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Introduction

This report summarizes the ideas and recommendations on the use of color on
computer VDUs (visual display units) arising from three year’s experience of
working on color displays in the 1BM Hursley Human Factors Laboratory. As well
as examples of the ways that color might be used in a variety of applications, the
theoretical and practical considerations leading to the choice of particular methods
of employing color are described. Those technology characteristics of color CRTs
(cathode ray tubes) that affect color choices are included. although most of the
factors discussed apply to multicolor devices in general.

It is emphasized that the majority of our work has not been concerned with appli-
cation trials or the testing of various methods of employing colors in running
applications. Very little experience has been gained in the field. It is therefore
likely that many new ways of applying color have yet to be invented. and that some
of those suggested here will be modified in the light of experience.

The reader is assumed to be familiar with vDUs, with the basic concepts of color
and color vision, and with common alphanumeric applications. The reference list
at the end of the report includes publications that describe these topics, for the
reader who needs further explanation.

One simple way of using color 1s to augment the way that conventional formats aid
the operator in understanding the logical structure of the data on the screen. For
instance, it is common to show the structure of the data by separating headings
spatially, by using upper- and lowercase, and by grouping similar or related items.
Color can be added directly to strengthen these formatting techniques: headings in
a different color; logically related data in one color and logically unrelated data in
different colors. Where the color merely reinforces existing formatting techniques,
it is in effect redundant, and the same formats can obviously be used on mono-
chrome displays and by the color-blind. However, the color will also be able to
show relationships and differences independently of other formatting techniques:
for example, using the same color for fields that are related but spatially separated.
This use of color is described more fully in the section “Color as a Formatting
Aid”.

The other major use of color is as a code, showing the operator which categories
the data being displayed falls into. If the categories are chosen carefully to be
relevant to the operator’s task and the color codes are clear, then the operator
should be able to do the task more quickly or more easily. This is because at a
given step in the task the operator can identify the relevant category on the screen
quickly and can then concentrate on that category, excluding the data in other
colors from his attention. In other words, the operator can select the relevant fields
from the others without first having to read the contents of the field. More details
of this use of color are described under the heading “Color as a Visual Code”.

The application designer therefore has two types of decision to make: what catego-
ries the data should be divided into, and which color to use for which category.
The first clearly depends wholly on the application and will vary markedly,
particularly between applications designed from scratch with color coding and
those where color is added later. The section “Choosing the Categories to Be
Colored” discusses some of the general considerations affecting these decisions and
gives more specific examples.




The section “Choosing the Colors to Be Colored” describes the areas to consider
when assigning colors to categories of data, including the expectancies of the
operator, the number of colors to be used, and the characteristics of the display
device that affect this choice. Appendix 1 outlines some of these characteristics for
the 1BM 3279 Color Display Station.

Color blindness, its effect on users of multicolor displays, and some suggestions on
improving color discrimination by the color-blind operator are given in

Appendix 2.

Appendix 3 gives examples of some of the points raised in the text: both good and =
bad use of color. ’
The summary includes a list of the more general recommendations given through- .
out. -




' Color as a Formatting Aid

Using color for emphasis and to show relationships as described below is in effect
using it as a formatting aid. It can also be used very simply to enhance achromatic
formatting without changing any other aspect of the picture. Though limited, this
use of color will appeal to those running existing monochrome programs on VDUs
who want to make as few program changes as possible. Using the 3279 base color
approach, some applications will achieve a sensible color scheme with no program
changes at all, but many will need some alterations to the attribute bits which
determine color.

A common division will be between headings (or field names) and the data under
them. This simple use of color can help the operator on screens where the format-
ting is poor or confusing, but is unlikely to produce significant performance
improvements. Wide blocks of data can be broken up into groups three rows deep
with alternate colors in the same way that printout paper has green and white
stripes. This helps when following long horizontal lines of data and guides the eye
when jumping from the end of one line to the start of the next. Finally, if the
formatting breaks up the data into columns, blocks, or other groupings it can be
enhanced by coloring the groups differently.

Emphasis or Attention-Getting

Relating Fields

In its simplest form, this use of color replaces “bright-up™ as a means of emphasiz-
ing fields or characters on the screen. It is, however, much more flexible because of
the number of colors available and their ability to combine with achromatic
highlighting. Any field can be emphasized simply by making it a different color
from the fields around it. This will obviously be most effective when the screen is
relatively uniform in color - one red field in a screen full of green will stand out
more than a red field in a screen of other red fields and several other colors. Thus
emphasis of one field is increased by de-emphasis of the others.

Some colors will draw attention more readily than others, for psychological and
physical reasons. The psychological reasons include the subjective associations of
the color (for example. red for danger) and the operator’s set (that is. whether the
operator is looking, or disposed to look, for that particular color). The main
physical (or physiological) reason is contrast. The brightnesses of 3279 colors
increase in the following order: red. blue, green, pink, yellow, turquoise, and white,
and most color CRTs would be similar. Blue is generally felt not to stand out
strongly against the dark background of the screen. Therefore blue may be used to
de-emphasize fields, and bright colors such as white to emphasize fields against
duller colors.

Where two or more spatially separated fields are logically related, this can easily be
communicated to the operator by displaying them in the same color. This is
particularly useful where a change in one field during the task has an effect on
another field that would not have been obvious to the operator.

Where the similarly colored related fields are not spatially separated, the effect is to
form a block of fields that are clearly related to each other and separated from the
rest of the data on the screen. For example, a motor insurance inquiry application
displays a summary of a customer’s policy conditions. This includes drivers
covered, details of the vehicles insured, restrictions and conditions, premium



Clarity of Graphics

calculation, and administrative details. Each of these groups of data could be in a
given color, enhancing the identity of the group. If the operator were to make a
change to the drivers covered, the changed field could be emphasized in another
color, and fields in other groups would also be emphasized in that color to show
that they had been affected by the change (for example, the premium and restric-
tions might change). Thus all the fields undergoing change would be related by
color and drawn to the operator’s attention.

Similarities can be communicated by using similar colors. For example, if red is
used for severe problems pink could be used for less severe or secondary problems.
With a restricted set of seven colors, it may be necessary to point out the similarity
of the colors used, at the same time as the similar status is being explained to the
operator in training., However, with a greater variability of color available
(through graphic toning techniques, for example) the similarities will be obvious
and will even allow continuous scales to be represented by fine gradations of color.

Graphic uses of color are briefly described in a later section, but color can add
clarity to even the simple graphics available on alphanumeric machines. For
example, color can be used to differentiate two closely plotted lines. Thus curves
on a graph can be followed more easily, and lines can be superimposed in simple
illustrations without confusion.

Achromatic Highlighting and Formatting

A number of achromatic techniques can be used for emphasis, alone, or in combi-
nation with color. They will be particularly useful where emphasis is to be im-
posed on a color-coded application where the use of color is restricted to specific
meanings. Blinking, reverse video, and underscore can be very effective as
attention-getters if used in moderation. Like colors, if they are overused they are
not effective because they become distracting.

Blinking is so effective that its use should be strictly limited to occasions when the
operator must respond quickly or be able to detect the signal when some distance
from the screen. It is also advisable to stop the blinking once the operator has
responded, so that his attention is not distracted from the information being
displayed. Note that these techniques reduce legibility and increase susceptibility
to flicker. Underscore, for example, masks the lower profile of words and a single
horizontal line is prone to flicker on interlaced displays.

Using space and position on the screen, special characters, and simple graphics can
also be used for emphasis and attention-getting, and can be effectively combined
with color. These techniques transfer successfully to printing but should be used
conservatively: a page scattered with blocks of asterisks can be just as annoying to
read as one full of blinking reverse video blobs.




’ Color as a Visual Code

Performance Studies

Relevance

In this document, the term *“‘color coding™ implies that the color of a field conveys
information about the field to the operator: that is. the color has a definite mean-
ing. The approach described in the previous section uses noncoding color to
improve the clarity or format of a picture without regard to the data’s meaning: this
section discusses the use of color as a code that has meaning to the operator.

Many studies on the effect of color coding on subjects’ performance have been
carried out, and are comprehensively reviewed in Christ (1975). The majority of
the studies used very simple tasks (search and identification tasks in particular)
that were designed to provide sensitive measures of the effect of color coding and
that are not intended to be representative of VDU operators’ jobs. Also. the display
medium used was rarely the CRT. Therefore the findings of these experiments are
not suitable for estimating of *‘productivity gains” due to color. They do however
provide some guidance to ways of employing color in displays and form the basis
for many of the recommendations here.

Probably the most crucial aspect of the way color is used is its relevance to the
application. This may seem an obvious point. but there are many examples of use
of irrelevant color . The effectiveness of visual coding is due to its ability to attract
the operator’s attention to a particular class of data on the screen. and to enable the
operator to attend selectively to that data. This means that the operator does not
have to scan the contents of the other fields first in order to find the right one.
Color is particularly good for this purpose because it is quickly and reliably
recognizable: other codes (for example, shapes) may require more mental process-
ing and therefore be slower.

Relevance is achieved when the color code enables the operator to attend selective-
ly to the field containing the data that the operator needs. For example, in a
scheduling application the urgent jobs could be shown in pink. allowing them to be
easily found among the other items in green. This would allow all the items to be
arranged in numerical order so that specific references can be traced, and color
codes useful to other users could be included (see Figure 1). If this picture were to
be used in the accounts department, however, the coding would be irrelevant. The
user would be more interested in the cost mismatches than the due dates and
emphasis of the “urgent” rows would be irrelevant. This irrelevant color coding
might well distract attention from the items of interest and thereby make the task
less efficient.

As well as the code being relevant to the operator’s task. it is important that the
operator knows what the code is, otherwise it is not only useless but can distract the
operator and degrade performance.

The tendency to use color to make *‘pretty” pictures or to construct pictures that
show off all the capabilities of the display at once should be avoided when con-
structing applications, because the color in these pictures will be irrelevant to the
operator’s task and extremely distracting. This will reduce the operators’ produc-
tivity and in extreme cases can quickly become objectionable to use.




The best approach is to analyze the operator’s task and note the ways in which data .
is selected from the screen. If the operator uses one type of data in one part of the
task and then another type in a later part or under different circumstances, code
the different classes of data accordingly, to help the operator make these selections.
When considering the examples of color-use suggested later in this report, bear in
mind that what may be useful in one context may well be an interference in
another.

Achromatic Codes and Multidimensional Coding

Color can be used as the sole code on a given screen, or in combination with other .
codes. The application designer should plan the use of the achromatic codes in
conjunction with the color codes. (A hidden advantage of color is that it encour-
ages the programmer to think about the way he presents information to the opera- -
tor in general. not just the colors.) It has been shown that color can be very effec-
tive in combination with other codes, whether it is used to provide different
information from the achromatic code (nonredundant coding) or to code the same
information simultaneously with the other code (redundant coding). Both types of
coding will no dobut be used on multicolor vDUs, but because most of the simpler
applications will be monochrome-compatible they will use redundant coding
automatically.

In this context the achromatic codes referred to include not only the highlighting
techniques of blinking, reverse video, and underscore but also coding using
characters, position on the screen, and shapes, sizes, and toning of symbols.

In experiments where visual codes have been used to identify data categories

whose identification is an essential part of the task, using more than one coding

variable has been shown to improve human performance. A classic study by .
Erikson and Hake (1955). for example, showed that three variables (brightness,
hue. and size) could be used to code far more categories than could be successfully
comprehended by the subject if only a single coding variable was employed. In the
same way, color coding can be used in conjunction with existing achromatic codes
to much better effect than if they were used alone. For example, a personnel
manager might want a display showing the usage of some employee benefit at his
company’s major European locations. Each location could be coded on the chart
by a combination of color for country and shape for type of activity. (Blue for the
UK, green for France, white for Scandinavia, etc. and square for manufacturing,
triangle for development, circle for marketing, cross for administration, etc.) In this
way he could deal with say seven colors for major European areas and six shapes
for functional divisions and hence could easily classify the items on his chart into
42 categories. As well as being able to spot differences between the UK and
Germany or manufacturing and development, he could note that marketing in
Italy, say. was different from other marketing and other Italian locations in
general. To code 42 categories by color or shape alone would clearly be unman- .
ageable. If required, the size of symbol could be used to indicate the number of

employees at a location, and so on.

In practice, one of the codes will frequently be alphanumeric. Because we are so
practiced with this type of symbol we can use it to define an almost infinite range
of meanings without difficulty and do not usually regard it as a visual coding
technique.

If a complex celor code is being used it may be worthwhile to reserve the highlight-
ing techniques for noncoding formatting and emphasis independent of the use of
the color. This would allow flexibility for the programmer to draw attention to




particularly important or unusual fields without the restrictions that might be
brought about by a too rigid and specific standard. Thus an application or installa-
tion could employ a standard color code that implied fixed specific meanings for
the colors and a much looser use of achromatic highlighting for nonspecific
emphasis.

Finally, migration and compatibility between devices must be considered for
achromatic codes as well as for color. The possibility of interdimensional transla-
tions of codes does arise (for example, print italics for turquoise fields or use a
particular pattern on a monochrome display to represent a particular color on a
multicolor one) but it is very complex and has not really been studied. All this
report can recommend, therefore, is caution.




Choosing the Categories to Be Colored

The simplest way of categorizing the fields on the display is on the basis of their
screen format types, independently of the data values contained in the fields. The
separation by color of headings and ““data” is an example of this that has already
been described.

Other color codes that are independent of the content of the fields include indicat-

ing the source of the data in a field by its color, and some types of status coding. In

a document preparation system, for example. the sources of various paragraphs or

items could be shown by colors. Alternatively, the status of these paragraphs could -
be color-coded into categories such as original version, edited version, approved

technically, approved legally, reviewed by various departments, final version, etc.

In a document that is continually being changed as comments and reviews are -
received, this could help the author to keep track of who has approved which
sections of his document. Another type of source coding could show the operator
which parts of the computer system generated the fields on the display. This might
involve one color for operator-entered data, one for program-generated data (such
as headers, results of calculations) one for data from a data base, one for system
messages, and so on. In development of complex programs, this could help the
programmer keep track of which part of the program produced a given output.

Many of the status-monitoring applications that employ colored charts or graphics
use nonredundant color coding. Power network monitoring, for instance, typically
uses shapes to identify components of the system and color to code their status
(on/off, working/failed, degree of loading, etc.). This use of color avoids having to
add more symbols or characters to complex displays.

Color can be used to code physical variables, such as temperature in an application
involving furnaces or altitude in air traffic control. In these cases the choice of
categories must take into account whether the variable being coded is continuous
or has discrete steps. and how many categories the display and operator can deal
with adequately. This type of coding also implies an order for the categories (say
from low to high temperature) and therefore requires a recognizable sequence of
colors. This is discussed further below. Very often a key or legend will help the
operator discriminate the colors in this type of application.

The applications discussed up to this point have used color to provide information
that is not otherwise contained in the fields being color-coded. (Although it may
have been implied by their position on the screen or other achromatic codes.) In
many cases. however, the color code will be redundant. That is, it will be provid-
ing information that is already being displayed in another form.

The most common case will be where the color of a field is dependent on its -,
content, the color simply reinforcing the alphanumeric data. This use of color is

particularly useful where the application has to be monochrome-compatible and is

likely to be the way that color is introduced to existing monochrome applications. .
[t also ensures that the color blind and those who have not yet been trained to use '
the color can still operate the terminal satisfactorily.

In some applications. a group of fields will be colored according to the value in one
of them. Examples of this include the colors of rows in tables being determined by
the value in a significant field (see the machine shop example display) and cases
where a change in one field affects the values in other fields, which are color-coded
accordingly as in the motor insurance example.




The color-coding may also be dependent on the status of the operator/display
transaction, where color is used to indicate the impact on various fields caused by a
change entered by the operator. Color can also be used as a prompt. guiding the
operator through a transaction with a complex picture. This can be done by
highlighting the next field to be entered. or by selectively coloring those fields that
are still eligible for operator action following previous actions.

Finally, it is stressed that the categories into which the color code classifies the
display fields must be chosen so as to aid the transfer of information from the
display to the operator. This requires a clear understanding of the way the opera-
tor uses the information. If the operator deals with different sets of fields separate-
ly. then color-code the sets to help the operator attend selectively to each in turn. If
the operator makes decisions based on the status of a field. then color-code the
various types of status the field can have. If the operator searches the display for
fields of a particular status, then make the color of such fields contrast with the
rest. If certain fields are hardly ever used by the operator, display them in an
unobtrusive color (if they cannot be removed completely). If the sequence in
which the operator changes fields is constrained, use color to guide the trainee or
casual user through the sequence. When considering the color-coding strategy.
also consider the spatial formatting, highlighting. and messages that can aid the
operator.




Choosing Colors for Categories

Having chosen the categories into which the color code will break the display
fields, the application designer must then assign a particular color to each category.
Some considerations affecting this decision are discussed in this section. In short,
they are as follows.

Consistency is important if the operator is to use the color codes efficiently, and it
is likely that installations will have standard uses of colors. It is also important to
match other color codes in the operator’s job as closely as possible. Color associa-
tions and expectancies from everyday life must also be considered.

Consider the physical characteristics of the colors available: for important fields
and empbhasis use bright colors, for background information use low-contrast
colors. Display characteristics to look for are described further on in this section,
and the relevant aspects of the IBM 3279 are described in Appendix 1.

Choose sets of colors that are easily discriminated if they are used to identify
different categories, and use contrasting colors for emphasis and separation. To
show similarity. use similar colors. The following list gives contrasting, easily
discriminable sets from the seven colors available on an alphanumeric 3279:
red/turquoise, blue/yellow, green/pink; red/blue/green; red/blue/green/white.
Pairs of similar colors include red/pink and blue/turquoise. In applications where
larger sets of colors are available through graphics toning, use the paleness of some
tones to contrast with the more saturated colors, but make full use of the different
hues available in the saturated colors before using very many pale ones.

Another factor to consider is the frequency of use of different categories, and the
relative importance of correct identification. If the bulk of the data falls into one
category (often called “normal”) then a clear color without strong associations
should be used for that category (usually green). The colors of other categories
may then be chosen to contrast with the “normal” one. If accurate discrimination
between two categories is particularly important, then two clearly different colors
should be chosen for these categories first (such as blue and yellow) and colors
assigned to the less critical categories afterwards.

The question of the order of colors used to represent categories with an inherent
sequence was briefly mentioned above. If the color is used to code values of a
more or less continuous variable, then it helps the operator if there is an apparent
sequence in the color code. Some variables may have color associations that can
help, such as the resistor value color code or coding temperature from black
through red and yellow to white. If no special order is apparent then an approxi-
mation to rainbow order can be used, or if the operator understands the way that
the various colors are produced the order of colors in a color triangle can be used.
For these latter cases, Poulton (1976) recommends red for the high-value and white
for the low-value end of the sequence. With the graphic toning techniques 1t may
be possible to simulate a continuous spectrum (from red through orange, yellow,
lime, green, etc.) rather than explicitly breaking the sequence into discrete steps. In
this case, or where a large number of steps is used, a key at the side of the display
will help the operator to judge a color’s position in the scale.

Finally, compatibility between display and printer and between color and mono-
chrome displays must be considered. If the same code is to be used on more than
one device type, the device with fewest colors may determine the choice for the
other device. Color “translations™ must be made carefully and explained to the




User Expectancies

operator if they cannot be avoided. One “standard” translation is white on the
display to black on the printer, and white on 3279 in “monochrome™ mode for high
brightness on monochrome displays. (Hence the suggested use of neutral for
nonspecific emphasis.)

Subjective Reactions to the Colors

Color ought to be employed in an objective, rational manner that will enhance
information transfer between the display and the operator. Therefore the subjec-
tive preferences of the application designer ought not to be allowed to impact his
use of color on the screen. (For example. the fact that a given programmer likes
red is not sufficient reason for his applications to use predominantly red pictures.)

This is not to say that subjective views on color are to be completely ignored - on
the contrary, the designer should consider the operators’ reactions carefully when
choosing how to employ color in his application.

It has generally been found that operators or experimental subjects prefer multi-
color displays to monochrome ones (Christ. 1975; Robertson. 1976). This is
important in that it provides a potential to increase operator satisfaction. It should
be noted, however. that this subjective preference is linked to observers’ judgment
of display effectiveness; color may be judged to be more productive or more
suitable than monochrome even in situations where this is not the case. Care must
be exercised when evaluating applications in color for this reason.

Occasionally it may be reasonable to take account of operators’ preferences for
particular colors. If all the users of a given application or system dislike pink. then
by all means avoid it. In practice. however, these preferences vary considerably
from one individual to another and therefore cannot be consistently useful.

One example of the difficulty of relying on subjective judgment is an occasional
reaction that the blue on 3279 is “‘not blue enough.” It appears that the 3279 blue is
too pale to fit some people’s predetermined concept of blue. In a naming experi-
ment, however, when subjects were asked to give a name to a similar color. over
half called it **blue™ and 27% gave it the name blue plus a qualifier (for instance,
“pale blue™). Other observers have expressed a desire to have a blue paler in order
to make it more suitable for reading in large text fields. (A deep. or “saturated™.
blue is more difficult to read than a pale blue because the high-resolution part of
the retina has low sensitivity to this color.) Therefore there are objective reasons for
the choice of the color, which must take precedence over subjective reaction. The
reactions to red are also contradictory: comments include T like that orangey red.”
“Your red has too much orange in it.” **I find the red very dull and hard to read.”
“That glaring red makes my eyes smart.” “The bright red really makes errors stand
out.” It is clearly necessary to make the design decisions on other grounds.

If it is intended that an occasional application be decorative rather than designed
to transfer technical information. in this case subjective preference can be allowed
full rein.

While the user’s likes and dislikes are difficult to employ when designing applica-
tions. some operator reactions to colors have a more practical basis. If the applica-
tion uses a given color consistently in a logical manner, then the operator can infer
meaning from the use of that color and information is therefore transferred from
the machine to the operator by means of the color. The operator will find this




much more difficult if he is used to that color having a meaning different from the
meaning employed in the application.

To take an extreme example first: the electronics industry uses a well-known color
code to indicate the values of resistors. In this code, colors represent numerals and
thus have an ascending sequence: black = 0, brown = |, red = 2, orange = 3,
yellow = 4, green = 5, blue = 6, violet = 7, grey = §, white = 9. Supposing a
worker in this industry had to use a display where daily production figures were
color-coded. It is obvious that the user would have great difficulty in interpreting
the displayed information if the color code chosen by the programmer was red = 0
units, blue = 1000 units. green = 2000 units. white = 3000 units, etc.

It is therefore important that existing color codes be taken into account when
choosing codes to be used on multicolor vDUs. Many of these codes are much
simpler than the one described above, for instance the use of red ink in financial
statements, red for stop and green for start on machine tool controls, traffic lights,
fire extinguishers, electrical wiring, colored symbols on year planners or timetables,
and colored status lights on bp equipment. Other uses of color may not be normal-
ly thought of as “coding” but could affect an operator’s expectancy: keyboards
with different types of keys in different colors or tones, warning lights on car
instrument panels, editors’ blue pencil, soccer referees’ yellow and red cards, and so
on.

Clearly. the closer the use of color is to the application being designed. the greater
will be its effect on the operator’s expectancies. The programmer should therefore
look for color uses that already exist in the operator’s job, and try not to conflict
with them. The more “remote” uses of color do help in choosing colors within an
application, however, because they not only form an operator’s expectancies but
also act as indicators to some general way in which color is commonly applied.
The most obvious example is red, with its associations of “stop”. danger, and so on.
For this reason, the use of red for error messages, problem identification, and
highlighting specially significant fields is generally accepted.

If two levels of severity need to be signalled. yellow and to a lesser extent pink
associate well with red.

It is necessary to employ a color ordering scheme that is well known: red, orange,
yellow. green. blue. indigo. and violet. If no other sequence presents itself, rainbow
order is quite suitable for coding continuous variables, as described earlier. This
would produce the following order of 3279 colors: red. yellow. green. turquoise,
blue, pink. and white.

The Number of Colors to Be Used

Studies of alphanumeric applications have shown that they rarely need more than
seven and often only four colors. Apart from the coding demands of the applica-

tion. the capability of the operators to deal with many colors must be considered.

This is described in “Discrimination and Identification™ below.

Graphics users often require a larger number of colors in order to construct
complex pictures or to allow the choice of finer graduations of color. These needs
can be often satisfied by color toning techniques (see “Graphics” below).

Discrimination and ldentification

Whatever the total number of colors employed in an application. it is clear that for




Relevance and Confusion

them to be of any use to the operator he has to be able to tell one from another. If
this discrimination is not possible. then fewer colors can be used to the same effect,
and human factors workers have therefore studied this area with the objective of
setting an upper limit of usefulness on development. The resulis vary from *“‘about
seven” to 7,495,000 (Chapanis, 1965) depending on the type of discrimination
required by the application. The higher figure is an estimate of the number of
colors that are detectably different when viewed side by side, but clearly has little
practical value to data display. The lower number, seven, is an estimate of the
number of CRT colors that can be reliably identified when viewed singly, at typical
brightness and symbol size. by an unpracticed observer with normal color vision.
The latter estimate has been tested experimentally with 3279 phosphors in the i1BM
Hursley Human Factors Laboratory.

If a given application requires that more than seven colors be identified without
error, the following techniques will improve identification accuracy:

* Use large colored symbols (greater than | character block)
e Train and practice
e Keep the display bright

¢ Choose the colors carefully to be as well spread throughout the spectrum as
possible

* Fuse a legend or key so that comparisons can be made

* Fuse simple descriptive names for the colors (“turquoise, pale blue, deep blue,
violet” rather than “blue 1. blue 2. blue 3, blue 4)

These techniques will also help the color blind, and others using the display in
difficult circumstances.

The previous subsection explained that the seven colors are reliably identifiable
and can therefore be used with few errors. This does not mean that all seven
should necessarily be used. First, the total number of colors in an application must
be chosen with regard to the needs of the application: if seven colors are useful to
the operator, then use them; if only three types of data exist, then use only three
colors. This is essentially the issue of relevance discussed earlier.

Second, it is a unanimous subjective finding that too many colors on the screen can
make it confusing or even unpleasant to look at. What constitutes “too many”
varies from picture to picture, but using more than four colors often produces this
comment on typical alphanumeric pictures. Graphics pictures can generally
employ more colors if they are used with care. (This may require the advice of a
graphic designer.)

This does not mean that alphanumeric applications should be restricted to four
colors: an application can use seven colors but display only a few of them
simultaneously.




Consistency and Standards

If the color of a field is expected to convey information to the operator. it is
obvious that the operator needs to know the meaning of each color being used.
The operator has a much better chance of interpreting the color if it is used in a
consistent manner. This applies at the level of the picture, the application, and the
set of applications used by the operator. The value of consistency with color
meanings encountered away from the terminal has already been discussed under
“User Expectancies”.

The degree of consistency required at a detail level depends on the nature of the
application: if the colors code very specific values (for example, turquoise could
mean that an aircraft is at 10,000 ft in an air traffic control application) then even a
slight variation in implied meaning will cause confusion or errors. If the meaning
is defined more broadly (for instance, red means there is a problem) then there is
much more scope for variation without inconsistency. The application designer
therefore needs to consider the present and future applications to be used by the
operator before deciding how specific the information implied in the color should
be.

Migration and Compatibility

The problem of achieving consistency between applications is further complicated
by the need to achieve consistency between devices. This arises when more than
one type of terminal can be used for an application and when existing machines
are replaced. A discussion of the current 18BM 3270 display family can illustrate
this. It is possible at present, for example, that an installation will require consis-
tency between several or all of the following: 3278 and 3277 monochrome devices,
4-color 3279, 7-color 3279, 7-color 3279 with Programmed Symbols (PS), and the
4-color 3287. (Refer to the glossary for brief descriptions of the 1BM 3270 series.)
The 3279 has not been designed to be completely consistent with monochrome
displays - it is compatible to the extent that monochrome programs will run on any
model of 3279. but even in “monochrome mode™ two colors are displayed, white
replacing the high-brightness available on the monochrome machines. The
example installation, therefore, may reserve the colors green and white for “normal
data” and “nonspecific emphasis” in order to be consistent with existing applica-
tions being run on 3279.

It seems likely that the majority of 3279 users will fall into one of two categories of
color-use because of these factors. The first will use the four base colors for very
broadly defined data categories (such as “normal data™, “general emphasis”,
“problem message”, “*background information™) in order to overcome the restric-
tions of base-color mode and to achieve consistency between the variety of termi-
nals mentioned above. The applications are likely to be almost entirely alphanu-
meric, and at first they will be mostly monochrome programs with minor modifica-
tions, if any. The developers of future 7-color applications for these users will
therefore face the choice of being restricted to three colors for new or specific data
categories, or of using colors inconsistently, or of changing their use of color to

meet new application requirements.

The second group will require more specific color codes and will therefore be
constructing new application programs, presumably on 7-color 3279s. Graphics
will be much more widely used in this group. Some problems may arise if opera-
tors frequently use more than one application: the designers may have to compro-
mise either color consistency or specificity of meaning associated with color codes.
A combination of common broad categories and narrow categories specific to




‘ different applications may also be successful in this case, particularly where
graphics techniques can produce a large number of available colors.

. There is a danger, then, that using a variety of terminals or migrating from one
type to another will result in a plurality of color-coding schemes, to the confusion
of the operator. The solutions appear to be either to employ a standardized,
detailed color-coding scheme, which can be adhered to consistently throughout an
operator’s applications and devices (at the cost of an initial planning and program-
ming effort and perhaps fully featured devices) or to keep the initial uses of color
simple and broadly defined. allowing flexibility without incompatibility. Users
should be encouraged to adopt one of these strategies, rather than risk uncontrolled

- development of inconsistent codes in different applications and incompatibilities
within applications using more than one device type.

- Characteristics of the Display Device

The application designer should consider a number of characteristics of the display
device to be used when assigning colors to the data categories chosen for the
application. The chromaticities (exact colors) of the available colors are obviously

. important, both in terms of their identifiability with the colors that the operators
expect and in the ease with which the different colors can be distinguished from
each other. The chromaticity may also have implications for legibility. as in the
case of deep blues discussed above or for color-blind operators if the red. for
example, has not been chosen by the designers of the device with protanopes in
mind.

On CRT displays at least, the colors also vary in a number of other ways due to the
differences in the phosphors used to obtain different colors. Brightness and

‘ sharpness both vary and could affect legibility. Brightness also affects a color’s
suitability for emphasis. Secondary colors are almost always brighter than the
primary colors that make them up, but the quality of the convergence and its
degradation of legibility if poor must also be taken into account when secondary
colors are to be used. Obviously, if a high proportion of the data is to be displayed
in one color then a clear one should be chosen.

If another device, such as a printer. is to be used in conjunction with the display
then the characteristics of its colors should also be borne in mind while the choice
from the display’s set is being made: the impact of the printer’s characteristics on

‘ the choice depends on the relationship between the devices within the application
being considered. Appendix | describes some of the colors available on the 1BM
3279 from this point of view.




Graphics

A comprehensive discussion of graphic techniques is beyond the scope of this
report. A graphic guidelines document with human factors contributions is
planned in support of the 1BM Graphical Data Display Manager (GDDM) program
product (Murphy, 1979). This section will therefore be confined to a few pointers
on the use of color in graphics, on the I1BM 3279 in particular.

The 3279 with ps (Programmed Symbols) allows a large number of apparently
different colors to be displayed by means of toning patterns composed of different
numbers of pels (picture elements) in the primary colors. For example, a 9x12 -
character cell with 50 green pels and 50 red pels appears yellow; with 30 green pels

and 70 red pels it appears orange. The number of variations is clearly very large,

and as an aid to the programmer, 64 standard fill colors have been provided in -
GDDM. The user should select from this set the number of colors he needs, picking
ones that are as different from each other as possible (if the application requires
good discrimination). (In practice this involves using more of the stronger colors
and fewer of the pale ones, which are less discriminable.)

The availability of more than the seven basic colors can cause difficulty for the
operator if he is expected to be able to identify each of the colors reliably. There-
fore do not use more than are necessary for the application. In some cases the
colors will be used simply to differentiate areas of the picture visually and no
specific meanings will be associated with the colors. but where this is not the case,
the operator should be given as much aid as possible to identify the colors:

¢ Provide a key or legend

e Be as consistent as possible between pictures, applications, and other color codes
in the operator’s job

e Choose discriminable sets of colors. tones, and patterns. For example, aid the
discrimination between three shades of pink by using a pattern with the basic
pink. and choose the other two tones to be as different as possible.

e Use large areas if possible. The operator is less likely to make color identifica-
tion errors with areas of several character blocks in size than with single
characters.

The toning and fill patterns provided as standard have been carefully chosen to
minimize flicker, which is more likely to occur with graphic pictures. The picture
designer is advised to avoid flicker-sensitive patterns as much as possible, by taking
account of the following points:

« Patterns that have equal numbers of on-pels in the two interlace fields will
flicker far less than those that have an imbalance between the fields.

* Single horizontal lines fall into the above imbalanced category: use two-pel-
wide horizontal lines where possible.

e Large. very bright areas will tend to increase perceived flicker more than less
bright toned areas.

e The color most prone to flicker is white. followed by pink and yellow. turquoise
and red. blue. and green in that order.




Murphy (1979) has also pointed out that “staircasing” is more apparent in some
colors than in others, green being most prone with red, blue, and pink less prone to
the effect (which is presumed to be due to the sharpness of the green spot).

The graphics features and software also give the programmer more flexibility with
the alphanumerics on the picture. Where the application requires special fonts and
so on, this is very useful. Annotations on graphs, however, are best left simple for
optimum legibility: color-on-color, toned characters, and highlighting should be
used conservatively. Legibility can be improved by the use of larger characters,
both because of the character size itself and because more pels allow more freedom
in character design, and this might be very useful in presentation applications
where the screen is viewed from a greater-than-normal distance. For the best
results make the whole character larger, not just double height and “normal”
width.




Summary

Recommendations

This report discusses the human factors issues involved in using multicolor com-
puter VDUs. Ways of using color ergonomically and the relevant psychological,
physiological, and technological considerations are described. The guide covers
using color as a formatting aid, using color as a visual code, how to choose the
categories of data fields to be colored, and how to choose which colors to display
those categories in. The incidence, nature, and implications of color blindness are
briefly reviewed. Although the report is intended to be general, particular refer-
ence is made to the 1BM 3279 Color Display Station, including a review of the 3279
characteristics affecting the choice of colors for data categories.

Both general and detail recommendations are given throughout the report. A
summary of the general recommendations follows.

Relevance. Ensure that the way that the color is used on the screen is relevant to
the operator’s task. Analyze the way that the operator uses the information, and
use the color to help. (See pages 4, 8, and 12.)

Consistency. If the operator understands the way that color is being used, and it is
being used consistently. then it can transfer information to the operator quickly
and effectively. Consider whether color-use standards will help to achieve this.
(See page 12.)

Match the operator’s expectancies as much as possible. As well as maintaining
consistency within and between applications, try to achieve consistency with other
uses of color in the operator’s job and with color associations from everyday life.
(See page 11.)

Use color rationally. Do not use colors just because you like them, but for objec-
tive reasons. Take account of operators’ reactions but do not be ruled by their
subjective preferences, which will differ from person to person. Quick subjective
judgments of the value of color are often unreliable. (See pages 8 and 10.)

Use color conservatively. Avoid the temptation to show off the colors and high-
lighting. Use the number of colors that will help the operator, and no more.
Overused or irrelevant color is confusing and distracting. (See page 12.)




Appendix 1: Characteristics of IBM 3279 Colors

Printer

As well as more general questions concerning the use of color, in practice one must
take account of the characteristics of color actually available on the display. The
relevant aspects of the 1BM 3279 and the color 3287 are therefore described here so
that their implications for the application of color may be considered.

The A models of 3279 have four colors with restricted program control over their
arrangement on the screen and are intended to add color to existing monochrome
applications. The four colors are red, green, blue. and white.

Green is the primary color with best brightness/sharpness characteristics and is
also the “'standard” monochrome color. Its use for the bulk of standard data is
therefore recommended. It is also recommended as the appropriate color for
monochrome and default applications.

Blue on the 3279 is a fairly desaturated color, arrived at as a compromise between
reading ease (which requires a pale blue) and discriminability (which requires a
deeper or “bluer” blue). It is generally felt subjectively to have low contrast with
the screen background, and its use as the color for “background” information such
as the operator information area, fixed headings (*"boilerplate’) and nonsignificant
data is therefore recommended.

The red on 3279 has a slightly greater spot size than the other two primaries at a
given brightness and is therefore not quite as good for displaying large quantities of
information. This is compatible with uses that employ red as an attention-getter
tfor small but important messages such as error messages.

White is a combination of the three primaries and is therefore the brightest color
available. This makes it suitable for emphasis, highlighting, and so on. Its achro-
matic quality also makes it suitable for use as a “*‘monochrome” bright-up substi-
tute. Good convergence is essential if large quantities of data in white are to be
read by operators.

The B models of 3279 have seven colors and complete program control over their
use on the screen. The seven colors are the four described above, plus turquoise,
yellow, and pink. (Pink rather than “magenta” because of the desaturated blue.)
These colors, being combinations of two primaries, are relatively bright, and the

pink and turquoise are rather less saturated than the primaries.

An experiment in the Hursley Human Factors Laboratory showed that these seven
colors are adequately discriminable and identifiable by color-normal observers, but
the most common confusions were found to be between blue and turquoise and
between white and pink. Confusions due to color blindness are discussed in
Appendix 2.

The colors available on the IBM 3287 color printer are red, green, blue, and black.
Although the first three correspond to the CRT primaries, there are noticeable
differences, largely due to the change of background to white paper.

The color-coding implications of 4-color local printers are at present far from clear,

particularly when they are to be used with 7-color display applications. In the
simplest case, the printer will reproduce the four colors as they are arranged on the
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screen, with black substituted for the display’s white. There is little doubt that this . |
should be the default situation when the printing is carried out independent of |
program control, and is exactly what is needed if the operator desires a local copy
print to provide a record of what was on the screen. In other applications, howev-
er, if green (or blue) on the screen is used for “bulk” data it may be better if the
colors do not correspond, black being printed for this data, especially if the print-
out and display are used separately.

The 7-color equivalent of this is more difficult because it necessarily involves a

“translation” of yellow, pink, and turquoise into one or more of the four colors

available on the printer. Although other translation schemes have been consid-

ered, human factors recommend that these colors default to black. This is in line .
with a general recommendation that any translations default to a neutral color, if

available, and also fits in with the use of white/black as ‘“nonspecific emphasis”.

The reason for this default recommendation is that if colors have meanings to the
operator, those meanings must be preserved and arbitrary color changes should be
discouraged. If a color change is intentionally required for the application, then
the program can make whatever translation is needed. This is likely to arise not
only in the seven-to-four situation but also where the printout is used for a purpose
different from that of the display, especially if its user is not the display operator.
In this case the use of color should be chosen following an analysis of the user’s
needs in the same way as for the display.

When designing printouts in color, the characteristics of the colors produced
should be borne in mind, as was suggested above for displays. Apart from black
being available instead of white, the blue when printed contrasts well with white
paper and green is no longer the strongest primary color. Therefore printouts that
are not used together with the display may well use colors differently to achieve .
best effects. Printouts used with the display should however be consistent with the

display’s colors to avoid confusing the operator.




' Appendix 2:-Color Blindness

Incidence

Types of Deficiency

This section is intended to outline those aspects of color blindness that the applica-
tion designer should take into account if the displays are likely to be used by
operators with color-defective vision. A brief review of the incidence and nature of
color-vision deficiencies is included, to give the reader an idea of the extent of the
problem.

The table below shows the percentagé of males and females with congential
color-vision deficiencies. The different types of deficiency are explained below.
The data are based on Judd and Wyszecki (1975) and agree in general with a
number of other studies (see Robertson, 1976). The percentages are valid for
populations of European origin only.

Class of Deficiency % Males % Females
Deuteranomaly 49 0.38
Protanomaly 1.0 0.02
Deuteranopia 1.1 0.01
Protanopia 1.0 0.02
Tritanopia 0.002 0.001
Monochromatism 0.003 0.002
Total 8.0 0.4

(The reason for the higher incidence in men is that the deficiencies are due to genes
on the sex-determining chromosomes.)

The normal eye has three types of light-sensitive cone-shaped receptor cells. These
cells produce nerve impulses when stimulated by light and the brain interprets
these signals to produce vision. The three types of cells have peak sensitivity at
different wavelengths of light and a given wavelength will therefore produce
signals of different intensity from different cells. The neural system can thus
distinguish colors by comparing the outputs of different cells.

The three types of cone may be loosely referred to as blue, green, and red cones. A
blue light stimulates the blue cones, a yellow light stimulates both the red and
green cones, an orange light stimulates the red cones more strongly than the green
ones, and so on.

If one type of cone is missing from the eye or not functioning then the brain cannot
compare its output with the other two and therefore cannot distinguish all the
colors that can normally be distinguished. If it is the red cones that are not func-
tioning, this is known as protanopia, and if it is the green cones it is known as
deuteranopia. (Tritanopia, the lack of blue cones, is extremely rare.) Together,
these deficiencies are classed as dichromatism as opposed to the normal
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Effects of Deficiencies

Aids to Color Identification

(=)
()

trichromatism. If two or three types of cone are defunct the result is
monochromatism.

In many cases, all three cones are working but one is weaker than normal. This is
known as anomalous trichromatism. and depending on which cone-type is weaker
is classed as protanomaly (red cones), deuteranomaly (green cones), or tritanomaly
(blue cones). As the table shows, deuteranomaly is by far the most common type
of deficiency. The anomaly varies in severity from person to person: in some it is
so slight that they are not aware of it; in others it is almost the same as in a dichro-
mat. The effects on vision of the anomalies are similar to but less severe than those
of corresponding dichromacies.

People with protan or deuteran deficiencies are often grouped together as
“red-green deficient”, because they tend to make similar confusions between red,
green, and the intermediate colors (yellow. orange. etc). .-

It must be understood that *“color-blind” people can see and read characters in

most colors. (Extreme reds or blues could cause some dichromats problems, but .
are avoided on many color CRT displays, including the 3279.) What the color blind

may not be able to do is accurately identify the colors. As mentioned above, most

difficulty will be encountered in the green-yellow-red area because green and red

cone problems are the most common.

In some applications this inability to identify colors will not matter, either because
color identification is not crucial or because the operator’s decisions can be made
on some other basis. Monochrome-compatible applications, for example, may
benefit from added color without it being essential. Where color identification is
crucial and color-deficient operators may be involved, the application designer
should consider the aids below.

The following techniques can help those with color-vision deficiencies to use color
displays with fewer errors of color identification. They will also help anyone
viewing the display under demanding or difficult conditions.

e For important or common discriminations, avoid green/yellow/ red compari-
sons. Instead use yellow/blue, red/turquoise, green/pink. or on 4-color ma-
chines white/blue, blue/green, etc.

» Training, experience, and practice all help. The color-deficient operator can
compare his own reaction with those of a color-normal operator.

e The operator can use other cues to identify the colors. For example, the bright- <
ness and saturation of the colors vary. Yellow, as a secondary color, has twice as
many phosphor dots illuminated as red or green.

¢ Redundant coding, monochrome compatibility. and other characteristics of the
picture can remove the need for color discrimination.

e Large. bright fields viewed with plenty of time will produce fewer identification
errors than.small transient fields at low brightness.




Summary

e Use alegend or key so that comparisons can be made: discriminating between
two colors that are both visible is easier than identifying one without seeing the
other.

Color blindness affects about 8 percent of men and 0.4 percent of women, that is
probably less than 4 percent of operators. These individuals can still use multi-
color displays, but may confuse certain colors such as green and yellow. The
severity varies from person to person. Techniques to aid the color blind are
suggested above.



Appendix 3. Example Figures

The following pages contain a small selection of example pictures to illustrate
points made in the text. Please note that the color of the photographs does not
accurately reproduce the screen colors, particularly in the toning example. The
display from which the photographs were taken is an experimental device and the
picture quality is therefore not representative of any 1BM product.




DAILY SCHEDULE UPDATE DISTRIBUTION: PRODUCTION

FORM 2
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Figure 1. Production Schedule and Cost Display

This example shows a very simple use of color in a picture that could be used for
two separate purposes. For the machine-shop foreman the most urgent job is
emphasized by its contrasting color. For a user in the accounts department,
however, this color emphasis draws attention away from the fields of most interest,
where planned and actual costs do not match. This shows that there is no particu-
lar best way of using color: the needs of users should be carefully analyzed before
the color codes are chosen.
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Figure 2. Performance Record Display

Here the color is used to aid the formatting, and to emphasize exceptional condi-

tions in the
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righthand columns.




ORDER ENTRY

R. BARFORD LTD. DISCOUNT GROUP : 4
EASTNEY RD. ENT BALANCE : 3750.7C
PORTMOUTH DIT LIMIT : 4500,00
HANTS . IRDERS OUTSTANDING: 4710 553
THIS ORDER NUMBER : 8484

THIS ORDER VALUE : 125 .6
UNIT PRICE DISCOUNT TOTAL PRICE

4301/J0A4 EXHAUST MANIF . .85 12.5% 299.69
18647001 ENGINE (1100) 187.00 25.0% 140.25
7011/T1 DIFF. ASSEMBLY 21.50 10.0% 483.75

ORDER COMPL
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Figure 3. Order Entry Application

This figure illustrates the use of four colors in a straightforward alphanumeric
application. The operator fills in an order form on the screen, probably while
talking to the customer on the telephone. In this example the “boilerplate™ or form
is in green, the name, address. and billing information from the customer’s file is in
blue, and data entered during the transaction is white. Red has been used to
indicate a problem and to relate the three fields on the screen that are associated
with the problem.




ar If, on the other hand., theldispl:
text., full of colours and of ACHROMATIC

requir ing gl ting with no relevance t«
ight colour., but user task then not only will
block of data emphasis be less effective but #t}
» colour. In viewer's attention may be drawn
d field can be IRRELEVANT FIELDS. You can still
rarly from its out the turquoise field below if
v of colours look for it.,
will not In extreme cases the text or dat:
attention actually becomes MORE difficult
5 rching for read, because the unnecessary col
colour for some and distract you fre
the shapes of the letters and
olour is being used to If you want to t ime
ationship between two someone who reads the two halves
tion to their being this PICTURE WHICH CONTAIN THE S
same colour., no number of words. If you think §§
eld should be that example is exaggerated, check hot
other coloured many times you have used colours
display, the your own pictures without a
ionship. purpose.

Figure 4. Emphasis and Overuse of Color

The text of the figure is self-explanatory. On the right, the overused irrelevant
color and highlighting make the display very difficult to read and comprehend.
Even where the color has some meaning, it stands out and can be found much
more quickly in a “conservative” picture (as on the left) than when surrounded by
many colors.
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Figure 5. Poor Choice of Color and Formatting

In this case, the color code has been chosen to have some meaning to the operator
but is somewhat excessive and has the effect of breaking up the already irregular
formatting. A better approach would be to format the screen in blocks each
dealing with a topic such as the person, the car, and so on. Color could then be
used to accentuate the format on what is a fairly crowded screen, and to show
relationships between items in different blocks if necessary. (In use, the screen
format is constrained by the need for compatibility with a paper document.) See

. Figure 6 for an improved version.
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Figure 6. Improved Color and Formatting

An improved version of Figure 5. The picture has been structured into blocks
related to the logical divisions of the data, and the color has been used to enhance
this formatting. Lining up the fields and separating field names and “data” help
the operator to find items on the screen. The example is not intended as the best
possible screen arrangement (a close study of the application being needed for this)
but to show how simple changes can improve the clarity of a picture.
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Figure 7. Simple Status Coding

In this example, color is used to pick out the most urgent jobs awaiting completion
at a particular department in a machine shop. The color code allows position (that
1s, order of the list) to be used for other purposes. Note that the two levels of
severity are coded in red and pink (similar colors) and are explained by a small
legend at the bottom.
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Figure 8. Graphic Machine Tool Schedule

This display could be used in the same environment as Figure 7. The scheduler
uses it to assign particular stages of jobs to machines in order to meet the jobs’
schedules and to maximize machine usage. This picture uses twelve color tones to
code the jobs plus white (and black) alphanumerics. The tones are shown in the
legend, and were chosen from the set of 64 available in GDDM.




Glossary and Abbreviations

Achromatic: without the quality of color.

Base color: the A models of the IBM 3279 select the color of
the field being displayed by taking the bits in a monochrome
3270 data stream which usually select high intensity
(“‘bright-up™’) and protected/unprotected and interpreting
them as green, blue, red, and white (for normal
intensity/unprotected; normal intensity/protected: high
intensity/unprotected; and high intensity/protected
respectively).

Boilerplate: the fields in a display picture that do not change
during the transaction conducted with that pigture. Usually
the headings of columns, field names, and the like.

Chromaticity: the exact technical specification of a color. in-
cluding its hue and saturation. The CIE (International Com-
mission on [llumination) produces standard chromaticity-
specification systems. (See References.)

Coding: in this report, indicating to which of a set of catego-
ries an item of data belongs by means of an identifier such as
a color, a symbol, a highlighting mode, or any other visually
recognizable signal.

Color triangle: 2 means of representing colors in a two-
dimensional plane, usually with hue being specified circum-
ferentially and saturation radially. For example, the three
corners of the triangle would be red, green, and blue, with
white at the center and secondary colors along the sides.

Cone: a type of light-sensitive receptor cell in the retina that
allows color vision.

Contrast: the degree of visual difference between an item and
its background or surroundings. Usually the brightness
difference between a character and the screen that allows the
visual system to perceive the character.

Convergence: the exactness of the registration of the primary
colors producing a secondary color at any point on a multico-
lor CRT screen. On a well-converged screen, the red and
green components of a pel are in exactly the same place,
producing a yellow pel. On a misconverged screen, the red
and green components are not properly aligned and the result
appears as either separate red and green pels or as a yellow
pel with red and green fringes.

CRT: cathode ray tube. An electronic vacuum tube that is
used to display pictures containing alphanumerics, text,
graphics, or images in VDUs.

Cyan: the name usually used by technologists for the color
produced by mixing blue and green on a color CRT. Called
turquoise on the IBM 3279.

Desaturated colors: colors with low saturation, that is, a high
proportion of white with the dominant hue. Pale or pastel
colors. See also Saturation.

DP: data processing.

Ergonomics: See Human factors.

Expectaney: in this report, the preconceived interpretation of
the meanings of colors formed from the observer's associa-
tions and experience of the use of color outside the applica-
tion in question.

Fill pattern: a predefined pattern used to fill an area of the
picture on the display. For example, cross-hatching or ton-
ing.

Flicker: An undesirable visually apparent brightness pulsation
of a VDU picture or part of a picture.

GDDM: 1BM Graphical Data Display Manager. a program
product that uses the Programmed Symbols feature of the
IBM 3279 and other devices to construct and display graphics
pictures.

Hue: that aspect of color determined by the wavelength of the
light being observed and differentiated by terms such as
“red”, *blue”, “yellow”, etc.

Human factors: in this report, the study of man in his working
environment and the application of the knowledge gained to
the design and use of equipment with the objectives of im-
proving the safety, comfort, and satisfaction of the operator
and the efficiency of the man/machine system. Effectively
synonymous with ergonomics.

Interlace field: on many CRTs, the electron beam that pro-
duces light when it strikes the inside of the screen 1s scanned
across the screen in horizontal lines, one below another. On
an interlaced display, the beam scans the odd-numbered
horizontal lines from the top to the bottom of the screen and
then the even-numbered lines from top to bottom before
returning to the odd-numbered ones again. Thus the screen
1s refreshed in two fields, one containing the odd lines and
the other containing the even lines.

Magenta: a purple color normally produced by mixing red
and blue on a CRT. Replaced by pink on the IBM 3279.

Migration: in this report, changing the device that an applica-
tion or user employs, usually moving to newer machine types
as they become available or as the application requires them.

Monochrome: of a single color.

Monochrome mode: a status of a multicolor display device
where it acts as a monochrome display. In the case of the
IBM 3279 in monochrome mode, all fields are displayed in
green unless the program selects them to be “intensified™, in
which case they appear in white.

Multidimensional coding: coding where the category or catego-
ries of the data being coded is indicated by codes of more
than one type. For example. color and position are both used
to identify the signals in traffic lights.

Pel: picture element, the smallest addressable area on the

screen, equivalent to one of the dots that make up characters
on the display.
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Primary color: on a CRT. one of the three colors (usually red.
green, and blue) that are activated by a single electron gun
and are not produced by combining other colors.

Protanope: one type of color-blind person. See the appendix
on color blindness for a fuller explanation.

PS: Programmed Symbols. a feature on the IBM 3279 and
other devices that provides user- or software-definable char-
acters 10 be displayed. This allows the construction of graph-

ics character sets or special alphanumeric fonts such as italics.

Redundancy: when the same information is displayed or trans-
mitted by two or more different codes. they are said to be
redundant. When two coding dimensions code different
information. they are nonredundant.

Retina: a multilayer light-sensitive membrane on the inside
surface of the eye that is connected to the brain by the optic
nerve.

Reverse video: displaying characters in reverse polarity. that is.
with unilluminated pels showing the characters’ shape
against a background of illuminated pels. For example,
black on green instead of green on black.

Saturation: vividness of hue: a quality of color related to the
range of wavelengths in the light being observed. or to the

degree of white in the color. For example. CRT red is satu-
rated. white is completely unsaturated, and pink is of medi-
um saturation. The characteristic commonly differentiated

LLIYY

by words such as “pale”, “deep”. “pastel™.

Secondary color: a color produced by combining two or more
primary colors. On a seven-color CRT display the secondary
colors are usually yellow, turquoise (or cyan). pink (or ma-
genta), and white. For example. yellow is the secondary
color produced by combining red and green. Note that this
applies to displays emitting light, not ones such as printers
that work by reflecting light.

Staircasing: an effect where sloping lines are stepped rather
than straight, because points nominally on a straight line can
be represented only by energizing the nearest pel.

Subject: in this report, a participant in a human factors expe-
riment or study.

Toning: creating areas on the screen that have a proportion of
the available picture elements illuminated. A greater propor-
tion of on-pels in a given color makes that color in the toned
area appear brighter. Varying the number of on-pels (or
apparent brightnesses) of two or three primary colors in one
area creates a range of apparent colors available in the area
that is greater than the number of colors that is achievable in
a single pel.

Translation: displaying an item of data in a color other than
that selected by the program. usually because the device
cannot produce the color selected.

vDU: visual display unit.
Word profile: the shape of a word created by the ascending
strokes and descending strokes of lowercase letters. The

profile assists legibility by giving cues as to the identity of the
word.
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3270: the IBM 3270 Information Display System. A family of .
IBM VDUs and associated control units and printers.

3277: the IBM 3277 Display Station: a monochrome VDU.

3278: the IBM 3278 Display Station: a monochrome VDU.

3279: the IBM Color Display Station. A multicolor VDU
with the following models: 2A displays 1920 characters in
four colors. 2B displays 1920 characters in seven colors, 3A
displays 2560 characters in four colors, 3B displays 2560
characters in seven colors. The A models use the base color
system.

3287: the IBM Printer: a monochrome or multicolor printer
associated with the IBM 3270 system of display terminals.
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