ABSTRACT

This document contains an extensive review of the
literature concerning control and display technology that
is applicable to the Orbital Maneuvering Vehicle (OMV), a
system being developed by NASA that will enable the user
to remotely pilot it during a mission in space. In
addition to the general review, special consideration is
given to virtual image displays and their potential for
use in the system, and a preliminary partial task analysis

of the user's functions is also presented.
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DISPLAYS

The OMV display panel will serve as the operator's
source of information as he performs the various piloting
functions. Effectively monitoring and interpreting the
OMV is a primary objective in the design of the display
system. An effective display must consider information
priority and event criticality. In the most critical
situations there is a period of time Or time envelope in
which the operator must take appropriate action. If the
operator acts outside of the time envelope his actions may
occur too late to permit corrective responses. The time
between operator detection of an input and the boundaries
of the time envelope are generally used to develop a
priority system dictating the general configuration of the
display. Consideration is also given to the potential
impact of system failure in developing a priority system.
In this manner a hierarchical display concept evolves from
the operator's functional analysis of the priorities of
input an impact of input failures.

The major objective of this literature review is to
develop guidelines for optimal signal effectiveness in the
OMV. To accomplish this objective it is necessary to look
at types of input signals that can be used, factors
affecting detection and factors affecting time from

detection to performance of the appropriate response. In



this regard, it should be noted that most reaction time
studies are measures of simple reaction time in which the
subject's only task is detecting and responding to a
signal. 1In the operational OMV environment the operator
will have other tasks to perform. As a result, the
reaction time literature must be viewed as performance
under optimal conditions.
In the aerospace environment vision and audition
have been the dominant display modalities. Several
authors have indicated that touch can be successfully
utilized. In terms of detection of visual, of auditory,
or tactile inputs one must consider the physical
characteristics of the input and the nature of the working
environment in which inputs occur.
VISUAL DISPLAYS
Stimulus Factors Affecting Signal Detection
Location. Visual inputs are detected best if located in a
normal line of sight and highest priority inputs are to be
located no more than +/- 15 degrees from a normal line of
sight. standard references have established that primary
inputs should pe inside a circle with a radius of 15
degrees from a normal line of sight and secondary signals
inside a 30 degree circle (McCormick, 1976) .
Rich et al. (1971) using a Cessna cockpit flight

simulator found subjects able to detect 85% of the input



within the normal line of sight. Only 35% of the targets
30 degrees and 40 degrees from the line of sight were
detected.

Sharp (1967) had subjects perform a tracking task.
At different visual angles from 0 to 96.5 degrees either
combined visual and auditory inputs or visual inputs alone
were presented. Without a warning tone, response times
doubled. At the outermost visual angle of 96.5 degrees, a
quarter of the inputs were not responded to or missed.

Response time to various colors has been extensively
studied by Haines (1975). Using a simple R.T. paradigm he
mapped zones of equal reaction time (iso-RT zone) for red,
green, yellow, blue and white, for monocular and binocular
field of view. Missed inputs or no-response for all
colors increased rapidly beyond 30 degrees reaching 100%
at the periphery. These findings amplify the importance
of a normal line of sight or where the operator will be
looking. A thorough function/task analysis should be
sensitive to exactly where the OMV operator will be
looking during various stages of a mission. High priority
inputs must be located where he or she is looking.

The OMV piloting task will require tracking and
docking during proximity operations. As a result, caution
and warning signals that may occur could be missed. A

failure mode analysis would establish failures that could



occur during proximity operations. These failures would
need to be prioritized and an appropriate alerting system
would need to be human engineered.

A three step priority system is primarily used in
aerospace. The lowest priority step is a "caution" that
does not reguire jmmediate attention, but informs the
operator of an off nominal condition in which a relatively
large time envelope exists for correction. The second
priority is a "warning.'" A warning represents a more
serious threat to the mission with a relatively shorter
envelope to make corrections. The highest priority is an
"emergency" indicating a severe alert potentially
endangering the crew and/or mission and reguiring
immediate attention and response. When the time envelope
for correction is short, operators frequently not only
require an appropriately designed caution-warning system,
but also require rather specific information relative to
how to correct the problem.

As a result, appropriate human engineering caution-
warning systems using today's display technology may
utilize a blinking light for a "caution", a blinking light
and tone for a wwarning", and a blinking light, tone, and
a voice display informing the operator of the problem and
where to look for possible corrective actions. During

proximity operations all caution and warning signals



should be presented on the display monitor because visual
displays on the display panel would in all likelihood be
missed while the operator is performing a precision
tracking task. Even a blinking red light will be no more
attention provoking than any other color while the
operator is tracking.

Size of visual inputs and detections. A thorough review

of existing literature indicate that higher priority
visual inputs should subtend at least a 1 degree visual
angle, whereas lower priority signals should subtend at
least a .5 degree visual angle.

Blackwell (1946), using different contrasts and
background luminance, determined the smallest size signal
that could be detected. Figure 1 presents his results in
which the contrast was the absolute value of signal
brightness minus the background.

Sheehan (1972) using an A-7E heads-up display
simulator, evaluated response times to alphanumeric
legends. Three different visual warnings were used to
which subjects had to detect and respond. Figure 2
presents response time as a function of character height.
As can be seen, response time was cut in half by
increasing character heights from 0.5 to 1 degree.

As noted above for detecting high priority signals

and alphanumeric legends should be no smaller than 1
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degree visual angle. Lesser signals should be no smaller
than 0.5 degree whether displayed on the OMV panel or
monitor.

Compliance with these research findings will enhance
the operator's ability to detect a signal and discriminate
it from the busy monitor.

Brightness of visual signals and detection. Highest

priority signals should be at least twice as bright as
other signals (Meister & Sullivan, 1969). Lower priority
signals should be at least 10% brighter than other
signals. Military standards require a minimum of 150 ft.
I, for high priority signals and 15 ft. L for low. White
and Schneyder (1960) recommend a minimum of 100 ft. L for
high priority signals and 5 to 10 ft. L for all other
signals. As signal intensity increases, simple reaction
time will decrease (Davis, 1947; Luckiesk, 1944; Steinman,
1944; and Steinman and Venias, 1944). Typical results are
plotted in Figure 3 (Kohfeld, 1971).

Detection of steady state and flashing signals. If all

other signals are steady state, flashing lights are
easiest to detect. Ideally, all background lights should
be steady state or go off when a flashing warning light
occurs. Crawford (1962, 1963) found that if the
background is all steady state lights, then flashing

lights will be detected faster than steady state lights.
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Detection times for flashing signals were proportional to
the inverse of the log of the number of steady state

lights. Figure 4 presents crawford's findings that have
generally held up in other research (e.g. Edwards, 1971).

Color and visual signal detection. Findings from studies

of the effect of color on detection time have shown color
to have little effect (Weingarten, 1972). 1In general,
color does not decrease response time for signals of
moderate to high intensity when presented on a dark
background. When colors are used the conventional
population stereotypes should be used, i.e. red - highest
priority; amber - caution'; green or blue - normal or safe
(Boucek et al., 1977). Some research has found response
time to red to be shorter than to other colors (Reynolds
et al., 1972; Hill, 1947). Haines (1975) essentially
found no differences among colors in regard to reaction
time. Assignment of color, then, to visual signals is
largely a matter of consistency with established
population stereotypes and concurrence with Federal
airworthinesss regulations.

It is recommended that in the OMV visual display
environment that all visual signals subtend a visual angle
of 1 degree if it is to be used in the caution-warning
system, and that "sautions" be displayed on the monitor at

least 10% brighter than other information displayed on the



monitor. It is recommended that "warning" and "emergency"
information be presented at a brightness of 150 ft L. in a
steady state for caution and flashing in an emergency.
Steady state amber should be used for "caution"

signals and flashing amber for "warnings'. Flashing

red should be used exclusively for "emergencies".

Alphanumeric Displays. Tullis (1983) analyzed the

literature dealing with the formatting of alphanumeric
displays. Due to the broadness of this topic, he focused
on computer-generated, monochromatic, alphanumeric,
formatted displays. He reviewed guidelines, that may be
either highly general of very specific, and empirical
studies concerning display design. The empirical studies
generally used either simple, artificial displays or
complex, realistic ones, with both types involving tasks
of either question answering, problem solving, reading,
or subjective ratings. He selected characteristics that
were related to spatial design, that could be

objectively defined, and that were applicable to any
alphanumeric display. Using these criteria, the
following characteristics were selected: overall

density, the number of filled character spaces near each
character, grouping, the extent to which items form
well-defined groups, and layout complexity. Layout

complexity refers to the extent to which the arrangement
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of items on the frame follows a predictable vigual scheme.

The guidelines concerning overall density commonly
state that only "relevant” information should be displéyed
(Cakir, Hart, and Stewart, 1980; Galitz, 1980), or that
the display should not be "oluttered" (Green, 1976;
Peterson, 1979). More specifically, Danchak (1976),
states that the percentage of active screen usage should
not exceed 25%, and displays usually judged "good" did not
exceed 15%, and Smith (1980, 1981, 1982), recommended
character levels that equal 31.2% as a high density and
15.6% as a low density. Empirical studies have shown that
human performance decreases with increasing display density
(i.e. Burns, 1979; Dodson and Shields, 1978;: Cicchinelli
and Lantz, 1977). Landis, Slivka, and Jones, (1967) found
that performance increased in a simple logistics game as
the level of information presented increased while
per formance decreased in a complex reconnaissance game as
information increased. They proposed that the general
function relating performance and display density has an
inverted U-shape, with increasing density improving
performance at low levels of density but degrading it at
higher levels.

Local density has been largely ignored in the
guidelines, stating only that spacing helps to structure a

screen. The empirical data suggests that there may be an
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optimal level of local density, and levels below or above
optimum degrade performance, although a variety of measures,
such as line spacing, separation of adjacent characters,

and separation of groups, have been used to examine local
density. Brown and Monk (1975), found that search time
increased with higher local density, while Treisman

(1982), found the opposite. However, Ringel and Hammer
(1964) found the inverted U-shaped function and an

optimal level with double-spaced lines.

In the area of grouping, many of the guidelines
suggest that similar items be grouped together (Bailey,
1982; Cakir et al, 1980; and Galitz, 1980). The
empirical data is sparse; perhaps due to the difficulty
in defining "group." Treisman (1982), found that a
smaller number of groups is better than a larger number
of individual items for performance. Banks and Prinzmetal
(1976), found that grouping is beneficial if a "key'" item
can be grouped by itself. Cropper and Evans (1976),
recommended that a screen be designed in discrete "chunks,"
each of which subtends a visual angle of less than 0.088
rad (5-deg).

The major emphasis concerning layout complexity is
that the user should be able to predict the location of
some items on the screen, based on the location of others.

The guidelines recommend a tabular format (Bailey, 1982;
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NASA, 1980) and vertically aligned lists with left
justification for words and alphanumeric data (Engel and
Granda, 1976), while numeric data should be right-
justified on the decimal point (Bailey, 1982; Galitz,
1980). The literature is largely void of relevant

or notable empirical studies.

This type of review shows that while much work has
been done in this area, it is still incomplete. Most
likely, for all the characteristics discussed, there is an
optimal level above and below which performance decreases.
Further research that is more focused yet manipulates the
these variables to a greater extent is needed to develop
reliable standards for all alphanumeric displays.

AUDITORY INPUTTING

Auditory signals may be used to enhance the caution
warning system in addition to providing feedback relative
to various control actions the operator may perform.

van Cott and Kincade (1972) present a comprehensive
review of research on auditory perception. The review
presented here will highlight only those features of
auditory perception that pertain to the OMV control and
display panel. The frequency, intensity and location of
the signal, whether it is presented continuously or

intermittently, and the signal's message.

Frequency and detection of auditory signal. Aural signals
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should have frequencies between 2500 and 4000 Hz and

should be composed of more than one frequency for optimal
performance. Peak sensitivity is in the range from 2000 to
4000 Hz, as frequencies in this range tend to sound louder
than either lower of higher frequencies of the same
intensity.

Since individuals may be insensitive to some
frequencies, it is important to use a signal incorporating
more than a single frequency. Age causes loss in the
higher frequencies; consequently, a 4000 Hz upper limit
appears appropriate for most people (See Figure 6).

Intensity and detection of auditory signals. It is well

known in the human factors community that loudness and
pitch interact and that louder sounds are more likely to
be detected. For any type of auditory environment there
is a threshold intensity at which a sound can be detected
50% of the time. A quite small loudness increase (as
1ittle as 3 dB) can improve detection to nearly 100%. The
OMV command and control console would be expected to
approximate a private business office for nominal
operations, presenting the operator with a 50 dB wide band
masking. The frequencies of the ambient noise is unknown,
but would be expected to be mostly in the 400 to 2000 Hz
range for the human voice. Office hardware, machine and

air conditioning noises would have to be empirically
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determined. Wegel and Lane (1924) have provided figures
relative to the masking of one tone and the delta
intensity above threshold-in-quiet required to insure
signal detection. The office environment approaches a
wide-band ambient noise masking condition. Wide band
noise does not have a uniform intensity over the frequency
spectrum. The human ear can filter out noise outside a
certain range around a signal. The frequency width ¢
this range is called the critical band width and varies
depending upon the frequency being used (See Figure 7).
Morgan et al. (1963) indicated that the threshold of a
pure tone auditory signal can be predicted if the band
width of the noise near the frequency of the pure tone 1is
known. The technique involves measuring the level of
ambient noise at the auditory signal frequency. This
measured frequency level is corrected for the wide-band
effect by adding the 10-log value of the critical
pandwidth (can be read from the left ordinate of Figure
8). The corrected level is the masked threshold for the
aural signal.

In conclusion, aural display signals should exceed
masked threshold by at least 15 dBj; optimal signal level
is halfway between masked threshold and 11 dB.

Location of sound signals and detection. Aural signals

should be presented dichotically. Earphones, if worn,
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should be worn on the dominant ear. Alerts should be
separated from distracting signals by 90 degrees. Broad-
band sound signals should be used when jocalization is not
possible.

Research indicated that individuals have a dominant
ear and messages obtained in the dominant ear are more
attention provoking than messages received in the non-
dominant ear (Gopher and Khaneman, 1971).

Localizing sounds is affected by the frequency of the
sounds. Mills (1958) found that localization of pure
tones was optimal between 3000 and 6000 Hz and was poor
for tones from 1000 to 1500 Hz. Cherry (1953) found that
when simultaneous but different verbal messages were being
presented to both ears, the operator had no trouble
separating the signal message and completely ignoring the

other message.

Detection of intermittent of steady state auditory signals.

In general, for warning signals, intermittent aural
signals should be used and cycle time should be 0.85
seconds on and 0.15 seconds off. Steady-state signals due
to adaptions tend to become less noticeable after a short
period of time.

Detection of auditory signals and message content. High

priority aural signals should involve both an alerting

signal and an action signal. The user's name is a highly
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attention provoking alerting signal (Howarth and Ellis,
1961; Moray, 1959; Oswald et al., 1960).
TACTILE DISPLAYS

Detection of tactile signals. Nate and Wagoner (1941)

found that a steady state tactile signal was detectable as
long as the stimulus was sinking into the skin. When the
weighted signal stopped, the subject could no longer feel
it. The skin is optimally sensitive to signals that
vibrate between 200 and 300 Hz (Woodworth and Schlosberg,
1964; Van Cott and Kincade, 1972).

The amplitude of a tactile signal should correspond
to the sensitivity of the area of the body stimulated.
Wilski (1954) measured body region sensitivity to vibrator
frequencies and found the fingers most sensitive and the
buttocks least sensitive.

In terms of tactile stimulus intensity, Gescheides
et al. (1968) found the practical range of intensities to
be between 40 and 50 microns.

Tactile signals should not be placed on areas of the
body not involved in motion (Hill et al., 1968).

In summary, tactile signals must be intermittent to
be detected and the frequency of the signal should be
between 200 and 300 Hz. Little systematic research has
been done with tactile displays and given the lack of

data a very carefully designed series of studies would be
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required to validate their potential use in an operational
environment. Studies presented below indicate that
tactile displays are disruptive to visual displays and as
a result it is recommended that tactile displays be
avoided.

SIMULTANEOQOUS VISUAL AND AUDITORY INPUTTING

Klingburg (1962) had subjects respond to a 1.5 degree
visual angle similar to aircraft warning lights combined
with an 88 cps auditory signal. He measured the number of
signals missed each half hour. Probability of detection
was significantly higher than for the same signals
presented alone. These findings are consistent with other
studies (e.g. Klemmer, 1958; Fidell, 1969).

The temporal segquence of the signals is important.
Several studies have confirmed that simultaneous
presentation of auditory and visual signals produces
faster response times than presenting the signals alone
(Carroll, 1973; Bertelson, 1968). Bertelson found that if
the auditory signal occurs pefore the visual signal the
subject will respond more quickly (See Figure 9).

Best response times occur when the interstimulus
interval (ISI) is between 100 and 300 msec. Geblewiczowa
(1963) tried longer 1sIs but found that .5 sec. produced
quickest response times. Kuess (1972) used two auditory

signals and found reaction time inversely related to ISIT
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until the interval reaches 200-250 msec. (e.g. ISI less
than 250 msec. produce longer reaction times).

In regard to location of the signals, Perriment
(1969) found quicker responses when the light and sound
signals came from the same side of the panel regardless of
which side of the subject they occurred.

In summary, auditory signals presented before visual
signals produce guicker responses to caution-warning
signals. The interval between signals should be between
.1 and .3 seconds. Also, both auditory and visual signals
should come from the same side of the observer.

In providing feedback to the operator relative to
control inputs, the auditory input for the translative
control should emanate from the left side of the operator
and should be discriminably different from the auditory
feedback for the rotational hand controller feedback.

ENVIRONMENTAL FACTORS AND SIGNAL DETECTION

The general operational milieu or conditions present
when the stimuli are presented can strongly influence the
response of the operator. These factors include the
presence of other signals or distractors, the cognitive
workload imposed on the operator and his vigilant state.

A study of the information processing characteristics
of human operations indicate that there 1s an optimal rate
at which humans process information most effectively
(Poulton, 1960; Rogers, 1968). Operators tend not to

monitor information presented slower than the optimal rate
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without missing a considerable amount of data.
Information presented faster than the optimal rate produces
overload resulting in performance deterioration.

Cognitive task difficulty also affects operator
performance. Cognitive workload generally decreases the
number of signal stimuli one can process. Experimental
designs evaluating cognitive workload generally require an
operator to discriminate a signal from among distracting
stimuli.

Distracting noises and signal detection. Generally, the

closer the signal is to the noise in time and space, the
slower the response. Tactile noise in most disruptive to
visual signals. Bimodal signal configurations are best
when noise is present and signals must be prioritized so
that lower priority signals may be attenuated.

In regard to modalities signals and/or noise can be
visual, auditory and/or tactile producing a 3x3 matrix.

crawford (1962 and 1963) found that either flashing
or steady state distractor lights increase detection time
for a light signal. Eriksen and Hoffman (1972) exposed
subjects to visual distractors as close as .5 degree of
visual angle from letters used as visual signals. Other
letters and block discs were distractors. When the signal
and noise were similar (letters) reaction times

increased. Additionally, the closer the signal and noise
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were in time and space the greater the reaction times.

Adams and Chambers (1962) had subjects perform visual
or auditory tracking tasks. Visual and auditory tracking
were degraded by auditory and visual noise, respectively.
Schori (1973) had subjects perform visual, auditory and
tactile tracking and at the same time monitor warning
lights. Noise was either lights, white noise or painless
shock. Visual signal detection was poorest in the tactile
tracking condition.

Thackray and Touchstone (1989) simulated an air
traffic control task that subjects performed for two
hours. Subjects were required to perform two competing
tasks, i.e. detect alphanumeric changes snd detect two
aircraft at the same altitude. The task of detecting two
aircraft at the same altitude degraded over the two hour
task. They concluded that the decrement was specific to
stressful effects of task load on attention. These
findings were consistent with Thackray and Touchstone
(1985) and indicate that passively monitoring a large
number of signals degrade performance, particularly in
regard to attentional processes.

Laboratory studies of environmental noise are always
difficult to generalize to an operational environment.
However, when one looks at the OMV display panel with the

various overlays of information that may pe present, the
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potential for noise is apparent. Digital status data are
presented. These data will be changing at some rate. 1In
an emergency situation the cognitive workload produced by
these (i.e. digital) data may become excessive. Add to
this workload the manual tracking and docking tasks that
require the use of both hands and the workload is enlarged
to an even greater degree. A careful functional analysis
and task analysis should reveal what information the
operator actually requires in performing docking
maneuvers.

Bimodal signals have been found to be either as good
as or better than single-modal presentation of signals.
For example, Buckner and McGrath (1961) presented subjects
with a vigilance task while at the same time requiring
them to attend to 24 signals. These signals were either
visual, auditory or a combination of these two modalities.
Detection was good for all signals, but minimum detection
rates were higher for bimodal signals (89%) than for
unimodal signals. 1In general, when attempting to detect
warning signals in the presence of distracting stimuli,
auditory signals are detected better than visual signals.
Tactile signals may have a more disruptive effect on
performance.

A warning signal should sufficiently change the

sensory environment to overcome ongoing workload demand.
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Holfe and Lindsay (1973) evaluated aircrew workloads,
recognizing that either workload that is too heavy Or too
light, may degrade warning signal detection. They
recognized the complexity of measuring workload concluding
that subjective and physiological assessments were the
pest for the flight environnment. Israel et al. (1980)
used an event-related brain potential as a physiological
method of measuring task workload. Subjects performed a
simulated air—traffic—control task and measured the
subject reaction time to a secondary task. They concluded
that the event-related brain potential reflected
differences in workload and co-varied with reaction time
data.

Once again, the generalizability of a laboratory
study to the operational environment is problematic. In
the laboratory Isreal et al. (1930) presented subjects
with a primary visual detection task and then augmented
workload with a secondary auditory task. In the OMV
operational environment, the operator will be presented
visual, auditory and tactual inputs with dimensions such
as display load, memory load, response load, etc. The
utility of event-related brain potential as an index would
require a parametric disaggragation of these dimensions
through careful stimulation and analysis.

Conrad (1951, 1954, and 1955) had subjects respond to
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visual signals from four to 16 clocks. As the number of
clocks increased, errors of omission increased. If a
subject was responding to one signal he was twice as likely
to miss another signal. Wwhen the workload was high some
subjects attended to only part of the clocks, missing all
signals on the other clocks by as much as 30 seconds.

Workload can be reduced by having all pointers in the
same orientation for the signal. In this orientation
additional signals can be added and only increased
reaction by .01 second compared to 2.88 seconds for
unaligned no-signal pointers.

Number of signal stimuli and the number of steps in data

collection. There should be no more than nine signals for

any dimension. Diménsions refer to a specific signal
parameter such as frequency, brightness, location, etc.
Different signals and verbal labels increase the quality
of signal that can be identified (Boucek, 1977). Shower
and Biddulph (1931) found that when subjects were
presented single auditory signals varying in one
dimension, he could identify the signals by name OI
response as long as that number did not exceed 7+2. These
findings were confirmed by Mills and Pollack (1952).
pollack (1954) found that total amount of information
conveyed could be increased by utilizing additional

dimensions. They also found that the discrimination that
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could be made on a single dimension decreased when other
dimensions were added. The dimensions conveying the most
information are visual dimensions of linear position (3.2
pits) (Hake and Garner, 1951), and hue (3.1 bits)
(Eriksen, 1952). The tactile dimension of pressure is one
of the poorest (1.7 bits) (Hawkes, 1961).

visual and auditory channels have a number of
dimensions for conveying information. various visual and
auditory coding systems have peen developed. Conover and
Kraft (1958) developed sets of colors and obviously,
language is the most efficient auditory system.

Language signaling systems. In proximity operations,

particularly when docking, when the operator can pe expected

to be under high stress, the audio-visual load on the
pilot may reach saturation levels if the operator 1is
confronted with time delay and an unstable satellite.
Voice prompting and/or warning may pbe valuable in these
situations in that the operator can evaluate the
criticality of the situation without taking his eyes off
the screen.

Voice signals are presented in one of two ways.
First, pre—recording of human speech requires a recorded
message for each warning. Implementing this type of
signaling has generally peen restricted to a limited

number of standard signals. Second, computers can be used
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to control a voice synthesizer to generate pre-stored
warnings and recovery procedures. Rapid access to
numerous messages is possible. Obviously, however, the
synthesized voice does not sound like a human voice.
Simpson (1975) presented pilots and non-pilots with 16
sentence length messages via human speech or synthesized
speech and found the articulation score for Jilots to be
equivalent whether the pilot was exposed to synthesized
or human speech. She found that words in sentences were
more intelligible than the exact same words presented
alone. Sentences provide the operator with redundancy and
context that make it possible for the operator to miss a
word but make a good guess to £ill in the blank. In
another study, Simpson (1976) attempted to determine if
messages could be shortened to further decrease response
time and yet maintain adequate recognition. She presented
pilots with voice-synthesized keywords and sentence-length
messages in several signal-to-noise ratios. Pilots were
familiarized with half the message. Monosyllabic keywords
were repeated more accurately over a wider range of signal
to noise ratios when words were in sentences. This
finding did not hold for polysyllabic words.

In summary, it has been found that verbal signals
afford the quickest response times particularly when

stressed. Sentences are better than single words and the



messages must not be known to the observer.

In the caution-warning context, voice messages have
proved to be responded to quickest and with more precision
if the message informs the operator of the appropriate
corrective action in simple declarative sentences (Pollack
and Tecce, 1958).

TIME FROM DETECTION TO RESPONSE

In the operational environment an operator must make
the appropriate response to a detected signal.
Consequently, any effective display should inform the
operator of the nature of the problem and/or tell the
operator how to respond. An interval of time between
signal detection and response will occur and will depend
on the signal, the environment and the previous experience
of the operator.

signal factors affecting time from detection to response.

Combination visual/auditory and visual/voice appear to
pe the most effective for complex information transfer.
Voice stimuli consistently produce a faster response.

Effect of environmental factors on time from signal

detection to response. Any environmental situation that

increases the demands on the observer can be expected to
increase time from signal detection to response (e.g. Smith,
1969). Previous experience exerts a very strong effect on

operator performance. Warning and alerting signals should
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be consistent with the operator's expectations. Fitts and
Jones (1961), in a classic human factors study, showed that
the stimulus-response relationships were different in three
types of aircraft (B-25, C-47, and C-82) that were flown by
the same pilots. Pilots with greater familiarity with one
aircraft would operate the propeller pitch control when
they wanted to increase the throttle, causing loss of

airspeed.

Effect of number of steps in data collection on time from

detection to response. After detecting a signal the

operator can respond only if he or she knows the
appropriate response. If the signal does not provide
adeguate information on the problem the operator must
search for more information so as to be able to take
corrective action. This searching obviously increases the
operator's workload and takes time away from other
activities. Voice messages should be used to transfer
high-priority information as a general rule.

Pollack and Tecce (1958) had subjects perform a
tracking task with a joystick and a rudder score in terms
of number of correct movements. Two banks of 12 warning
signals were to be monitored and scored in terms of
pressing a button under the correct warning signal. They
used three different warning conditions: visual only,

buzzer and visual, and voice and visual displays. The
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voice message told which warning signal was on.

Voice and visual, and puzzer and visual were
statistically better than the visual only. Klammerling et
al. (1969) had subjects fly an F-111 flight simulator and
at the same time monitor the control panel. Failures were
signaled by either a tone or a voice recording of the
nature of the problem. Responses to the voice were 1.46

sec faster than to the tone only condition.
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VIRTUAL IMAGE DISPLAYS

Virtual image displays have increasingly become a
major contributor to human performance in aviation and
aerospace tasks in the last two decades. They are now
used so extensively that the lives of thousands of civilian
and military passengers and pilots and the safety of
billions of dollars of eqguipment is, in at least some way,
dependent on them. Accordingly, research into the
improvement of these vital aids has increased during the
last decade.

Virtual image displays generally take the form of
either, "head-up narrow-angle combining-glass presentations
(HUDs)... (or) ...head-mounted projections of wide-angle
sensor-generated or computer-animated imagery (HMDs)
(Roscoe, 1987). HUDs are the most common type used and
researched and are the type with which this paper will
primarily be concerned. HUDs are achieved when visual
data is, "projected on a partially silvered, partially
transparent surface or 'beam splitter' directly in the ...
(user's) ...forward line of sight and focused at infinity."
(Sheridan, 1974). The transparent surface is generally a
windscreen. The projection is collimated at infinity to
insure that it is always in focus (Poulton, 1974). A
pilot views collimated CRT symbology through a combiner

glass as though it were overlaid on the outside world.
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The image of the lens acts as an effective field stop
("porthole"), resulting in an instantaneous field of view
consisting of two overlapping;, circular, monocular fields,
one viewed by the left eye and one by the right, with only
a small portion of the field of view seen binocularly.
(Gibson, 1980). The main purpose of HUDs is to allow the
user to receive visual information from two sources with a
minimum of eye and head movements, thereby maximizing the
time spent gazing at vital information.

The most common use of the HUD is in aircraft
cockpits, as currently all United States tactical fighters
and helicopters are equipped with them as well as a few
commercial airliners (Roscoe, 1987). However, HUDs can
be employed in a variety of human/machine interfaces, such
as aerospace tasks and automobile operation. They will
also conceivably be increasingly used in weapons systems
requiring vigilance to dual visual displays.

In the case of the pilot, the penefits of an HUD are
obvious. It can provide him or her with jnstrument readings
without requiring the head to be tilted down, & situation
which can have disastrous results, considering the low
reaction times which the pilot must achieve in order
to survive. A large variety of information can be
displayed in this manner. Ho