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EXECUTIVE SUMMARY

The use of computers and VOUs (Video Display Units) in process control
systems has fincreased significantly in recent years. The primary function
of these systems is to aid the operator in the operation of the plant. At
the present time, there exists a need to establish useful guidelines for
determining whether VOUs effectively accomplish the objective of aiding
operator performance. The vendors of these computer based VOUs have
produced a wide array of formats and varying levels of sophistication for
the nuclear operator to choose from. The Nuclear Regulatory Commission
(NRC) has been tasked with assessing the operability, utility, and adequacy
of this assortment of display types in the control room. The objective of
this report 1s to provide the NRC with a single source that documents known
guidelines for conducting formal Muman Factors evaluations of VOU systems.

This handbook s a "cookbook" of acceptance guidelines for the
reviewer who 15 faced with the task of conducting an evaluation of VOUs
dlready designed or planned for service in the control room.

The areas addressed within this handbook are:

0 Video Displays

0 Controls

0 Control/Display Integration

0 Workplace Layout
Guidelines relevant to each of these areas are presented. The existence of

supporting research 1s also indicated for each guideline according to the
following key:
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Y = Evidence of formal experimentation is presented in the
literature to validate the rationale for establishment of the
criteria.

L = Only cursory informal experimentation or observations were
conducted and more research is needed. Evidence of formal
experimentation is extremely scarce.

N = No known research 1s available.

A general comment is provided at the end of each listing of guidelines to
discuss the detafls, findings, and rationale for the guidelines.

The analysis of varfables contained within each area is followed with
a Method for Assessment section that describes the technigues for
determining whether or not a particular guideline has been satisfied,

The application of this handbook by regulators, designers, and human
factors practioners should result in the identification of human factors
discrepancies in VDU systems.

The contents of this document are not static and suggestions for fits
improvement in future revisfons are encouraged from the users. That
feedback can be provided by filling out and returning the attached
evaluation form located in Appendix A ("Evaluation of: Human Engineering
Guidelines for the Evaluation and Assessment of Video Display Units").
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interface have lagged behind the application of these systems. In the
past, human factors engineering has not been a formal requirement in the
product l1ife cycle of VDUs or nuclear control room design. Therefore,
there is a need for all disciplines (computer specialists, engineers,
psychologists, and operations personnel) to take an active role in filling
the voids where human factors guidelines are incomplete. In the interim,
there is the need to review the guidelines that are available and to merge
them into a single resource for the evaluator in the field. David

3 writing for the User On-Line Interaction Group of the American

Penniman,
Society for Information Sciences, suggested that interim guidelines are
better than no guidelines at 211. The evaluator or reviewer of these
systems cannot afford to wait until all human interface issues have been
reso.ved and the ultimate guidelines document written. Computer systems
that utilize VOUs are being installed routinely in all areas of business
and industry. It can be inferred that not all of these systems will
incorporate established human engineering guidelines into the final
design. There is, then, an immediate demand for a handbook to be used for
the assessment of those systems currently in place, which led to the

rationale for the writing of this document.

Purpose and Scope

The purpose of this report is to review the material available,
synthesize it, and provide a handbook. A keynote to the work performed
herein is "integrate." Many of the established guidelines are
contradictory in their design recommendations across various sources. For
example, the recommendations for symbol contrast ratios are highly variable
and depend on the source which the user chooses for obtaining the
information. It was determined that this handbook would not be complete if
guidelines were incorporated that failed to consider alterative criteria or
solutions. That is, the objective for this document was to consider:all
data pertaining to VDU design issues rather than to preclude guidelines
based on subjective judgement.

The strength and validity of mary of these guidelines are variable.
Some of the guidelines are supported by formal experimental research. On
the opposite extreme, certain guidelines are the results of long standing
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conventions and lack formal test validation. Many of the latter group of
guidelines are the result of standing practices based on research from
hardwired analogue displays and signs. Many of these extrapolations of
this early research to CRT monitors may not be applicable. Human Factors
Engineering is a relatively new discipline when compared with other
sciences, and the existing data base is far from complete. Therefore, the
holes in this data base are occasionally filled with one's best guess or
conventions from similar research.

Many hard questions remain to be resolved in the human factors domain
before the human factors data base is able to fully exploit this new VOU
technology. The scope for this document is to cite the guidelines
available while acknowledging that there are limitations to certain data.

Recomended Use of This Document

This document is intended to serve as an aid to those persons tasked
with the function of reviewing, assessing, and evaluating VDUs currently in
place or proposed for installation in NPPs. The users of this document
will represent various disciplines of engineering and technical areas and
may or may not possess specialized skills in human factors or computer
systems. The intent is to provide the user with a “"cookbook" of
guidelines. The philosophy for use of this document can best be
illustrated with what the document is.

This document IS:

0 A set of human engineering guidelines addressing VDU systems in a
ready-to-use format.

o An aid to the user for making a human factors appraisal of VDU
systems.

0 A reference guide to personnel involved in the procurement,
selection, and design of VDU equipment.



Additional Literature Sources

Applicable NUREG Reports

This document is intended as a supplement to the following related
NUREG reports currently available:

o

NUREG/CR-2496, Human Engineering Design Considerations for
Cathode Ray Tube-Generated Displays, April 1982.4

0 NUREG/CR-3003, Huaan Engineering Design Considerations for
Cathode Ray Tube-Generated Displays, Volume II, July 1983.

5

) NUREG-0700, Guidelines for Control Room Design Reviews,
September 1981.6

() NUREG-0696, Functional Criteria for Emergency Response
Facilities, February 1981.7

0 NUREG-0835, Human Factors Acceptance Criteria for the Safety
8

Parameter Display System, December 1981.

) NUREG-0801, Evaluation Criteria for Detailed Control Design
Review, October 1981.°

0 NUREG-0660, NRC Action Plan Developed as a Result of the TMI-2
Accident, Vol 1 and 2, May 1980.10

0 NUREG-0737, Clarification of TMI Action Plan Requirements,
November 1980.11‘12

0 NRC Regulatory Guide, 1.97, Revision 2, December 1980.13




General Human Engineering References

The content areas have been intentionally directed toward the
assessment of VOUs. Therefore, many general human engineering guidelines
which have limited bearing on VOU issues have been omitted from the
document. A sample of references are listed below for the reader
interested in obtaining general human engineering guidelines which are
beyond the scope of this document.

Bailey, R. W., Human Performance Engineering: A Guide for System
Designers.l4

Department of Defense, Human Factors Engineerigg.l5

Department of Defense, Miltary Standard, Human Engineering Design Criteria
for Military Systems, Equipment, and Facilities, MIL-STD-1472C.16

Huchingson, R. D., New Horizons for Human Factors in Desigg.17

McCormick, E. J. and Sanders, M. S., Human Factors in Engineering and
Design.18

Van Cott, H. P. and Kinkade, R. G., Human Engineering Guide to Equipment
Design.19

Woodson, W. E., Human Factors Design Handbook.zo

Eastman Kodak Co., Ergonomic Design for People at Work, Volume I.21




VDU BASICS

This section encompasses the fundamentals of VOUs. A definition of
VDUs in the workplace is presented first. In addition, the operator's role
in VDU systems will be discussed. Finally, this section concludes with the
benefits that can be achieved for conducting a Human Factors assessment of
VDU systems.

VDU Description

This section is intended to illustrate and define the physical
characteristics of a VOU. The te-ms VDT (Video Display Terminal) and CRT
Console are often encountered in the literature. In this report, it can be
assumed that all those terms are synonymous in meaning with VDUs. A VDU is
an input/output device which permits access to and dialcgue with the
storage and processing capacity of a computer. The VDU is a component of a
system comprising a computer, terminals, and other peripheral
ecwipment.z2 The "computer" may be a centrally located mainframe or a
microprocessor installed directly into the unit. The latter comprises the
"desktop" family of microcomputers. Therefore, a VOU can be (a) simply a
“Dumb Terminal" where all system functions reside in a mainframe physically
removed from the unit, (b) a self contained microcomputer which is stand
alone or not dedicated to a central computer, or (c) some combination of
both types where some functions are handled within the unit (similar to a
microcomputer) and other functions are dedicated to the mainframe. For the
sake of brevity and relevance, only the aspects of VDUs directly associated
with the operator interface will be discussed. That is, specific features
that are essentially invisible or transparent to the operator will be
omitted.

The human factors guidelines for VDUs contained in this document will
tend to emphasize design considerations that most directly relate to the
elements of:




0 Display screen
0 Keyboard (and/or alternate input device)
0 Applications software.

The primary points of concern for the man/machine interface reside in
those elements. The display screen usually consists of a CRT and functions
as the operator's "window to the world." It serves as the primary "Output"
device for display of information to the operator. It might be noted that
the display screen also serves to provide feedback to the operator that a
control function has been initiated. The keyboard is the primary Input
device for the control, entry, modification, or alteration of data by the
operator. The keyboard is probably the most established standard for data
"Input," but its availability and general acceptance should not supersede
consideration for alternate input devices (e.g., touch panel, mouse,
joystick). The applications software includes all graphics, displays, and
functions essential for the operator to communicate with the system. In
other words, applications software is what the operator "sees" while
interacting with the VDU. The major concern is with how a particular
parameter is displayed to the operator. A large number of issues must be
addressed prior to the development of effective applications software. For
example, "Should the format for presentation of a variable set be in the
form of a trend plot, bar chart, or digital display?" "Does the operator
benefit from this information or is it just cluttering the screen?™ If he
does benefit from the information, when should it be displayed (i.e. on
requestor, at all times)?"

In conclusion, any device that incorporates a CRT display screen, a
"computer", software, and a keyboard (and/or other alternate input device)
can be classified as a VOU. An example of a typical VOU is shown in
Figure 1.
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Benefits from a Human Factors Assessment

The benefits of a Human Factors effort are best described by
Meister,23 "The goal of [Human Factors] is, therefore, to optimize the
design of equipment from the standpoint of the equipment user so that his
efficiency will be at its greatest. In a nutshell it [Human Factors]
attempts to 'tailor' equipment to the capabilities and limitations of the
user." A full Human Factors assessment aids in satisfying the objective of
an effective Human Factors program: (a) improved human performance as
shown by increased speed, accuracy, and safety and less en.rgy expenditure
and fatigue; (b) less training and reduced training costs; (c) improved use
of manpower through minimizing the need for special skills and aptitudes;
(d) reduced loss of time and equipment as accidents due to human errors are
minimized; and (e) improved comfort and acceptarce by the user/operator.
Human Factors is concerned with improving the productivity of the operator
by taking into account human characteristics in designing systems.17 The
final payoff is reduced risk and probability of human error that could lead
to catastrophic incidents. The complexity of systems that humans are
forced to cope with in this current technology has diminished older
attitudes about the human interface. Typical responses, such as "the
operator is highly adaptable to a poorly designed piece of equipment and
has the capability to just muddle through, are rapidly losing ground. In
further defense of minimizing human error through human factors efforts,
why should millions of dollars be devoted to design for equipment
reliability without considering the reliability of the human who must
operate that system?



ASSUMPTIONS

The guidelines contained in this document are based on several
assumptions about VDU equipment and the characteristics of the user
population. They are presented below by category for "VOU Equipment" and
the "User Population:"

VOU Equipment

0 Control Room Environment--The environment will be close to that

of a normal office (shirtsleeves environment). A direct analogy
between NPP control rooms and a normal office (e.g.--noise and
lighting may be different) may be debatable, but the assumption
is to preclude the need for artic clothing or anticontamination
suits by the operators under routine operations. Those
requirements may effect display dimensions and selection of input
devices.

0 Display Medium--The guidelines are based on criteria applicable
to a standard CRT monitor. This rationale is based on the
general acceptance, versatility, and availability of the CRT
monitor over other display technologies (e.g.--plasma displays,
flat panel displays, LCDs, LEDs, fiber optics, etc.). At the
present time, it is believed those alternate technologies are at
least a decade away befcre they can significantly impact the
direction towards replacement of the CRT monitor.® With minor
exception, color and graphics capability are also assumed to be
standari features for the CRT monitors. In addition to the CRT
monitor as the primary display medium, a guidelines sections has

also been devoted to hardcopy printer characterist.cs.

a. Apple Computer Corporation has recently developed a flat panel display

for use with the Apple IIC computer. This device will become available

Fall, 1984. Therefore, the implementation of these alternate technalogies.

for industrial process control may occur at a faster rate than originally

predicted. .
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Keyboard Arrangement--The guicdelines assume the keyboard layout
for the alphanumeric characters will be of the <tandard QWERTY
arrangement (for the first six letters on the top row of keys).
This assumption does not rule out suggestions for altering
placement of special function keys, cursor keys, character keys,
or a numeric pad. Those features are not "fixed" into place or
standardized as is the case for the aiphanumeric keys.
Therefore, tradeoff considerations between the QWERTY, Dvorak,
Alphabetic, Klockenberg, and other alternative configurations
will not be discussed.

User Population

Physical Characteristics=-The user is assumed to have normal (or

correctible to normal) visual acuity and non color-deficient
visfon. The primary user will also be an adult without handicaps
that require the use of specfal prosthetic devices.

Education and Training=-The user is NOT assumed to possess

special training in computer science or typing skills. This type
of ability will be strictly user dependent. Some will have
formal training and a high degree of expertise in computer
related skills, and others will have almost none. The majority
of users, however, will most likely possess military and/or
college coursework in engineering fundamentals with "hands on"
experience with process control systems in a nuclear
environment. A second level of users have heen identified, but
they are much more difficult to define. This group will consist
of some combination of process engineers, ranagers, technicians,
and maintenance personnel.

Task Functions--The majority of users will be using a VOU for
controlling and monitoring the status of a NPP plant or similar
industrial system. The tasks are varied for the identified users
and many of the guidelines are certainly applicable to a
multitude of other applications.

11



ORGANIZATION OF THE DOCUMENT

Overview

The various guidelines have been sorted by VOU categories and then by
variables within each of the categories. A "variable" within the context
of this document is any parameter or item which may have an effect on human
performance with specific application to VOU issues (e.g. brightness,
contrast, flicker, etc.). The strategy, method, and format for selection
and organization of those variables is presented below.

Strategy for Selecting the Variables

The VDU variables selected for this document were initially derived
from a thorough review of the available literature. Human engineering
guidelines, textbooks, and related materials were researched to identify
the domain of variables related to design and assessment of VDUs, including
those related to the workplace. Any variable which could significantly
impact human performance was considered. The resulting 1ist was then
submitted for internal and external peer review. Recommendations were
implemented and the final list of 92 variables were agreed upon for
inclusion into the document,

Method for Presentation

Order and Classification

The VDU variables are classified within four major categories or
functional areas. For each major heading, the varfables are grouped by
more specific subcategories. A complete listing is shown in Table 1.

It was determined that this organizational scheme would minimize the
search time for those interested in guidelines for a particular variable.
To further aid the user of this document, each category and its major
subsections has been tabbed and each subsection is preceeded by a contents
page.

12




. TABLE 1. ORGANIZATION OF THE VDU VARIABLES

Visual Displays

A. Legibility and Visual Acuity

Flicker

Contrast ratio
Display luminance
Phosphor

Glare

Scraen resolution.

e S I P S

B. Screen Structures and Content

Cursor

Text

Labels

Messages
Abbreviations

Error statements
Nontextual messages
Data display

Data entry

0. Instructions

‘ C. Alphanumeric Characters

25 Font or style
2. Character size and proportion
3. Character case
4. Emitter size, shape, spacing

W OSNOUT S W

0. Screen Organization

Screen size

Grouping

Display density

Display partitioning
Frame specifications
Interframe considerations

W BN

E. Visual Coding

Color
Geometric/shape
Pictorial
Magnitude
Visual number
Inclination

U S WM e
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TABLE 1.

F.

Controls

A.

(Continued)

Enhancement Coding

Brightness

Blink

Image reversal
Auditory

Voice
Audio=-visual
Other techniques

SOV B W N e

Bynamic Display

. Display motion
2. Digital counters

Information Formats

Analog

Digital

Binary indicator
Bar/column chart

Band chart

Linear profile

Circular profile

Single value line chart
Trend plot

0. Mimic display

= WO 00 NOYUY B WP e

Keyboard Layout

Keystroke teedback

Key actuation force

Key roll-over

Key travel (displacement)
Key color/labeling

Key dimension/spacing
Keyboard slope

Keyboard thickness
Special function keys

WO SNDU S WM e

Auxiliary Controls

1. Auxiliary numeric key set
2. Alternate input devices

14




. TABLE 1. (Continued)

Control/Display Integration

A. User Dialogue

Question-and-answer
Form=filling

Menu design

Command language
Query language
Natural language

O U B Lo PO

B. System Feedback

Display update rate
Response time

System status indication
Routine status information
Performance/job aids

8 L

C. Software Security

5. Data protection

. Workplace Layout
A,

Anthropometrics

Keyboard base

Working level

Keyboard home row

Screen

Viewing distance
Footrest

Reach envelope

Position and movement of the head
Leg, knee, and foot room
10. Screen orientation

11. Chair

12. Hardcopy printer

13. Health and safety

WO N U & WM e

B. Environmental Factors

Background noise
Temperature and humidity
Lighting

Ventilation

Static electricity

W& W N e
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A definition for each major category will now be discussed in order to .
acquaint the user with the organizational logic. A detailed definition for

each sub-category is provided in the appropriate section prior to
precentation of the subject variable set.

Video Displays. This functional area includes all guidelines related
to the presentation or output of information to the operator. The primary
focus is the CRT screen. Issues that address software features such as
screen content, structure, organization, coding, and layout are :resented
in this section. Hardware features that effect visual acuity and
readibility of the screen are also included (e.g.--flicker, contrast,
resolution, etc.).

Controls. In the context that Video Displays are related to the
output of information, controls are the primary device for the input of
information to the system. The emphasis for VDU issues will be specific to
the layout and arrangement of the keyboard. However, alternate input
devices are also discussed in this section.

Co trol/Display Integration. A large body of guidelines exists in
the | terature that involve the total integration of controls and displays
to rarform a specific task function. As a result, this section addresses
th.se issues of controls and displays that are not feasible to examine in
isolation. For example, user dialogue, data transmission, and feedback to
user action are incorporated here.

Workplace Layout. This section attends to the issues which encompass
the design, configuration, and environment for the VDU workstation.

Format for Presenting the Variables

The scheme for presenting the variables in the document is outlined
below:

16



The variables, as previously noted, are organized by major
category and sub-cateqgory. Each sub-category is defined to
familiarize the document user with the topic materfal. A
complete 1isting of all variables is presented at the beginning
of each sub-category section.

The variable name is introduced on a separate line at the top of
the page.

Next, a comprehensive definition of the variable is provided.

A1) guidelines relevant to the variable (including identification
of the original source documents) are presented. Where
appropriate, supplementary information is presented in a set of
notes at the end of the guideline listing.

The level of research support is presented with each guideline
according to the following key: Y = Evidence of formal
experimentation is presented in the literature to validate the
rationale for establishment of the criteria; L = Only cursory
informal experimentation or observations were conducted and more
research is needed, evidence of formal experimentation is
extremely scarce; N = No known research is available.

A Commert section follows the guidelines. The purpose of the
comment section is to discuss the rationale, limitations,
specific applications, and caveats for the guidelines. The

comments section provides guidance in drawing overall conclusions
from the guidelines.

Each varfable concludes with a Method for Assessment section.
Techniques for determining whether or not the variables are in
compliance with the established guidelines are included in this
section. A large portion of the variables are assessed for
compliance by simple inspection. Other conditions require
special equipment or access to the equipment procurement
specification in order to determine compliance.

17






VIDEO DISPLAYS
Legibility and Visual Acuity
This subcategory emphasises guidelines pertaining to many of the

various hardware aspects of VOUs. The following variables most directly

affect display legibility, readibility, and discrimination

Page
0 Flicker 20
0 Contrast ratio 22
0 Display luminance 24
0 Phospor 26
] Glare 27
) Screen resolution 29
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Flicker ‘

Definition. Flicker is the perception of rapid fluctuations in
luminance level or position. It is characterized by an impression of
uneven changes or jerky movements. As soon as a character is projected
onto the CRT screen, it begins to fade at a rate depending on the
persistence of the screen phosphor. To maintain visibility of the
character on the screen, the signal must be continually regenerated or
"refreshed." If the signal is not refreshed often enough the display will
appear to blink or "flicker." If the regeneration frequency is adequate,
the user will perceive the image as being steady, or fused, (critical
fusion frequency). This is due, in part, to the psychophysiological
phenomenon of persistence of vision.

Factors affecting the severity of flicker are intensity, visual angle,
color, age of user, ambient illumination, and phosphor characteristics.

Research
Guidelines. Support Source ‘
1. The regeneration rate for a particular CRT Y 6

display should be above the critical
frequency of fusion so that the occurrence
of disturbing flicker is ~ut perceptible.
(See Note 1.)

NOTE 1: In order to produce a "flicker-free display ideal regeneration
rates to 50-60 Hz have been recommended with 60 Hz as the preferred
14,21,22 Displays made with a refresh rate of under 20 Hz are
usually very annoying to the viewer, and they are not flicker-free under
about 50 Hz.%?

frequency.
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Comment. It can be inferred from Note 1 that a minimum refresh rate of
60 HZ is the most acceptable criterion. However, the objective of these
recommendations is to provide a flicker-free display. It would be more
appropriate to state a functional requirement, namely (as in Reference 6),
that the display should not appear to flicker under certain specified settings
and ambient 1ight conditions,

Extensive research has demonstrated degraded legibility of alphanumeric
characters and graphic displays under flicker conditions. There are also
negative physiological results from flicker that range from eye strain and
headaches to induced epileptic sefzures.

Method for Assessment. Visual observation of VDU display at the maximum

and minimum possible Tuminance levels and contrast ratios.
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Contrast Ratio

Definition. Contrast is the difference of luminance, or reflectance,
between a figure and its background. The ratio between those two luminances
or reflectances is called the contrast ratio. In the case of alphanumeric
characters or graphic displays, the characters or lines are consigered the
figure. The background may be either dark or light, depending on whether
positive or negative image polarity is used (see also image reversal coding in
this report). The contrast ratio is usually reported with the larger number
first, whether that number is the luminance of the figure or the background.
Note that the contrast ratio numbers must be formed using common luminance
units.

Even though the screen is self-luminescent, the contrast ratio of a CRT
display screen is affected by ambient 1ighting conditions (darkened room or a
brightly 1it room). That is, ambient 'ighting will affect both the
adaptation levels of the user's eyes and the reflected light from even
nonglare screens.

Research
Guidelines. Support ___Source
1. 3:1 minimum; 5:1 to 10:1 preferred; Y 16, 22, 24
15:1 maximum. (See Note 1.) 25, 26, 27
2. Background levels 15 to 20 cd/nz. Y 22, 24

(See Note 2.)

NOTE 1: Reference 25 states a preferred range of 6:1 to 10:1.

Reference 26 recommends a 4:1 minimum in an ambient lighting environment of
75 to 100 fc. Reference 22 recommends 8:1 to 10:1 as the optimum.
Reference 16 recommends a 10:1 minimum when using white characters on a
block background and a 5:1 minimum when using black figures on a white
background. Reference 27 gives a guideline of a modulation contrast (not a
ratio) of above 0.9.

NOTE 2: Reference 24 recommends a background of at least 20 cd/uz.
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Comment. The VDU displays will be used in a broad range of lighting
environments. Thus, to suit the ambient environment and user preferences, it
seems most reasonable that the luminance levels and contrast ratios of the
displays should be adjustable over the entire range listed in Guideline 1. We
should note here that the actual luminance level at the retina of the eye is
affected by physiological variables and by environmental characteristics such
as the use of glasses, contact lenses, anti-glare filters, etc. The measured
contrast ratfo should be evaluated with anti-glare filters, etc. in place.
Contrast ratios must be adjusted for the use of color displays because of
differential sensitivity of the eye to various colors.

Method for Assessment. Luminance and reflectance levels should be read
with a spot photometer. The light level should first be read with the display
turned off to obtain the ambient lighting level. This ambient level should be
subtracted from all subsequent levels before calculating contrast ratios. The
display should then be turned on and a measurement taken for the ground
Tuminance. The display should then be changed to the opposite polarity and
another measurement taken. The obtained values should have the ambient
subtracted from them and then the ratio should be formed. In the case of
continuously adjustable displays, calculation of the available range of
adjustment can be made from the electrical characteristics of the VOU display
unit.
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Display Luminance

Definition. The total light from a display. This light output may
be either emitted light or reflected 1ight. In the case of CRT displays,
the 1ight is emitted. The optimum luminance for CRT displays is partially
determined by contrast ratios, ambient light levels, and operator
variables. The display luminance can be calculated on the basis of the
brightest portion of the display or on the basis of the integrated
luminance over the entire area of the display.

Research
Guidelines. Sioport  _ Source
1. 45 cd/m® minimum, with 80 to Y 22, 26, 28
160 cd/m2 preferred. (See Note 1.)
2. 10 cd/n2 minimum average level. Y 27
2

NOTE 1: Reference 26 recommends a minimum of 85 cd/m".

Comments. Guideline 1 refers to the integrated level over the whole
display screen when filled with text. The luminance level that will
provide good acuity partially depends on the leve! of other work that must
be referred to during the task (such as manuscripts, etc.). Too great a
mismatch between the display screen and documents causes the operator to
have to shift both focus and adaptation level--although this effect is not
so great as had been previously thought.29 Other factors in the
surroundings and in the operator (fatigue, acufty, time of day, etc) also
affect the optimum luminance level. The simple solution is probably to
provide the operator with a means of adjusting the luminance level of the
display. The range of adjustment should encompass the high and low values
stated in Guideline 1.
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Method for Assessment. A spot photometer of appropriate angie can be
used to obtain the integrated luminance of the screen with typical material
upon it. A spot photometer can be used to obtain the luminance level of a
bright, blank screen. If an adjustable display is used, measurements
should be made at each end of the range of adjustment to ensure that the
entire range is covered. However, with an adjustable luminance level,
simply calculating the range from the published manufacturer specifications
should be satisfactory.
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Phosgror

Definition. The phosphor specification is applicable only to
monchome VDU displays. The phosphor determines the basic color of the
display and its persistence.

Research
Guidelines. Suppcrt Source
1. A green phosphor should be used. Y 22
(See Note 1.)
2. A medium persistence phosphor should be used. 30

(See Note 2.)

NOTE 1: A green phosper is recommended since the human eye is most
sensitive to Tight in this visible spectrum. However, there is no
empirical evidence to indicate that alternative colors (orange, white,

yellow) would be a hinderance to operator performance.zz

NOTE 2: The major difference among phospors is persistence; that is, how
long the image persists on the screen before fading away. High persistence
phosphors tend to produce trails or after-images behind moving elements,
but Tow persistence phosphors are more likely to cause flicker. Most
general-purpose CRTs use medium persistence phosphors such as P1, P4, or
P39. The particular phosphor chosen will also determine the expected

phosphor life.l‘z

Comment. Color choice is secondary to the factors of display clarity
and contrast to ensure text legibility. Therefore, color s more a matter
of personneil preference. In order to avoid bDiuring or smearing of images,
medium persistence phospher is recommended.

Method for Assessment. Visual observation.
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Glare

Definition. Glare is the presence of areas of high luminance
reflectance on the di.splay.

Research
Guidelines. Support ___Source
1. The screen should be positioned so that Y 30
sources of light and/or bright objects do
not reflect into the expected viewing
position. (See Note 1.)
2. The surface of the VDU screen should be Y 30

modified to reduce specular glare.
(See Note 2.)

NOTE 1: Specular glare sources may also be transient. A person wearing a
white shirt and standing behind the VDU user will often create glare on the
screen.

NOTE 2: Film coatings, roughened surfaces, and mesh filters appear to
accomplish this job equally well. In each case the surface treatment may
degrade the quality of the displayed elements but, for the occasional user,
the reduction in glare far outweighs the slight fuzziness of the display.

Comment. Ideally, there should be no glare. Glare reduces contrast
ratios and adversely affects purpil aperture size and focus. Caution
should be used in selection of gauge glare-filter screens, however, because
some of these screens reduce luminance and contrast ratios balow the
acceptable minimums,

Hoods are sometimes attached to the display to reduce glare; however
this is not recommended.30 Hocds are cumbersome and tend to restrict the
viewing angle of the screen, whereas the screen treatments are inexpensive

and can be added to any existing equipment.
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‘ Screen Resolution

Definition. Screen resolution determines the fineness of detail that
can be displayed.

Research
Guidelines. Support __Source
1. Regardless of whether the display is raster L 31

scanned or directly addressed, it should
maintain the illusion of a continuous image;
the viewer should not have to resolve scan
lines or matrix spots.

Comment. Screen resolution is totally dependent on what displays are
desired. That is, screen resolution should be sufficient for the level of
detail required for the task at hand. Commercially available television
monitors are sufficient for the purpose of reading text and coarse drawings.

Method of Assessment. Visual observation.
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Screen Structures and Content

This sub-category includes all elements that comprise a screen. That fis,
the various components or building blocks that are used to design a screen
will be presented in this section. For example, a typical data file might
contain labels, messages, and specific columns of numbers. A message or error
statement might also be included. Any screen can be partitioned into its
component "primitives." Specific applications for organizing, grouping, and
layout of the screen will be discussed in a later section (Screen Organization
and Layout). Even though there is no clear distinction, special coding and
highlighting techniques have also been reserved for a later section.

In this subsection, the following variables are examined:

Page
] Cursor 32
0 Text 34
0 Labels 38
] Messages 45
) Abbreviations 48
0 Error statements 53
0 Nontextual messages 61
0 Data display 65
0 Data entry 90
] Instructions 114
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Cursor

Definition. A cursor is a dot, block, or special marker. The cursor
can be used to indicate the position on the screen where the operator's
attention should be focused. It also serves as the carriage position on a
typewriter. Continuing with the typewriter analogy, the cursor indicates the
position in the display where the next character will appear. There are
several general guidelines related to cursor desfgn and its characteristics.

Cakir et 31.22 have identified three categories for cursor

classification:

"Depending upon their effect on the symbols they mark, cursors
can be divided into three categories, i.e., superimposing,
replacing or enhancing cursors. Superimposing cursors do not
alter the appearance of the symbol, e.g. a box drawn around the
symbol. A replacing cursor is one that actually replaces the
marked symbol by a special graphic symbol, e.g., a cross, thus
obliterating the original symbol. To overcome the problem of
obliteration, the cursor symbol can be alternated with the
marked character. An enhancing cursor is one that applies some
form of graphic attribute to the marked character, e.g., by

intensifying its brightness or by displaying the character in a
reverse video block."

Research
Guidelines. Support Source
1. The cursor) should be easily seen but should Y 2], 22
not obscure the reading of the character or
symbol it marks.
2. The cursor should be easy to find at any Y 21, 22

location on the VDU screen and be easy to
move from one position to another.
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Research

Support ___Source
3. The cursor should be easily tracked as it is Y 21, 22
moved from one position to another.
4. The cursor should blink at about 3 Hz if it 21
is used to attract the operator's attention
on a monituring task.32
5. The cursor should not be so distracting as Y 21, 22
to impair the searching of the display for
information unrelated to the cursor.
(See Note 1.)
6. The cursor should not be represented by a Y 22

graphic technique or symbol that is used
for some other purpose in the display.

NOTE 1: An override to suppress the cursor is a desirable feature.zl

Comment. In conjunction with the guidelines 1isted above, Cakir
et ‘].22 generally believe the cursor (for most applications) should be
fn the form of a box or block with a 3 Hz blink rate to be preferred. The
underscore cursor is not recommended if underscoring is used to serve
another function on the display.

Method for Assessment. Visually inspect and operate the display to
verify compliance with the above guidelines.
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Text

Definition. This rather broad variable includes the multitude of
factors which effect the legibility and comprehension of textual
information. From the perspective of screen design, perhaps the two most
relevant factors are those associated with textual format and content. In
short, "textual format" describes essentially "how" the text should best be
presented, and "textual content" entails "what" should be displayed. Basic
structural features are also primary characteristics %o be addressed. In
this section, the emphasis of text characteristics is limited to prose.
Other variables, such as message and labels, will be discussed separately.

Research

Guidelines. Support ___Source

1. Trke textua) content should be concrete L 33
rather than abstract. (See Note 1.)

2. The textual content should lie within L 33
the scope of the user's existing
knowledge. (See Note 2.)

3. The textual content should be logically L 33
and systematically structured. (See Note 3.)

4. Consistent format should be maintained from Y 34
one display to another.

5. Prose should be displayed conventionally, in Y 34
mixed upper and lower case. (See Note 4.)

6. Displayed text should be left justified to X 34

maintain constant spacing between words,
leaving right margins ragged if that is the
result.
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Support  __ Source

7. In textual material, words should be | 34
displayed intact wherever possible, with
minimal breaking by hyphenation between
lines.

8. Displayed paragraphs should be separated by Y 34
at least one blank line.

9. In textual display, every sentence should end Y 34
with a period.

10. In textual display, the main topic of each Y 34
sentence should be placed near the beginning
of the sentence.

11. In textual display, short, simple, concise Y 34
sentences should be used.

12. When speed of display output for textual Y 34

material is slower than the user's normal
reading speed, an extra effort should be made
to word the text concisely.

NOTE 1: Research indicates that concrete content is easier to comprehend
than abstract content. It is quite possible that the difference between
concrete and abstract content is related to the reader's prior

knowledge.33

NOTE 2: A text which can be easily placed within a given frame of
reference is also easily comprehended. Concrete content may be found more
frequently in reader's prior knowledge than abstract content. Texts giving
details are easfer to understand when the details can be referred to in an
fntegrated whole which already exists. Texts giving overviews are easier

to understand when the particulars are already known.33
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NOTE 3: A well-structured text is easier to comprehend than an
i11-structured text. For example, systematic groupings produce better
recall than random arrangements of information. Segmentation of the
material may help reading comprehension if the segments correspond to
meaningful units. The introduction of a topic and sequencing of a text is
also important for comprehension. Adequate headings make texts easier to
understand. When the sequencing of a text corresponds to some familiar
scheme, such as those which can be found in narratives or research reports,
reading is also facilitated. Introductory passages which familiarize the
reader with the general idea of the text facilitate reading and
comprehension, particularly where meaningful learning is concerned.
Careful consideration of form and sequencing will be more important the

less prior knowledge one expects the reader to have of the subject.33

NOTE 4: Upper case should be used when lower case letters will have
decreased legibility, which is true on display terminals that cannot show

descenders for lower case 1etters.34

Comment. The reading of textual information is a primary task
requirement in several applications (e.g. word processing, instructions,
procedures, etc.). The interplay of such diverse factors as character
size, contrast, image stability, and character spacing impact the overall
legibility of textual information. In many cases, the interplay of those
factors make it extremely difficult to develop guidelines for optimizing
text legibility and comprehension. Preliminary research indicates that
there is no comprehension difference between text presented on a CRT screen

when compared with printed pages.35

Other research has been devoted to the development of "readability
formulas," or mathematical equations consisting of various properties
considered in text legibility (e.g., word length, sentence structure). The
utility of those formulas as a valid method is still a matter of much
debate.

In conclusion, with the exception of text structure, specific
guidelines are not presently available for textual form and content. Such
guidelines as do exist are entirely too general to be of much use to the
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evaluator. In addition to the high interplay of various factors, the
unique task-dependent nature of textual comprehension on a VDU screen may
also hinder the development of suitable guidelines.

Method for Assessment. Verification of the text structure can be

accomplished by visual inspection. The other characteristics (form and
content) are less tangible. At the present time, no proven practical
methods are known other than informal operator interview regarding the

textual content and form.
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Labels

Definition. Labeling is the unambiguous designation of structures
and functions presented on VDU displays. It also refers to the act of
placing a descriptive title, phrase, or word adjacent to a group of related
objects or 1nformat10n.36 The Eastman Kodak edition of "Ergonomic Design
for People at Hork"z1 defines labels (and signs as well) as "short
messages used to transfer information about policies or equipment use
between people." That document also fdentifies three considerations in
label design: (a) comprehensibility--a measure of how reliably the
receiver interprets the information, (b) legibility--the user's ability to
discriminate among or recognize letters or numbers, and
(c) readability--the ease of reading words or labels assuming that the
requirements for specific legibility are satisfied.

There is considerable overlap in the guidelines between labels and
asscciated variables such as "text" and "messages". Therefore, the reader
is referred to these relevant variables for additional information as
needed. In general, perhaps the most relevant factor for making a
distinction between "text", "messages", and "labels" can be derived by
applying the following rule of thumb based on word length. Text can be
defined as any prose of three lines or longer. Labels are usually confined
to less than one line. A message is any string of words falling between
the criteria for text and label.

In addition, the font or style chosen for the alphanumerics also
interplay with labeling guidelines. That is especfally noticable in the
factor for legibility cited above. The reader is also referred to that
variable for further detail.

It should also be noted that the guidelines for labels were selected
according to their applicability to presentation on VOU screens.
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Guidelines.

Labels should be provided whenever it is
recessary for personnel to identify,
ifnterpret, follow procedures, or avoid
hazards. (See Note 1.)

Labels should convey the basic information
needed for proper identification,
utilization, actuation, or manipulation

of the item.

Labels should be consistent with such factors
as:

a. Accuracy of identification required

b. Time available for recognition or other
responses

¢. Distance at which the labels must be read

d. Illuminance level and color

e. Criticality of the function labeled

-

Vibration/motion environment of the user,

Labels should be horizontal and read from
right to left. (See Note 2.)

Labels should be placed on or very near the
ftems which they identify.

Labels should be located so as not to obscure
any other information needed by the user,
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10.

11.

12.

13.

14,

15.

Labels should be located in a consistent
manner throughout the equipment and
system.

Labels should normally be placed above
the controls and displays they describe.
(See Note 3.)

Labels should be used to identify
functionally grouped controls and
displays. (See Note 4.)

For single data fields, the label should be
placed to the left of the data field.

For repeating data fields, the label should
be placed above the data fields.

Tase or control operation should be given
priority over visibility of control
position labels.

Labels should primarily describe the
functions of items. (See Note 5.)

Each control and display should be labeled
according to function.

When controls and displays must be used
together (in certain adjustment tasks),
appropriate labels should indicate their
functional relationship. The selection
and use of terminology should be
consistent.
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16.

17.

18.

19.

20.

21.

22.

23.

Research
Support

Control labeling should indicate the Y
functional result of control movement
(e.g., increase, ON, OFF).

Labels should be as concise as possible Y
without distorting the intended

meaning of information and should be

unambiguous. (See Note 6.)

Control and display labels should convey Y
verbal meaning 1n the most direct marner,

by using simple words and phrases.

Abbreviations may be used when they are

familiar to operators (e.g., psi, km).

Words should be chosen on the basis of Y
operator familiarity whenever possible,

provided the words express exactly what is

fntended. (See Note 7.)

Similar names for different controls and Y
displays should be avoided.

Instruments should be labeled in terms of Y
what is being measured or controlled,
taking into account the user and purpose.

The units of measurement (e.g., volts, psi, Y
meters) should be labeled on the panel.

Labels should be printed in all capitals; Y

periods should not be used after
abbreviations,

4]
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24.

25.

26.

27.

28.

29.

30.

NOTE 1:

To reduce confusion and operator search
time, labels should be graduated in size.
(See Note 8.)

Do not form "unique" words or messages
from restricted alpnabetic sets.
(See Note 9.)

Label names should be easily discriminated
from surrounding labeled fields or messages.

Each select mode 1ist should have a heading
or title that reflects the "question" for
which an answer is sought.

Labels for data fields should be
distinctively worded so that they will not
be readily confused with data entries,
labeled control options, guidance
messages, or other displayed material.

Where entry fields are distributed across
a display, a consistent format should be
adopted for relating labels to entry areas.

Where a dimensional unit (gpm, cm, deg, etc.)

fs consistently associated with a particular
data field, it should be part of the fixed
label rather than have 1t entered by the
user,

Research
Support

___Source

16

36

36

36

14

14

14

References 6 and 16 provide an exception to Guideline 1 in Cases

when it 1s obvious to the user what an item is and what he or she is to do
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with it. However, Reference 14 recommends that all items be labeled and
cautions against assuming that the user will be able to identify individual
items because of past experience.

NOTE 2: Labels and information thereon should be orfented horizontally so
that they may be read quickly and easily from left to right. Vertical
orientation may be used only when labels are not critical for personnel
safety or performance and where space is limited. When used, vertical
labels should read from top to bottom.16

NOTE 3: When the panel is above eye level, labels may be located below if
label visibility will be enhanced thereby.16

NOTE 4: The labels should be located above the functional groups they
fdentify. When a line is used to enclose a functional group and define its
boundar es, the label should be centered at the top of the group efther in
a break in the line or just below the line. When colored pads are used,
the label should be centered at the top within the pad aroa.ls

NOTE 5: Engineering characteristics or nomenclature may be described as a
secondary consideration.16

NOTE 6: Redundancy should be minimized. Where the general function is
obvious, only the specific function should be identified (e.g., frequency
as opposed to frequency factor).16

NOTE 7: Brevity should not be stressed 1f the results will be unfamiliar
to operating personnel. For particular users (e.g., maintenance
technicfans), common technical terms may be used even though they may be
unfamfliar to nonusers. Abstract symbols (e.g., squares and Greek letters)
should be used only when they have an accepted meaning to all intended
readers. Common, meaningful symbols (e.g., % and +) may be used as

necessary. 16
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NOTE 8: The characters in group labels should be larger than those used to

identify individual controls and displays. The characters identifying
cortrols and displays should be larger than the characters identifying
control positions. With the smallest characters determined by viewing
conditions, the dimensions of each character should be at least

approximately 25 percent larger than those of the next smaller 1abol.15

NOTE 9: Except for mathematical notation, labels should be formed from

standard alphabetic characters.36

Comment. The majority of these guidelines are extracted from the
standards established in MIL-STD-1472¢'® and NUREG-0700.% Their
origins are founded in hardware labels as opposed to VOU labels. However,
they should stil] be applicable to VOUs. The guidelines from
References 14, 36, and 37 are more solidly founded in specific VDU
applications. In spite of some overlap, they comprise a relatively
comprehensive set of guidelines for labeling.

Method for Assessment. Visually examine the screens. Verify each
guideline for compliance.

LT




Messages

Definition. A VDU system communicates with users through messages.
A message may be a prompt, a diagnostic message generated by an error
condition, or an information or status message. By applying the rule of
thumb discriminating between the variabies “text " "labels,® and
"messages," any word string greater than one line but less than three can
be classified as a message Thus, a message is more detailed than a label
and tends to provide description or direction. In comparison, a label is a
simple identifier of some object or entity. Message “"length" and "load"
are two concepts frequently addressed when me<sage comprehension issues are
examined. Huchingsonl7 defines "length" as "t"e number of words, or
characters, that are displayed at once on one or more lines of a sign or
sequence." "Load" is described as "the number of units of information
displayed (within a message)." Units are the basic elements or building
blocks which make up the information given. Each unit provides an answer
to a question (e.g., what, where, who). Manfpulation of those factors
drive the message design. The reader is referred to the variables, "text"
and "labels" and the subcategory "Alphanumeric Characters" for additional
information relevant to messages.

Research
Guidelfnes. Support ~ __ Source
1. The computer should be capable of providing N 14
two levels of detail. (See Note 1.)
2. Messages should be strictly factual and N 36, 37
informative. (See Note 2.)
3. Message dialogue should not be hostile to N 14
the user,
4. Messages should be constructed using short, L 37

meaningful, and common words.
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5. The message should consider the prior L 38
knowledge of tne user and the user's
context.

6. Sentences should be kept as simple in L 17

structure as possible.

7. Messages cthould require no transformations, L 36
computing, or interpolation. (See Note 3.)

8. Messages should be stated in the affirmative Y 14
and preferably in the active voice.

9. Items to be remembered by the user should Y 19
be placed at the beginning of the message.

10. Items to be recalled by the user should be Y 39
placed at the end of the message.

11. Items of lesser importance should be placed Y 16
in the middle of the message.

NOTE 1: The "rule of two" suggests that the computer have the capability
of providing two levels of detail: Level l--directed to inexperienced user
containing detafled messages. Level 2--directed to experienced users

containing abbreviated messages.l‘

NOTE 2: Guideline 2 is intended to prevent making the computer appear
human (1.e., to avoid emotional implication).

NOTE 3: Searching through reference material to translate a message is
unacceptable.
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Comment. The key point for these guidelines revolves around the
question of comprehension. In other words, is the message under evaluation
immedfately understood by the user? Does the user understand what the
message designer meant? A clarification of those basic questions with the
potential users should ensure the overall usefulness of the message set

being scrutinized.

Method for Assessment. Examine a representative sample of the
messages presented on the VOU screen. Verify the messages comply with the
above gufdelines. Interview one or more users to ensure that the messages
are truly understood and comprehended according to their intent.

47



Abbreviations

Definition. Abbreviating is simply the process of reducing words or
phrases into a shortened form while retaining the meaning of the whole.
This shortened form is a highly effective method for presenting a concept
where space is limited and/or speed of recognition is essential.

The challenge to designing effective abbreviations resides in the ability
to shorten words/phrases while still retaining their intended meaning to

the users,
Research
Guidelfnes. Support. __Source
1. Only standard and commonly accepted Y 6, 16
abbreviations should be used.
2. Abbreviations should be short, meaningful, L 34, 40
and distinct. (See Note 1.)
3. The system should permit abbreviations of L 40
fnputted commands. (See Note 2.)
4. Whenever possible, experienced users should Y 14
be provided with a set of abbreviations for
frequency used commands.
§. In text and labels, complete words should Y 34
be used in preference to abbreviations.
(See Note 3.)
6. Abbreviations should be consistent in form. Y 34
7. If an abbreviation deviates from the Y 34

consistent form, it should be specially
marked whenever 1t is displayed.
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8. A dictionary of abbreviations should be Y 34
available for on-line user reference.
9. Abbreviations and acronyms should not include Y 34

punctuation. (See Note 4.)

NOTE 1: Resist the temptation to use abbreviations the user is not likely
to understand or remember just to make room for more data on the
display.‘o

NOTE 2: The system should recognize a command from the first 1, 2, or 3
letters (as necessary to make it distinct from other commands). Novice
users can type in the entire command, while experienced users can
abbreviate or truncate ft. The system should accept efther form of the
command.‘o

NOTE 3: Abbreviations may be displayed if they are significantly shorter,
save needed space, and will be understood by the prospective users. Also,
when abbreviations are required (or useful) for data entry, then
corresponding use of those abbreviations in data display may help a user
learn them for data ontry.34

NOTE 4: For example, the acronym for cathode ray tube should be "CRT" and
not "C.R.T."

Comment. Research points out that rule-based abbreviations are more
easily comprehended when compared with nonrule~based. Baileyl‘ has
developed a general set of rules for abbreviating single words and word
groups and a more specific set of rules for abbreviating commands. As an
ald to the user of this document, thosa sets of rules are summarized

below. Note that the method of creating abbreviations differs between the
two sets of rules.
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Bailey recommends the following for abbreviating words and word groups

in general,

0 wWhen abbreviating a single word:

- Determine the number of characters required in the
abbreviated term.

- Remove suffixes such as -ed, -es, =-er, and -ing from the
word to be abbreviated. (Make sure they are suffixes, as in
"waxing," and not an integral part of the word, as in
"spring.")

- Choose the first letter and last consonant of the word to be
abbreviatea as the first and last letter of the
abbreviation., For example, Boulevard would be B~~D.

- F111 the remaining spaces with the consonants in the order
in whicn they appear in the word. Avoid the use of double

consonants in the abbreviation. For example, a
five~character code for boulevard would be BLVRD, a
four~character code would be BLVD, and a three-character
code would be BLD.

- If there are insufficient consonants, use the first vowel in
the order in which it appears in the word. For example, a
six=character code for boulevard would be BOLVRD.

0 when abbreviating two=-word groups:

- Determine the number of characters required in the
abbreviated term,

- Take half of the characters from the first word and the
other half from the second word, using the above
abbreviation methodology for single words. If an odd number
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. of total characters is needed, take the "odd" character from
the longer word. For example, a seven-character code for
PROGRAM TEST would be PRGM TST,

0 When abbreviating groups of three or more words:

- Form an acronym by u.ing the first letter of each word. For
example, Central Processing Unit would be CPU, and as soon
as possible would be ASAP.

- If additional letters are required to improve readability,
they should be taken from the last word in the manner
described for single word abbreviation., For example,
PROGRAM [(UN TEST would be PR TST.

Batley recommends *he following for abbreviating commands:

‘ 0 For terms consisting of more than one word, create an acronym by
taking the first letter of each word.

0 When abbreviating monosyllabic words:

- Take the inftial letter of the word and all subsequent
consonants.,

- Make double letters single,

- If more than four letters remain, retain the fifth letter 1f
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