, and is not the same as legibility. Text rendered in all uppercase may
be just as legible as the same text in mixed upper and lower case, but less readable.

link analysis (2, 10) An analytical design tool that measures the interactions among individuals
and nonhuman system elements, usually by noting the frequency of interaction.

load stress (3) Stress caused by sensory overload such as a requirement to monitor too many
channels of information.

lumbar support (1O)Ergonomicsupportfor the lumbar region of the spine; an attribute of
seating systems.
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Iuminaire (1O)A complete lighting fixture including the lamp, housing reflector, guard, etc. A
complete lighting system is usually composed of several luminaries.

luminance (8) The measure of luminous flux per solid angle reflected from or emitted by a
surface. The “brightness” control of a VDU actually adjusts the luminance,

Iux (8) The S1 unit for measure of illuminance, generally replacing foot-candle (fc)

macro (11 ) A set of commands or keystrokes that may be executed by a single command,

matrix character (8) A character displayed by use of a usually rectangular matrix of on/off
elements (e.g., the characters on a VMS display).

matte (8) Having diffise reflective characteristics or a dull or non-glossy surface (e.g., unglazed
porcelain).

menu-based interface (11 ) A computer interface so designed that instructions from the user to
the system are chosen from a displayed list of options rather than input by the user as a series
of memorized commands (see command-based interface).

micro-mesh screen (8) An anti-glare screening device for video display units consisting of a
fine mesh that limits the path of light to and from the screen surface.

miss (&pe 11 error) (4) An error in which the observer fails to detect a signal that is present; the
probability associated with a type 11error is ~. (See false alarm, @pe I error, u)

mockup (1) A full-scale model of a work station or item of equipment used as a design tool,

modality (11 ) Any sense, such as vision or hearing. (Stramler, 1993) A warning indicator that
combines a flashing light and a beeping tone is multimodal. Also senso~ modali~.

modulation contrast (8) A measure of visual corntrast computed by

C = (L.~ - L.,.)/(L.H + L~,~)

monitor (8) (n) A video display unit. Because of confusion with the verb, this term is not
frequently used.

monitoring (3) (v. monitor) The act of obsewing a situation or event (e.g., an operator
monitoring input of traffic sensors on a display) over an extended period of time.

mouse (9) A computer input device consisting of a hand-held structure with one or more buttons,
used to move a cursor and to select an object or choice; generally used with a graphical user
interface.
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natural language interface (11) A computerinterfacestyle in which the vocabulary or syntax of
entries and commands approximate normal language.

navigation (11) In human-computer interfaces, the action of moving from one interface mode or
location to another (e.g., within menu hierarchies).

neutral densi@ filter (8) A filtering device that reduces intensity uniformly across the spectmm,
hence without distorting color attributes; used as a glare-reduction device for video display
units.

noise (8) Components of a measured energy that may interfere with a signal, particularly that
which reduces signal clarity. Note: “noise” in this sense is not necessarily sound, but may
affect any sensory modali~.

operational sequence diagram (2, 3) A tool for task anallysis that uses a systematic flow
description of actions, inputs, decisions, etc. to allow precise and objective understanding of
an element of work, particularly activities involving human and machine elements. The OSEI
is similar to a flow process chart, but more detailed.

peak load (11) The maximum rate or capacity which a system or component either is designed
for or is able to perform or support.

perceptual load (11)The quantity of information that an operator is expected to perceive and act
on during a task within a given time period.

persistence (of phosphor) (8) The attribute of a phosphor screen that describes the time requirec~
to go from an excited state to a null state. A television screen uses a low-persistence
phosphor, since movement of images with high persistence phosphor would tend to leave
“trails” of slowly dimming bright areas. An oscilloscope, which traces lines that must be
visualized after movement, uses high persistence phosphor.

photometer (8) A light meter. Photometers measure levels of luminance or illuminance to some
required degree of accuracy. A spectrophotomete~ measures not only light intensity, but
spectral components as well.

phototropism (8) The unlearned response of an organism to the presence and direction of a ligk~t
source.

point (8) Standard measure of type size; 1 point= 1/72 inch.

pointing device (8) A device used to highlight or indicate a selected portion of a display

popliteal (7) [pop.li.te.al] Describing the crease of the leg joint immediately behind the flexed
knee @opliteum). The distance from buttocks and floor to the popliteal crease is an essentia~
factor in the design of chairs.
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population (2) All possiblemembersof a grouphaving a distinctsetof characteristics,
(Stramler, 1993) In designing components of a TMC, the characteristics of the target
population (education, physical size, etc.) should be considered. For test and evaluation, any
sample of test Subjects should be representative of the intended population.

processing time (5) The time required or allowed to complete a process

prototype (2) A model or prelimina~ version of a product which is produced prior to fabrication
of the production item and is representative of the final system for testing and evaluation
(Stramler, 1993).

psychometrics (2) The use of psychological tests and measures and statistical techniques in the
study and analysis of human behavior.

quarter-wave coating (8) An optical coating process used to reduce some aspects of glare in
video display units.

QUERTY keyboard (9) The standard keyboard arrangement, in which the sequence of letters
in the row above the home row is QWERTYUIOP, See also Dvorak keyboard.

rapid prototyping (1) A computer-assistedmethodfor rapid developmentof interfaces,
displays,and controls, using a graphical representation of the final product that can be
manipulated and easily modified as part of the design process.

readability (8) The attribute of text in a display that addresses the ability of an observer to read,
or acquire the meaning of, words and phrases. Readability is related to visibility (can the
display text be seen?) and legibility (can each letter or number be identified?).

redundant coding (8) Information codingthat includesmore than one way of recognizing and
processing a message (e.g., a warning device that includes a blinking light and an audible
beeping tone).

reflectance (8) The ratio of energy reflected from a surface to the energy incident on that surface
(Stramler, 1993). A mirror has high reflectance; a surface of matte black has low reflectance.
Reflectance may be specular (unidirectional,as in a polishedsurface) or diffuse
(multidirectional: for example, rough, unglazed porcelain).

reliabili~ (1) ‘The probability that a system will perfom its functions under specified
conditions; ‘the likelihood that repeated tests of the same phenomenon will yield the same
results.

rod vision (8) Vision associated with the periphery of the retina (populated by rod cell
photoreceptors), hence peripheral vision. Rod cells are very sensitive to quantities of light
and to movement, relatively insensitive to color and not acute in form perception. Cone
vision, or central vision, is associated with the fovea or area centralis of the retina,
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populated by cone cell photoreceptors, which are not as sensitive to small quantities of light,
but are sensitive to details of form and color. Rod vision is critical under low levels of light.

sample (2) A groupselected from a total population for study.

saris serif (8) A typeface designed without serifs; Mat is, without the ornamental flourishes like
Roman-style t~e. (This is a saris-serif face,)

saturations(8) The attribute of color that describes wavelength purity. A saturated color will

aPPear intense and Pure to the obseme~ an unsaturated color will appear “grayed.”

scan (3) To search a selected area for a specified detail (e.g., scan a display of a street plan for
indications of faulty sensors).

scrolling (11 ) Advancing through a display line by line under operator control

search (3) A basicelementof a task in which an operatorlocatesa targetamongotherstimuli

seat angIe (7, 10) The angle of the seat pan plane above a horizontal reference with the origin at
the seat reference point. (Stramler, 1993)

seat height (7, 10) Vertical dimensionof a seat from floor to top of seat pan; hence, in a
properly designed chair, the distance from floor to the popliteal crease.

seat pan (7) The portion of a seat on which the thighs and buttocks rest, (Also seatpan)

see-over (10) The design attribute of a component that assures that an operator’s view of critical
displays will not be blocked.

segmented character (8) A text characterin changeable displays constructed from a limited
number of segments, or fundamental elements, LED displays are generally segmented.

selective attention (4) The ability to consciously or willfully focus on a restricted set of desired
inputs, to the exclusion of the remaining concurrently impinging sets. (Stramler, 1993)

Sensory Decision Theory (4) See Signal Detection Theory.

serif (8) The ornamental flourishes that decorate Roman-style and certain other typefaces. (See
saris serif.)

short-term memory (5) See worklrsg memory

S1 Syst&me International d’Unites. Internationally accepted units of scientific measure,
commonly known as the “metric system, ”
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signal (4) Information transmitted by some means: visual, auditory, tactile, electromagnetic, etc.
See noise.

Signal Detections Theory (5) A psychophysical method used to describe an observer’s decision
as to whether a signal is present against a background of noise. The theory includes the ratio
of signal to noise, operator biases, and risks associated with decisions.

slip (3) An execution failure in which an action sequence continues to the wrong conclusion

speculari~ (8) The attribute of a surface that determines the degree to which incident light is
reflected directly or in a multidirectional, diffuse manner. From L. speculum: mirror.

speed stress (4) A condition of overload caused when the rate of information exceeds the ability
of an operator to process it.

stress (4) The collective mental and physical conditions resulting when an individual experiences
one or more biomechanical, physiological, or psychological stressors above comfortable
levels. (Stramler, 1993)

stroke width (8) The width of a displayed line.

structural (static) anthropometry (7) The measure of the human body at rest.

stylus (9) An input device, generally pen- or pencil- shaped, used for computer input.

Subject (1) A member of a population under study selected for inclusion in an experiment or
evaluation. When used in this sense, the word is generally capitalized; in scientific writings,
often abbreviated S (plural St).

supplementary illumination (10) Lighting installed or supplied in addition to the general
lighting (e.g., a desk lamp).

sustained performance (5) Measure of quality of task execution over a specified time period; in
particular, the effects of boredom, stress, and fatigue on performance.

syntax (11) In computer commands, the meaning or significance associated with the order of
words or commands (e.g., <command><parameter><argument>).

task (2, 3, 6) A logical, describablegroup of related activities (subtasks) that comprise a discrete
component of a job and which are performed within a job classification. (After Stramler,
1993)

task allocation (6) The division of tasks acrossa team. This differs from function allocation in
that the latter divides tasks between humans and automated components.
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task analysis (2, 3) A systematic breakdown of a task into its elements, specifically including a
detailed task description of both manual and mental activities, task and element durations,
task frequency, task allocation, task complexity, errvironmentai conditions, necessary
clothing and equipment, and any other unique factors involved in or required for one of more
humans to perform a given task. (Stramler, 1993)

task complexi~ (2, 3, 11) Measure of the nature of a task, accounting for the number of
sub~asks and their individual and aggregate difficulty.

task difficulty (2, 3, 11) Measure of the nature of a task, based on the likelihood of an error
occurring in its commission,

trackbalI (9) kput device for human/computer interface consisting of a free-turning sphere in a
restraining framework, upward-facing and capable of finger manipulation to adjust a
pointing device. Also track ball.

type 11 error (miss) (4) See miss,

@pe I error (false alarm) (4) Seefalse alarm,

typeface (8) See font,

undo (11) A command or menu selection that reverses the execution of the immediate prior
command.

usability (11) The measure of the ease with which one may use a product or learn how to use a
new product. (Stramler, 1993)

user-centered design (11 ) A system design process that focuses on or specifically
accommodates the capabilities and limitations of the human(s) in the system.

validity, construct (2) See construct validi~

validity, criterion (2) The degree to which a test accurately predicts job performance. (See also
validi@, external.)

vatidity, external (2) In experimental usage, the degree to which the results of a test can be
applied to the “real world,”

validity, internal (2) In experimentalusage,the adequacyof experimentaldesign; the degree to
which a test measures the variable under study, (See also construct validity,)

variance (2) A deviation from a standard or otherwise normal or specified value. (Stramler,
1993) h statistics the variance generally refers to the dispersion of measured values around a
mean; the second moment of a statistical distribution.
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video display unit (VDU) (8) A visual display, widely used in humaticomputer interface
designs, in which information in the form of text and/or graphics is displayed on a cathode
ray tube.

viewing angle (10) The angle within which an observer can view a control or display.

viewing distance (8) The line-of-sight distance between the observer and the display being
observed.

vigilance (3, 5) A state in which an individual sustains a high level of attention in an attempt to
detect a signal, a change in signal, or a particular activity. (Stramler, 1993)

visibility (8) The degree to which an object can be perceived by an observeq obstacles to
visibility might include low contrast, low brightness, interposition of other objects or
surfaces, and distance. See also legibili@ and readability.

visual angle (8) The angular size of an object being observed, relative to the observer; calculated
by distance from eye to target and height/width of the target.

work modules (2, 3) Aggregations of discrete tasks that are temporally related or combine to
achieve a coherent objective; a tool of task analysis that allows many separate tasks to be
clustered in a meaningful way.

work pacing (6) The rate at which a task or activity is done, whether externally- or self-paced.

work station (10) The physical configuration of an individual work unit, usually including work
surface or console, controls, displays, supplemental lighting, and other furniture.

work surface (10) The surface, usually a horizontal or near-horizontal plane, on which an
operator performs tasks. In a TMC work station, the work surface might support a
keyboard, pointing device, and space for notes and job aids.

working memory (5) A form of memory of limited capacity and duration generally used for a
requirement at hand; after a short period, working memory is either encoded into long term
memory or decays beyond accessibility. Also short term memory.

workload, mental (5) An indicator of the level of total mental effort required to carry out one or
more tasks at a specific performance level.
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GUIDELINE INDEX
(Terms are followed by numerical identifiers of related guidelines)

Active Field
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Alarms
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5/7 ..,,....,...,..5-6
5/17.............5-13
5/19.............5-13
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8/34.............8-21
8/36.............8-22
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8/62....,...,....8-32
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Arousal
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5/16.............5-13
5/22.............5-14
5/24.........,...5-14
5135,............5-26

Attention
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512 . . . . . . . . . . . . ...5-5
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518 ...,...,,......5-6
5112.............5-12
5/16.............5-13
5122.............5-14

Auditory Communication
516 . . . . . . . . . . . . ...5-6

Audito~ Messages
8163.............8-34
8/64.............8-34
8/65.............8-34

Auditory Stimuli
516 . . . . . . . . . . . . ...5-6

517 . . . . . . . . . . . . ...5-6
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Automation
311 . . . . . . . . . . . . ...3-6
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13/2 13-10
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