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SUMMARY

This report describes the fourth in a series of experiments invest-
igating performance at a statically simulated target detection task.

The main purpose of the present experiment was to study the effect of
visual noise on three measures of performance, detection probability,
search time, and confidence level., Target photographs were displayed on
a television monitor sereen on which 'flat, white' electronic noise was
superimposed, Four conditions of signal/nolse ratio were studied: 14, 19,
24 and 30 dbs. The photographs displayed were taken obliquely, from an
altitude of 2000 ft. at ranges of 1, 2, 3 and 4 miles from each of twelve
targets.

In the main experiment 32 unskilled subjects were exposed to the four
conditions of signal/hbise ratic and the four conditions of range. A more
limlited experiment was carried out with elght skilled subjects who were
exposed to the four conditions of range but only two conditions of signal/
noise ratio (14 and 24 dbs).

The results showed that, for unskilled subjects, a decrease in
signal/nolse ratio resulted in a significant detericration in detection
probability and confidence level, but it had no effect on search time.
Decrease in range resulted in significant increases in detection probability
and confidence level and a significant decrease in search time. Target
differences and, in particular, differences between large and small targets
had a significant effect on all three performance measures. As would be
expected, more favourable performance was assoclated with the large targets.
The results for skilled subJects showed similar trends but the overall mean
search time was significantly higher than that for the unskiiled subjects,
Summary tables of the main results are shown on the following pages.

These results are discussed in relation to the findings of other

workers and their relevance to operational conditions is considered.



SUMMARY OF THE MAIN RESULTS FCOR UNSKILLED SUBJECTS

DETECTION PROBABILITY SEARCH TIME CONFIDENCE IEVEL
OVERALL MEANS 0,46 11,1 seconds b7
Significant effect (p<0.001) No significant effect. Significant effect (p<0.025)
Mean values range from 0.38 {14 dbs)|{ Mean values range from 10.8 secs. Mean values range from 4.4 (14 dbs)
to 0.55 (30 dbs). Relationship (14 dbs) to 11.4 secs, (30 dbs), to 4.8 (2% dbs). There is a sig-
SIGNAL/NOISE between S/N ratio and detection but show no consistent trend. nificant linear relationship
RATIO probability is linear, Highly between confidence level and SN
(N) significant fall in detection ratioc, Variation within S/ ratios
probability between 24 and 19 dbs. is almost entirely due to the low
value for the 14 dbs level.
(33-37) (81-82) (101-104)
Significant effect (p<0.001) Just fails to reach significance. Significant effect (p <0.001)
(0,05<p<0,10) :
Mean values range from 0.60 (1 mile){ Mean values range from 10.0 secs. Mean values range from 5.1 (1 mile)
RANGE to 0.36 (4 miles). Relationship (L mile) to 12,7 secs. (4 miles). to 4.3 (4 miles). Relationship
(R) between range and detection probab- Relatlonship between range and between range and confidence level
ility is linear. search time is linear. is linear.
(38-43) (82-85) (105-107)
Significant effect (p<0.001) Significant effect (p<0.005) Significant effect (p <0.001)
Mean values range from 0.84 for Mean values range from 5.4 sees. Mean values range from 3.9 for
TARGETS Target 9 to 0,09 for Target 6. for Target 14 to 15.8 secs. for Target 6 to 6.2 for Target 14,
(T) Highly significant difference Target 5, There 1Is a highly Highly significant difference
between large and small targetis, significant difference between between large and small targets,
Mean for large targetss 0.68 large and small targets, Mean for large targets: 5.2
Mean for small targets: 0.24 Mean for large targets: 9.0 secs. Mean for small targets: 4.2
Mean for small targets:13.2 secs.
(44-49) (86-90) (108-112)
DIFFERENCES No significant differences. Mean search times were signifi- No significant differences.
BETWEEN cantly higher for the skilled
SKILLED AND subjects. Overall mean for the
UNSKILLED skilled subjects is 15.8 secs., as
SUBJECTS. compared with 11.1l sees, for the

unskilled subjects.

NCTE 'The numbers at the bottom right-hand corner of each cell are the numbers of

the relevant pages of the report,
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SUMMARY TABLE OF INTERACTION EFFECTS FOR UNSKILLED SUBJECTS

DETECTION PROBABILITY

SEARCH TIME

CONFIDENCE LEVEL

NxR No significant interaction No significant interaction No significant interaction
High/Low < R Detection probability decreases No further analyses were carried No further analyses were carried
S/N ratios linearly with range for both high out since the main S/N ratio out since in this case it was not
and low S8/N ratios in a similar effect was also not significant, appropriate to partition S/N
manner, i.,e. the two regression ratios into high and low levels.,
lines do not deviate significantly
from parallel,
) (50-54) (76) (113)
NxT No significant interaction. No significant interaction Significant interaction (p< 0.01)

N x Target size

Detection probability increases
linearly with S/N ratio for both
large and small targets in a
similar manner; the two regression
lines do not deviate significantly
from parallel., Detection prob-
abilities are significantly lower
for small targets at each S/N ratio,
(55-60)

No further analyses were carried
out since the main 8/N ratio
effect was also not sighificant.

(76)

i.e. the twelve targets are differ-
ently affected by S/N ratio.

For large targets confidence levels
increase with incereasing 5/N ratio
in a non-linear manner., For small
targets S/N ratio has no significant
effect on confidence level, Large
targets have significantly higher
confidence levels at each S/N ratio,

(114-119)

RxT

R x Target size

Significant interaction (p €0.001)
i.e. the twelve targets are differ-
ently affected by range.

Detection probability decreases
linearly with range for both large
and small targets, but the regress-
ion lines are significantly non-
parallel and tend to converge
towards longer ranges. Detection
probabllities are significantly
lower for small targets at each

range.
(61-66)

Significant interaction (pg 0.01)
l,e. the twelve targets are dif-
ferently affected by range.

For large targets search times
increase linearly with range,.

For small targets this effect
does not reach significance but
there is no evidence that the two
regression lines deviate signif-
lcantly from parallel., Search
times are significantly lower for
large targets at each range.

(90-95)

Significant interaction (p«&0.201)
i,e, the twelve targets are differ-
ently affected by range.

gonfidence levels decrease linearly
with increasing range for both large
and small targets in a similar way,
i.e, the two regression lines do not
deviate significantly from parallel,
Confidence levels are significantly
lower for small targets at each
range,

(120-124)

NOTE The numbers at the bottom right-hand corner of each cell are the numbers of the

relevant pages of the report.
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1. INTRODUCTION

The detection and recognition of terrain features, eifher as
navigational fix-points or as military targets, is of vital importance
during high-speed, low-level flight., The difficulty of the target
acquisition task depends on a number of factors including aircraft
speed and altitude, vibration effects, meteorological conditions, target
size and conspicuity, the nature of the terrain and the type of briefing
information., These factors, and the interactions between them, give
rise to a situation of considerable complexity. This complexity is
greatly increased if a television viewing system is interposed between
the observer and the terrain.

The use of this two-dimensional display mode to represent the out-
side world inevitably results in a partial loss of three-dimensicnal
cues, These cues are of importance in the interpretation of terrain
structure and in the Jjudgment of distance, both of which are of direct
relevance tq target acquisition tasks. If, as is usually the case, a
black and white television display is used the loss of colour effects is
a particularly important factor. For instance, it has long been known
that the atmospheric attenuation of colour, and the increasingly blue
appearance of objects as their distance from the observer increases, are
interpreted by the eyve as significant distance cues (Leonardo da Vinei, 1585).
Thus in these respects the television display mode is inherently inferior,
as a source of outside world information, to a direct view of the terrain.

Furthermore, the nature of the television system introduces other
factors that may adversely affect performance. For instance, the camera
field of view is relatively restricted, and contrast and resolution
degraded. It is also possible that visual noise, originating in the
television system, will give rise to unwanted signals which appear super-

imposed on the display, thus partially masking i1t, All these factors are
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liable to have a detrimental effect on performance and this may be
accentuated 1f the size, viewing distance or orientation of the display
relative to the observer is unfavourable,.

Although training in the use of television displays may reduce the
detrimental effect of these factors, target acquisition tasks carried out
by means of a television system are likely to be considerably more difficult
than the same tasks carried out by direct view of the terr&in. In general,’
therefore, performance levels will be lower especially under adverse con-
ditions such as in peoor visibllity, or at very high speeds. However, it
should be noted that in one respect a television viewing system may have
a favourable effect on performance. BReducing the field of view of the
camera results in magnification of the apparent size of the target as
seen on the television display. This tends to lead to increased recog-
nition ranges, although it may also decrease the overall probability of
correct recognition (Rusis and Sny&er, 1965 ).

In spite of the complexities involved £elevision has become
increasingly important as a means of guiding air-to-ground missiles, It
is therefore necessary to investigate the many interacting factors which
affect the observer's performance although, c¢learly, only a limited number
of factors can be included in a single experiment. The present experiment,
the fourth in a series of visual and televisual detection studies, 1s
primarily ooncerned with the effect of visual noise on detection performance.
The importance of this particular factor arises from the need to specify the
characteristics, in terms of the signal/noise ratio of the display system,
required to achieve an acceptable level of performance. Designing and
producing systems incorporating very high signal/noise ratios is likely
to Involve considerable expense and technical difficulty. This is not
Justified if only marginal improvements in performance are associated
with the increased signal/noise ratio. However, if the signal/noise ratio
is too low performance may fall below the required level, In order to avoid

a specification that is elther unnecessarily high, or not high enough, for



-F

the task involved it is essential to know how performance varies with
signal/noise ratio. It is also important to be able to predict the
extent to which performance is liable to deteriorate if the signal/noise
ratio falls temporarily below the specified value through malfunctioning
of the equipment or external interference.

A large amount of work, both thecoretical and practical, has been
directed towards the formulation of a signal detection theory which can
be used to predict the detectability of signals in the presence of noise,
However, this work is of little direct relevance to the present study of
the effect of noise on the televisual detection of ground targets since
the theory can only be applied guantitatively to situations in which both
the distribution of noise intensities and the distribution of signai +
noise intensities are known. It is assumed that both these glve rise to
levels of actlvity in the nervous system which are normaily distributed
with equal wvariances, Tt is then possible to derive a measure of signal
detectability, 4', which is the difference between the means of the
noise and signal + noise distributions, divided by their standard deviation.
Thus the value of d' relates to the degree of overlap between these
distributions.

1f the observer 1s presented with a sighal which he perceives as Talling
within this eritical overlap region he must adopt a strategy in order to
decide whether or not to report a zsignal. This stratesy will depend on
whether he 1s more willing to make omissive or comunisszive errors. On the
basis of this he selects a critericn value, below which he rejects the
disturbance as noize and above which he accepts it as a sgignal, If his
criterion value is such that most of the overlap region falls below it then
he is relatively unlikely to make commisive =rrors but he may omit to
report genuine signals. Conversely, if his criterion value is such that
the overlap region largely occurs above it then he is relatively unlikely
to make omissive errors but may report as signals disturbances that are,

in fact,noise.
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If the probabilities of correct detection, of commissive errors and
of omissive errors are determined for a partlcular observer in a given
situation 1t is possible to calculate the value of d', and also the
criterion value selected by the observer. His response to the physical
world, as measured by the actual noise and signal + noise characteristics
of the display system can then be evaluated. There are many references
to fundamental studies in this field (see, for instance, Swets, 1964,
Broadbent and Gregory, 1963) but these need not be considered in detail
here since the basic requirements of signal detection theory are not met
by the task studied 1n the present experiment. In this experiment visual
noise originating in the televislion system appeared superimposed on the
display. The noise was measured relative to the known peak white in the
video signal and thus in this reaspect the.signal/hoise ratio of the display
system could be caleulated,

However, a different type of nolse arises from the nature of the
terrain itself, which forms a structured background for the target. In
this background some features may give valuable clues as to the exact
position of the target. These 'lead-in' features can be regarded as useful
signals. In addition, there are many minor features which cannot be related
to map information and glve no indication of target position. These features
constitute useless and unwanted information and must therefore be regarded
as noise although thls noise is of a very different type from that originating
in the electronics of the display system. In this experiment no attempt has
been made to distinguish in a gquantitative mammer between the terrain features
that can be regarded as signals and those which are unwanted noise. Purther-
more, in no case is a display presented in which the target 1s not present,
although in some cases it was extremely difficult to detect.

The situation in the present experiment is therefore one in which the
target occurs against a structured terraln, consisting partly of useful

signals and partly of unwanted noise, and both target and background are
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.degradad by the visual noise arising in the television system. Studies
of the effect of visual noise on the detection and recognition of target
objects which, as . in this case, camnot at present be completely specified
in quantitative terms, as required by signal detection theory, must be
based on experimental techniques. Reported work in this field is largely
concerned with the effect of wvisual noise or disturbance on the recognition
of target patterns.

Van de Geer and Levelt‘(l963), for instance, carried out an experiment
in which patterns were presented as rapid sequences of dots on a screen
under either 'noise~free' conditions, or 'noisy' conditions in which the
position of each dot was displaced by a random normal deviate from its
correct position, thus distorting the pattern. Tt was found that this
disturbance was detrimental to pattern recognition. Patterns which were
relatively 'noise-proof', i.e. detected almost equally well under 'noise-
free' and 'noisy' conditions, tended to be those which had the greatest
degree of spread, e.g. square, helix and star, whereas patterns which were
predominantly linear webte more readily confused under the disturbed conditions.
The critical factor determining whether a pattern would be affected by the
disturbance appeared to be the average distance travelled by the dot between
successive frames, In the 'noise-proof' patterns this was relatively large
whereas in the vulnerable patterns it was low;

The noisy conditions studied in this experiment reprezented a dist-
urbance of the pattern from its true form, rather than the superimposition
of wvisual noise such as might occcur in a television system. In ancther
study (Coules, Duva and Ganem, 1960) it was alsoc found that there was an
interaction between noise and pattern form. Judgmenis of the complexity of
20 irregular cshapes were obtained under varying conditions of superimposed
visual noise of the kind that might occur in a television system. It was
found that form differences and noise level both affected the complexity
ratings and furthermore there was an interaction between these two factors,

the effect of noise belng different for different forms.
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Crook and Coules (1959} found that visual noise resulted in
deterioration of performance in form identification on a simulated
television display. This deterioration under noisy conditions was
thought to be due to reduced contrast between form and background and a
degradation of contours. Tn a similar investigation of radar displays
Bowen et 2l (1959) found that noise and distortion were more serious than
blur in degrading recognition of geometric symbols.

A different type of experiment was carried out by French (1954) who
studied the recognition of dot patterns in relation to a simple measure of
target-to-noise ratio., In this experiment the subject was required to
recognise 'target' patterns of light dots embedded in visual noise consisting
of randomly scattered light dots. Recognition of these patterns was studled
es a function of the number of target dots (ranging from 2 to @) and the
number of noise dots (ranging from 1 to 8). The results indicated that
increasing the complexity of the target pattern by progressively increasing
the numﬁer of target dots improved recognition performance. On the other
hand increasing the number of noise dots produced a progressive decrement
in recognition of the target. In general i1t was found that recognition
performance improved as the ratio of the number of target dots to the number
of noise dots increased to a target-to-noise ratio of approximately 3:1.
Beyond that there was little improvement in recognition performance.

The general conclusion that can be drawn from these, and other similar
experiments, is that in a situation involving the recognition of target
patterns against a uniform background, performance tends to deteriorate as:
the amount of visual noise or disturbance on the display increaszss., However,
it is not possible from experiments of this type to predict quantitatively
the recognition performance associated with a particular level of noise
unless the nature of the task is closely similar to that actually studied
experimentally. Although experiments of the kind described above could in
-some cases be used to prediet the performance of observers reguired to

recognise target patterns appearing against a plain background, for instance
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on a radar screen, they caznot be regarded as directly applicable to a
sltuation in which the target appears against a background containing
other objects,

Erickson (1966) studied the recognition of a target pattern (a
rounded cross) against a static background containing 62 non-target objects
(kernels of pop-corn). Recognition of the target was studied under three
conditions: noise-free, 'fast' noise, which changed 26 times/second, and
'slow' noise, which changed 5.2 times/second. The display was produced
by projecting a cine-film showing the target against a grey background
containing the non-target objects. The television-type visual noise was
superimposed on the appropriate films by double exposure and special print-
ing, the 'fast' noise changing each frame and the 'slow' noise changing
every five frames., Thus the observer viewed a display showing a static
target, against a background containing static non;farget objects, on which
either rapidly or slowly changing visual noise might be superimposed. The
exposure time was 11 seconds and the target appeared randomly in one of
thirty possible positions. After preliminary tests of visual acuity and
response time Erickson measured the search times required for the observers,
22 Navy pilots, to locate the target under the three conditions.

The results of this experiment indicated that after a 10 second search
time the probability of detecting the target was 0,94 under noise-free
eonditions, 0.85 under conditions of 'fast' noise and 0.78 under conditions
of 'slow' noise., One possible explanation that Erickson suggests to
account for these results is that the 'slow' noise might interfere with
the natural frequency of eye-movaments. Since fixations tend to change
every 0,20 to 0.40 seconds {Michon and Kirk, 1962, White and Ford, 1960)
while an observer is searching for a target i1t could be that this fixation
frequency is disturbed by the 'slow' noise which changed every 0.19 seconds.
Thus the natural search patterns might be distorted with a resulting
decrease in recognltion rate.

The background of non-target cbjects used in this study represents a
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closer approach to the 'real' world than studies involving only plain
backgrounds. Nevertheless there is still a great gulf between laboratory
investigations of thls type and the task involved in airborne television
navigation, in which the observer may gain valuable information as to the
location of the target from the structure of the surrcunding terrain.
For instance, if a small target such as a bridge, can be exactly located
on a map, and its position in relation to larger and more conspicuous
features noted, it may be possible to determine the exact position of the
target in the television display by reference to these features. Thus the
observer may be able to correctly locate the target with the aid of the
additonal information gained from the surrounding terrain features, although
it might otherwise be below the threshold of recognition., In such cases
it may be that the extent to which these conspicuous terrain features
become unrecognisable in the presence of visual nolse has a more serious
effect on target detection performance than degradation 5f the target itself.
Such effects would not be apparent from studies of abstract targets
against backgrounds which, although they may contain non-target objects
or patterns, are unrelated to the target.

Reiatively few reports are available which relate directly to the
alrborne detection of ground targets against a background terrain in the
presence of visual noise, but one such investigation is reported by Kause
(1965). The experiment was intended to study the effect of contrast,
resolution and signal/noise ratio in an airborne target detection situation
simulated statically by means of 450 oblique aerial photographs displayed
on a television monitor screen. Two 'looks' at each of nine target. areas
were shown to the 20 engineers and 4 image interpreters who acted as
subjects in this experiment. The first look, simulating a 49,000 ft. line-
of-sight was presented under conditions of moderate vs. high contrast, low
(2 lines/mm) vs, high (4 lines/mm) resolution and noise present {constant
2 volt noise) vs. noise absent, (a total of 8 conditions). The subject was

required to locate the general area (+ 500 ft.) in which the target was
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situated. He was then, after a short delay, shown a second display

simlating a 12,000 ft. line-of-sight in which he was required to locate

and designate the target (i 50 ft.).  This second look was presented

under the same conditions of signal/noise and resolution as the first look

but contrast was improved by one step. It should be noted that the

apparatus was such that contrast and signal/noise ratio were unfortunately
confounded, i.e., a change in contrast resulted in a change insignal/
noise ratio. The contrast, resolution and noise levels were determined in
relation to the operational situation under investigation.

For briefing purposes a high quality target photograph, of scale
slightly less than that of the second look, was provided, The target

was pointed out to the observer and he was allowed up to 5 minutes to

familiarise himself with the target characteristics and the surrounding

area. The ground size of seven of fhe targets ranged from 27 ft. to

107 ft; the remaining two targets were relatively large, 315 ft. and

392 ft.

The main results found from this study were:

(a) The overall proportion of correct responses for the high altitude
condition was 57% and for the low altitude condition was 71%. Mean
decision time in each case was 7 seconds.

(b) Increased signal /noise ratio and increased resolution improved
operator performance. Contrast increase, with high resolution,
produced an improvement in operator performance; contrast increase,
with low resolution produced a decrement.

(¢} Decreased signal/nolse ratio was more seriocusunder optimal conditions
of contrast and resolution than under degraded conditions of contrast
and resolution.

(d) Correct responses were higher when viewing low altitude imagery with a
high signal/noise ratio- and high resolution than when both these

variables were simultaneously degraded,
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{e} For the low altitude condition considerably better performance was
associated with the two relatively large targets than with the seven
smaller ones.

The overall conclusion that Kause draws from this exploratory study
1s that, after observers have been extensively and rigorously trained for
the task, the detection rate for large military targets in the operational
situation should closely approach 100%, even under moderately severe conditions
of picture degradation such as those he studied.

In this study the visual complexity of the real world, as viewed by
television, 1s accurately reproduced in the experimental situation and thus,
in this respect, the results are closely applicable to operational conditions.
The targets studied by Kause were ground features, mostly small buildings,
which could be exactly located on a target photograph. Targets of a
similar type were studied in the present experiment but maps were used 1o
provide briefing information. However, in other situations, it may be
necessary for the observer to search for small targets, such as army vehicles,
whose position 1s not necessarily related to any particular terrain feature
shown on a map, or photograph of the target area. The observer's task in such
cases i1s basically one of searching for a small target shape against a complex
and highly structured background, which gives no information as to target
position. The results found by Kause would probably be very over-optimistic
if applied to a situation of this type since the effect of visual noise on
detectlon performance is likely to be extremely detrimental, The apparent
size of such a target on the screen is very small and it could possibly be
completely or partially obliterated by successive elements of noise,

It is likely that ln this situation even a relatively low level of
noise might make target detectlion impossible, particularly if other relevant
parameters, for instance, contrast or resolution, are also unfavourable.
Decreasing the camera field of view, and thus effectively magnifying the

target, could facilitate detection under such conditions but this would
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tend to increase the difficulty of overall geographic orientation since
the extent of the terrain shown in the display would be decreased. For
these small and potentially mobile targets it 1s difficult to predict
the effect of visual noise on detection performance, However, it seems
likely that to achieve & reasonable detection rate all display parameters,
including signal /noise ratio, must be highly favourable.

One extremely important factor which has not been considered in the
experiments described above is the effect of alrcraft speed and the way
that this might interact with visual noise effects. 1In both the experi-
ment carried out by Kause and the one described in the present report no
attempt was made to simulate the dynamic aspects of the airborne situation.
Tn each case the simulation technigue involved the use of static aerial
photographs. Although there is some evidence to suggést that the results
of statlic experiments, in terms of the probabllity of detection at a
given range, are comparable with those found in flight trials, dynamic
experiments would yield more relliable information. Either cine-film
simulation techniques or actual flight trials could be the basis of such
experiments, according to whether greater experimental control or greater
realism was thought to be more important. Wwithout dynamic studies it is
not possible to predict quantitatively how airecraft speed interacts with
the display signal/noise ratio, or even whether there is such an interaction.
It seems likely, however, that a deterioration in picture quality would be
more detrimental at higher speeds when there is less time to detect and
recognise targets and important terrain features. It would also be of
interest to investigate dynamicelly and in more detail, the effect of
visual noise on the detection of different types of targets, particularly
very small ones, but such an experimental program would involve considerable
expense and effort.

The present experiment represents an attempt to study by a comparatively
simple technique the effect of visual noise, as measured by the signal/

noise ratio of the display system, on the detection of a variety of ground
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targets. ‘Target contrast and apparent size were related to range as
in the real situation but other display parameters were kept constant at
a relatively favourable level, Although the nolse effect was the maln
subject of the investigation the effects of range and of target size have
also been analysed. Both skilled and unskilled subjects took part in the
experiment and the performance of the two groups was compared.

This study was the fourth in a series of static simulation experi-
ments (Parkes, 1967) interided to investigate various parameters involved
in the wvisual and televisual detection of ground targets during high-speed,
low-level flight. In the previous experiments the target displays had
been viewed under conditions of direct photographic presentation, which
were completely free of electronic nolse. The present television experi-
ment enabled comparisons to be made of detection performance under the
two modes of presentation. The principal aim, however, was to provide
detailed infoermation relating to televisual detection performance in the
presence of noise, under conditions which were directly relevant to the

operational situation.
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2. PURPOSE OF THE EXPERIMENT

The main aims of this experiment can be summarised as follows:
{1} To determine whether detection performance, as measured by
detection probability, search time and confidence level, was
significantly affected by the signal/noise ratio of the tele-
vision system used to display the target photographs. The four

values of signal/noise ratio studied were 14, 19, 24 and 30 dbs.

(11) To investigate the effect of range, and of differences between
the twelve individual targets, on detection performance under
conditions of television presentation, and to compare the results
with those found previously under conditions of photographlc

presentation.

{1ii) To analyse the differences in detection performance due to
differences between the group of six small targets and the group
of six large or consplicuous targets. In particular it was of
interest to determine whether the twc groups of targets were
differently affected by the conditions of signal/noise ratioc and

range investigated,.

(1iv) To compare the performance of unskilled subjects (students) with
that of skilled subjects (pilots and navigators). Since only
eight skllled subjects were available the sepérate experiment in
which they took part was inevitably felatively limited in scope

and only two signal/noise ratios (14 and 24 dbs) were investigated.
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3, EXPERIMENTAL DESIGN,

In this experiment the performance of both unskilled and skilled
subjects was studied, However, since only eight skilled aircrew were
available to take part, no attempt was made to carry ocut a single experi-
ment involving both groups of subjects. Instead two separate experiments
were carried out, each on a scale appropriate to the number of subjects
available, Inevitably the experiment with skilled subjects had to be
relatively limited in scope but it was nevertheless intended to provide

sulitable data for comparison purposes,

3,1 Unskilled subjects

The design of this experiment was intended to provide as much
information as possible, compatible with the amount of time available

about the following factors:

Signal/noise ratio 4 levels 14, 19, 24 and 30 dbs.

Range 4 levels 1, 2, 3 and 4 miles,

Although a number of extra sets of target photographs were included
in this experiment the maximum number of targets that could be used to test
the 16 conditions was twelve, Furthermore, restrictions similar to those
noted in previocus experiments had to be taken into account. Thus:

(a) No subject could see a target more than once,

(b) Each subject had to see each condition of signal/noise ratio and

each condition of range an equal number of times,

Since only twelve targets were available to test the sixteen con-
ditions it was clearly not possible for each subject to be exposed to
each condition as in previous experiments, Sixteen subjects (students)
were therefore allocated to the 12 x 16 ( targets x conditions) matrix-in
such a way that each was exposed to each range condition three times and
to each condition of signal/noise ratio three times, Thus a subject saw

each of the twelve targets under a different combination of conditions,
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The order of presentation of the target and condition comblnations to
each subject was randomlsed.

This experimental design, which is given in detail in Appendix 11,
was orthogonal with respect to the range conditions and the signal /noise
ratio conditions separately, but was net orthogonal with respect to the
16 conditions of range and signal/moise ratioc combined. However, this
was not a serious drawback since the experiment was not intended to
investigate subject differences and in the analysis of the results each
reading was treated as independent. Two groups of sixteen unskilled
subjects took part in this experiment, i.e. the matrix was replicated

twice, giving two readings in each cell.

3.2 8killed subjects

Since only eight skilled subjects were available this experiment
was restricted to eight condltions, these consisting of combinatlons
of the four range levels but only two levels of signal/noise ratio, 14
and 24 dbs, ALl twelve targets webe used to test these conditions.
Eight subjects were allocated to the 12 x 8 {targets x conditions)
matrix in such a way that each subject was exposed to each range condition
three times and each signal /noise ratio six times. The order of the
twelve presentations to each subject was randomlsed. Like that for
unskilled subjects, this experimental design was orthogonal with respect
to the.range and signal /noise ratio conditions separately, but not when

they were combined. Owing to the shortage of subjects it was not possible

to replicate this matrix, full details of which are glven in Appendix IT.
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4. DISPLAY AND RECORDING APPARATUS

The display and recording apparatus used in previcus experiments
‘was considerably modified for use in tﬁe present experiment. The aim
of this modification was to interpose a television viewing system between
the observer and the photographic display 1.e., instead of locking directly
at the display, as in previous experiments, the observer viewed the
display on a television monitor with visual noise added. The map display
and recording apparatus, which printed out map time, search time and the
confidence level of the observer's Judgment, remained essentlally the
same as described for earlier experiments. A general view of the experi-
mental area is shown in Figure 4.0.1.

The photographs were magnetlcally mounted on a metal slide at the
back of the display bex, as previously. However, in the present experi;
ment the front portion of the viewing tunnel was removed. The photographic
display, suitably illuminated from within the display box, was televised
from a distance of about 13" by a Marconi 321 camera, as shown in Figure
4.,0.2. The television plcture was displayed on a monitor with the addition
of appropriate amounts of 'flat, white' electronic noise., This noise,
of bandwidth Smec, was derived from a B.B.C. noise generator and added into
the video signg; via an attenuator. The eircuit impedences were checked
to be 75 41 to ensure the validity of the calibration of the generator.
This was calibrated to deliver 1 mW of noise (5me) into 75 -~ . The signal/
noilse ratios used were 14, 19, 24 and 30 dbs r.m.s. noise relative to the
measured peak white in the video signal. The excellent compensating
circultry of the 321 camera resulted in the peak white being constant over
all the target photographs used in spite of large variations in scene
content, The black levels on the display were also acceptably constant so
that no adjustment of elther the display or the camera was necessary for
each target presentation. The equipment used for generation, attenuation

and calibration of the electronic noise is shown in Figure 4.0.3.
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The 6%“ television monltor had a 4 ¢ 3 aspect ratic and measured
approximately 5i"-x 4", The monitor screen was inclined at 30° to the
vertical and arranged so that the observer viewed it through the front
portion of the original viewing tunnel used in previous experiments.
When the subject's head was correctly positioned against the fore-head
and chin rests the viewing distance was 21", The map display box was
set up alongside the television display as shown in Figure 4.0.4. A
diagrammatlic representation of the television circuit 1s shown in
Figure 4.0.5. The 'start' and 'stop' switches for recording the time
spent viewing the display were mounted, together with the series of
seven switches for indicating confidence level, below the viewlng tunnel
where they could be convenlently reached by the seated sublect.

Although @onsiderable changes had been made in the apparatus the
subJect's task was essentially the same as in previous experiments, i.e,
to detect a given target in the display after familiarising himself with
an appropriate area of the map. The only difference was that in this
case the display was a televised view, rather than a direet view, of an
aerial photograph. The method of operating the spparatus was identical
to that used previously. '

. The time spent by the .subject viewing the map was automatically
recorded when he closed the map box. When he pressed the 'start' button
the television display appeared on the screen and he was required to
detect the target as rapidly as possible. He pressed the 'stog button when
he had done so and this recorded the time he had taken. He then indicated'
the extent to which he was confident In the correctness of his judgment

by operating the appropriate one of the series of seven switches.

Finally, he used the pointer to polint out the target on the display.

This was checked by the experimenter. At the end of each cycle the
experimenter changed the map and the photograph. To prevent the subject
from gaining prior knowledgze of the S/N ratlo he was subsequently to be
exposed to the attenuator was not reset until after lie had completed

the map-briefing task in each cycle.
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FIGURE 4.0.5

Diagrammatic representation of television circuit
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5. EXPERTIMENTAL MATERTALS

The maps and photographs used in this experiment were those used
in previous experiments in this series together with a number of additional
ones, It was necessary to use this additional material because of the
large number of experimental conditions to be tested, (See Section 3,
Experimental Design). However, the four extra sets of photographs, and
the corresponding maps, related to the same type of targets and terrain
as those used originally, e.g. bulldings, bridges, stations, ete, in
Southern England, These brought the total number of targets availlable
for training and test purposes to 22,

The experimental material has been described in detail in the first
of this series of reports (Parkes, 1967) and so only a brief description
is given here. The photographic material consisted of a series of 8" x 8"
aerial photographs taken from an altitude of 2,000 ft. with a camera
field of view of 50O x 500. For display purposes these photographs were
masked so that only a central portion 4.8" (horizontally) and 3.6" (vertically)
was shown representing a camera field of 300 b 4 22%0. In each sase the '
horizon appeared %" below the top of the displayed portion, the depression
angle of the camera being 10°. For each of the 22 targets there were four
photographs taken at ranges of 4, 3, 2 and 1 mile respectively along an
approach route,

The maps were 61" x 64" sections, one for each target, of the
1" = 1 mile Ordnance Survey mep, Sheet 169. Each map showed the target
position and surrounding terrain. In addition a rectangle 4" x 3" was
marked along the approach route., Thls represented the limits of the
similated uncertainty in the aireraft position corresponding to the ¥ 2
mile condition of navigational uncertainty in range and ¥ % mile In off-set.

This was assoclated with a nominal range to target of 2 miles.
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6. EXPERTMENTAI, PROCEDURE

The training and test procedures used in this experiment were
adapted to suit the television display mode but were otherwise very
similar to those described in detail for Experiment I. A brief

description is glven below.

6.1 Unskilled subjects

Each subject was given a preliminary test of intelligence (Heim's
A.H.5 test) and personality (Eysenck Personality Inventory). Those
were given as group tests and carried out separately from the ma@n
eﬁperimental session. In addition each subject was given an individual
test of memory (forward and reverse digit-span). These thres tests took
approximately l% hours altogether.

‘ The experimental session was earried out individually and took
approximately 2 hours. Subjects were first given some practice in map
reQding, with particular referénce to ground features of importgnee in
aerial navigation. This was followed by an explanation of the photographic
and navigational parameters involved. The appropriate search area with
which the subject was required to familiarise himself was shown on the map
by a transparent overlay during initial training. This search area
corresponded to a navigational uncertainty of I 2 miles in range and ¥ %
mile in off-set, an altitude of 2,000 ft. and a camera field of view of 300.
The subject was shown a series of three sample maps and the.corresponding
sets of photographs and asked to identify the consplcuous features and
the target in each., He was then shown how to operate the dlsplay and
recording apparatus, and a series of four targets, one at each range was
shown for further practice. After each presentation the subject was told‘
whether or not he had correctly located the target and, if not, was given
a further opportunity to do so. Each photograph was initially displayed on
the monitor under a diffefent noise condition but, after he had detected

the target, the subject was shown ‘lhe same display under each of the other
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three nolse conditions., Thus, during the presentation of these four

targets the subject was able to become familiar with each noise conditiop.
Four targets were then presented for further practice, one at each range
and one at each noige level. In these and subseguent presentations no
knowledge of results was given and each target was presented under a single
noise condition.

The final test run consisted of twelve targets pr;sented under
randomly ordered conditions of range and noise, according to the experi-
mental schedule (see Appendix IT). In each case the subject was reguired
to study the map section on which the target and the limits of the aircraft's
possible position were mairked, and then turn to the television display,
which appeared on the screen when he pushed the 'start' button, énd
locate the target as rapidly as pos_sible. He then indicated his confidence
in fhe accuracy of his judgment on a seven point scale and pointed out the
target position to the experimenter who recorded it as correct or incorrect.
Thu§, for each presenfation four measures of the subject's performance were
obtained, (a) whether or not the terget was correctly detected, (b) search

time; (c¢) confidence level and (d) map briefing time.

6.2 Skilled subjects

The procedure followed in testing the skilled subjects was the same
as that outlined for the unskilled subjects except for the following
modifications:

(a) Preliminary training in map-reading was omitted since it was unnecessary
for skilled aircrew.

(b) Since thé experimental design for the skilled subjects involved only
two levels of S/N ratio the training related only to those levels
(14 and 24 dbs). Otherwise, since not all the skilled subjects were
experienced in television navigation, this part of the training was
similar to that given to unskilled subjects.

{c¢) Intelligence and personality tests were given as individual tests

after the experimental session, rather than as group tests.
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7. EXPERIMENTAL RESULTS,

In the statistical analysis of the results obtained from this
experiment each of the main factors tested is considered in relation
to the four basic performance measures recorded, i.e. probability of
correct detection, search time, confidence level and map~briefing
time. A separate section is given to each performance measure and the
effect of each of the factors is systematically considered, The main
emphasis, however, is on the effect of signal/noise ratio on performance,
For convenience cross-referenced summary tables are given in the final
section (Section 7,6).

In each case the data from the 32 unskilled subjects have been
analysed separately from those relating to the 8 skilled subjects, The
latter have been analysed in less detall and used mainly for comparison
purposes since the small size of the sample precluded more detailed
treatment.

In the statistical analysis of the results the raw data for the
unskilled subjects were treated as though each of the 384 values in
the 12 x 16 (targets x conditions) matrix, which was replicated twice,
were independent. This assumption, which was also made in previous exper-
iments, was thought to be reascnable although each subject contributed
twelve values to the matrix. A similar assumption was made about the
Independence of the values in the matrix of raw data for the skilled
subjects., No atfempt has been made to investigate differences between
subjects within either the unskilled or the skilled group. These
subJect differences were of relatively slight importance since the
primary purpose of the experiment was to investigate the effect of the
conditions tested on the performance of the two subject groups, However,
the relationship between an individual's performance and his scores on

the psychometric tests used has been evaluated (see Section 7.5),
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7.1 Detection probability

The raw data obtained from the unskilled subjects is shown in
Table 7.1.1 and those from the skilled subjects in Table 7.1.2. The
overall detection probability for the skilled subjects, who were
exposed only to noise levels of 14 and 24 dbs., was O.44 and the
corresponding value for unskilled subjects was 0.46. The overall value
for the unskilled subjects, relating to all four noise levels, was 2.47.

It can be seen in Tables 7.1l.1 and 7.1.2 that the values in the
matrix are restricted to 0, indicating an incorrect detection, or 1,
which represents a correct detectlion. The data were thus not entirely
suitable for analysis by conventional techniques. TIn spite of this a
conventional analysis of variance was carried out on each set of
readings. For the data relating to unskilled subjects the results were
then compared with those obtained from a more sophisticated technique,
Iogit analysls., This is considered in a later section. For skilled
subjects not enougn data were avallable to make this further analysis
worthwhile, |

The analysis of variance on the data from unskilled sublects is
shown in Table 7.1.3. Tt can be seen that the three main factors tested,
S/N ratio, ranges and targets are all highly significant., Furthermore,
the interaction between ranges and targets is highly significant. In
Table 7.1.4, which shows the corresponding analysis for the skilled
subjects, ranges and targets are again highly significant, but the
effect of noise just fails to reach the 5% significance level. However,
this result is not surprising in view of the fact that in this case
only two 8/N ratios were tested. Thus in Table 7.1.4 there is only one
degree of freedom associated with this factor, which, together with
the limited number of subjects used, could account for the low signif-
icance of the effect,

In the following sectlons the effect of each of the main factors

is considered in greater detail, and comparisons made between the
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performance of unskilled and skilled subjects. For unskilled subjects
the interaction effects between the main factors have also been further
analysed, Although only one of these effects reaches significance in
the overall analysis of variance shown in Table 7.1.3 the detalled
analyses (shown in Sections 7.l.4 - 7.1.7) were thought to be worth-
while in view of the interest of the results obtalned. These analyses

were not carried out for skilled subjects owing to the relatively

small amount of data avallable,
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TABIE 7.1,1

TARGETS

Ranges Séy W17 16 15 1 1 20 10 6 5 9
(miles) ratio| 3 T 5 >
(dbs) |

14 1 1 o] 1 0 0 0 1 1 0 0 1
0 1 1 0 0 0 0 0 1 Q 0 1
19 1 1 1 1 1 0 0 1 1 0 0 1
1 1 1 1 0 1 0 0 1 O 0 1

1
ol 1 1 1 1 1 0 0 1 1 0 1 1
1 1 1 1 1 0 O 1 1 0 0 1
30 1 1 1 1 0 0 0 0 1 0 1 1
0 1 1 1 1 0 1 1 1 0 1 1
14 1 1 0 1 0 0 0 C 0O 0 e} i
1 1 0 1 o] 0 1 1 o 0 1 1
19 1 1 0 1 0 0 0 1" 0 0 0 0
1 0 1 1 1 0 0 1 0 O 1 0

2
ol 1 1 0 1 0 0 0 1 0O 0O 1 1
1 1 0 1 0 0 1 1 i 0 O 1
30 3 1 0 1 0 1 1 1 0O 0 1 1
1 0 0 0 0 1 0 1 i 0 1 1
14 0 1 0 1 1 ] 0 0 o 1 o 1
0 1 0 0 1 0 O 0 0 0O o} 1
29 0 1 0 0 1 0 0 1 1 0 0 1
1 1 0 0 0 C 0 0 g o 9] 0

>
ol 1 1 1 ¢] 0 1 0] 1 0O 0 o} 1
1 1 0 0 0 0] 0 1 o 0 o} 1
30 1 1 1 1 0 0 0] 0 0 O 0] 1
1 1 ! 1l 1 o} O 1 o 1 0] 1
14 1 1 0 1 0 0 0 1 o 90 o} 0
0 0 0 1 0 1 0 0 0 0 0 1
19 1 0 0 1 1 0 0] 1 0 0 0 0
0 0 0 0 0 0 4] 0 0O 0 o] 1

I
ol 1 0 0 0 0 0 0 1 D 0 1 1
1 0 0 1 1 0 0 1 1 1 1 1
20 1 0 0 1 0 1 0 0 0 ] 1
1 1 1 1 1 1 0 0 o 0 0 1

L
1 = correct identification 0 = incorrect identification




TABLE 7.l.2

Corpect and incorrect identifications by skilled subjects

TARGETS
S/N
?:u’.‘fzs) ratio] 3 1% 17 16 15 13 1 20 1.0 6
(dbs)
14 0 1 0 1 (o] 1l 0 1 1 0]
1
ol i1 1 1 1 1 1 o 1 1 o
14 1 1 o 1 o o ©0 1 o0 0
2
o4 i1 1 1 1 o 1 1 1 1 o
14 o 1 o 1 o o0 o0 1 o o0
3
oY o 1 o o0 0 ©o0 0 o0 0 0
14 o 1 o 1 © 0 0 0 o0 0
4
o) { 1 0 o o 1 o 1 o 0 o0

correct ldentification

Incorrect identification

il
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TABLE 7,1.3

Analysis of wvariance on detection probability data for

unskilled subjects shown in Table 7.1.1

Source D.F. 3.5. M.S. V.R. Significance
SN ratio {(N) 3 2.68 | 0.89 5.93(b) | p <0.001
Ranges (R) 3 3.55 1.18 7.87(b) { p<0.001
Targets (T) 11 25.05 | 2.28 [15.20(b) ;| p<0.001
N x R 9 0.93 0.10 ~ (b) N.S.
NxT 33 5.51 0.17 1.13(h) N.S.
Rx T 33 13.64 | o.m1 2.73(%) | p<0.001
NxXRxT 99 16.14 0.16 1.07(a) N.S.
Residual 192 28.00 0.15(a)

Pooled residual

(Residual + 291 44,14 0.15(b)}

RxNxT)

TOTAL 383 95.49
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TABLE 7.0.4

Analysis of variance on the data for skilled subjects shown in Table 7.1.2

Source D.F. 3.5, M.S. V.R. Significance
S/N ratio (N} 1 0.67 0.67 3.82(b} | (p<0.20)
Range (R) 3 2.88 0.96 5.49(b)] p<0.005
Targets (T) 11 6.12 0.56 3.19(b) | p<0.005
N xR 3 0.58 0.19 1.08(a) N.S.
NxT 11 2,83 0.26 1.44(a) N.S.
Rx T 3% 4.62 0.14 - (a)] N.S.

i
Residual 33 5.92 0.18(a)
Pooled residual 8o 13.96 0.17(b)
{Residual +
N x R,
N x T,
Rx T)
TOTAL a5 23,62
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7.1.1. The effect of S/N ratio on detection probability

The overall mean detection probabilities for each S/N ratio are

shown in Table 7.1.5,

TABLE 7.1.5.

Mean detection probability for each S/N ratio

S/N ratio (dbs)
14 19 24 30
Unskilled
subjects .0.38 0.39 0,54 0.55
Skilled :
subjects 0.36 - 0.53 -

It is clear from this table that the values relating to skilled
subjects agree closely with the corresponding vaelues for the unskilled
subjects and in each case detection probability decreases with decreasing
S/N ratio, For the umskilled subjects the main part of this degradation
in detection probability appears to take place between the 19 and 24
dbs levels, The difference in detection probability between these levels

is highly significant as shown in Table 7.1.0.

TABIE T.1l.6

Differences between detection probability means at each S/N ratio

S/N ratio
(dbe) 14 19 24 30
14 - o.00 | 0.6 | 017"
Ty JER
19 0.15 0.1o
ol 0.01

*% Significant at 1% level, one-tail test

It can also be seen in Table 7.1.6 that for unskilled subjects

differences in detection probability between the two higher S/N ratios
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(24 and 30 dbs) and between the two lower SN ratios (14 and 19 dbs)
are extremely small. The difference between the two values obtained
for skilled subjects, relating to the 14 and 2% dbs levels, 1is
significant at the 5% level, on a one-tail test.

Table 7.1.7 shows the total variation due to 8/N ratios partitioned
into three components:
(1) Variation arising from differences between the high S/N ratios

(2% and 30 dbs} and the low S/N ratios (1% and 19 dbs).
(1i) Variation arising from differences within the two high S/N ratios.
(1ii) Variation arising from differences within the two low S/N ratios.
TABLE 7.1.7

Partition of S/N ratio variation

Source D.F, s.8. .M.S. V.R. Significance
S/N_RATIOS* 3 2.68 0.89 5.93 p <0.001

Between high
18/N ratios and 1 2.67 2.67 17.79 p < 0.001
low S/N ratios

within high

Within low
SN ratios 1 0,005 0.005 | - N.S.
RESTDUAL* 291 4y 1y 0.15

"

# Values taken from analysis of variance shown in Table 7.1l.3

This analysis shows clearly that almost the whole of the variaticon
in detection probability due to S/N ratio is accounted for by the
highly significant variation between the high S/N ratios and the low
S/N ratios. Variation within high and low S/N ratios is negligible,
The effect of range on detection probability under conditions of high

and low S/N ratio is considered in Section T7.l.4.



These results confirm that in this experiment the deterioration
in detection probability takes place almost entirely between the 19
and:24 dbs levels. Since no readings relating to S/N ratios betweep
those two values are available, it 1s not possible to define the exact
relationship between detection probability and S/N ratio in this region.
However, a regression analysis carried out on the data for all four SN
ratios (unskilled subjects only) suggests that the relationship between
detection probability and S/N ratio is basically a linear one within

the 14 - 30 dbs range investigated. This analysis is shown in Table

7.1.8.
TABLE 7.1.8
Regression analysis of S/N ratio variation
1
Source D.F. S.8. | M.s. V.R. | Significance
S/N_RATIOS* 3 2,68 | 0.89 | 5.93 | p <0.001
1 i {
Linear regression 1 2.23 2.2% 514.86 p «0.001
Deviation about {
linear regression 2 0.45 0.23 . 1.55 N.3.
|
RESTDUAL* 291 4y 14 0.15 ] ]

¥ Values taken from analysis of varlance shown in Table 7.l.3

As can be seen in Table 7.1.8 a large proportion of the variation
due to S/N ratios is accounted for by linear regression, The regression
line is shown in Figure 7.1l.1, together with the actual mean probability
values for unskilled subjects and the associated 95% confidence limits.
The two corresponding detection probability values for skilled subjects
are also shown, although these were not included in the calculation of
the fegression line.

The remaining variation due to 8/N ratios is accounted for by
deviation about the linear regression. This deviation is not statist-

ically significant. These results are very similar to those found
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FIGURE 7.1.1

The effect of signal/noise ratio on detection probability.-
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probability.
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0.2 Y = 0.18% + 0.013 X
'_7{1 T T . T }
14 19 25 30 S/N ratio

(dbs)

® Unskilled subjects.
e Skilled subjects.

NOTE The regression line is based only on the values relating to
unskilled subjects.
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from the Iogit analysis of these data, (Section 7.1.8). This analysis
showed that the linear effect of S/N ratio was highly significant but the
quadratic component was not significant. A comparison of observed and
expected detection probabilities in each cell suggested that the fit of the
model might be improved by the introduction of a cubic effect of S/N ratio.
This would probably give rise to a curve showing upper and lower asymptotes.

Seven targets used in the present experiment had been studied under
conditions of photographic presentation in Experiment I. By extracting
appropriate data it was possible to compare the overall detection probability
assoclated with the 30 dbs 8/ ratio television display with that for photo-
graphic presentation. The relevant values were 0.57 (30 dbs) and 0.63 (photo-
graphic). The difference between them was not significant which suggests that
increasing the S/N ratio above 30 dbs would bé unlikely to result in a sig-
nificant improvement in detection probability. There was also no significant
differgnce in detection probability between the 24 dbs S/N ratio display and
the photeographic display. This indicates that, in spite of the apparent
linearity of the data within the 14 - 30 dbs range of S/N ratios studied, the
two higher levels, 24 and 30 dbs, are approaching an upper asymptote and little
further improvement in detection probability would be observed if the S/N ratio
were Increased. However, 1t is not feasible to investigate this possibility
further without obtaining additional data in the 14 - 30 dbs range and for
higher S/N ratios,

The two main conclusions that can be drawn from the data obtained in
the present experiment are:

{(a) There is a highly significant fall in overall detection probability
between the 24 and 19 dbs levels of S/N ratio.

(b) wWithin the 14 ~ 30 dbs range of S/N ratios investigated there is no
evidence that the relationship between detection probability and SN
ratio is non-linear, although the form of the data, and comparison with
data obtained under conditions of photographic presentation, suggest
an upper asymptote. The deviation of the mean values about the regression
line accounts for the fact that the difference 1in detection probability
between the 24 and 19 dbs levels is highly significant whereas differ-
ences between the 14 and 19 dbs and the 24 and 30 dbs levels are very
small. However, this deviation is not significant whereas the linear
regression component is significant.
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7.1.2 The effect of range on detectlon probability

The analysis of variance shown in Tables 7.1.3 and 7.1.4 for
unskilled subjects and skilled subjects respectively both show that
detection performance is significantly affected by range. Table T7.l1l.9
shows the mean detection probabilities for each range and for each
group of subjects. Since the skilled group were only exposed to SN
ratios of 14 and 24 dbs the corresponding data has been extracted
from the complete data for the unskilled group for comparison purposes.

TABLE 7.1.9

Mean detection probabllities for each range

Range {miles)

1 o2 3 1 4

N*

Unskilled subjects ! 0.60 0.50 0.39 0.36 96

Unskilled subjects
(8/N ratios14 and | 0.56 0.50 0.38 0.39 48
! 24 dbs only)

Skilled subjects |0.63 | 0.59 | 0.21 | o0.34| 24

*N = Number of readings on which each value is based,

For the unskilled subjects detection probability decreases
with increasing range. This decrease is also apparent for the skilled
subjects except that the value for the 3 miles range detection prob-
abllity 1s lower than would be expected. However, these values are
based on only cne quarter as many readings as those for skilled
subjJjects and are therefore likely to be less reliable. Differences
in detection probablilities for skilled subjects and unskilled subjects

(3N ratios 14 and 24 dbs only)were shown by t-tests to be non-significant

at each range.
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Differences between mean detection probabilities for ranges are
shown in Table 7.1.10 for each group of subjects. The levels of
significance shown relate to one~tail t-tests since previous work had
indicated that, as would be expected, detection probability decreases
with increasing range.

TABLE 7.1.10

Significance of differences hetween range means

Unskilled subjects Skilled subjects
l i
Peange 1 2 3 4 1 2 3 4
(miles) J
1 I - 10.10%|0.21#%{0.24%x || - |0.04 |0.42%%| 0.29%
2 - 0.11% {0.1la%x - [0.38%x]| 0,25%
3 | - lo.03 -~ le0.13

* Siénific;nt at 5% level *%* Significant at 1% level

It can be seen that for unskilled subjects range differences
greater than 1 mile, 1.e. differences between 1 and 3 miles, 2 and
4 miles and 1 and 4 miles, result in highly significant differences in
detection probabilities. 8Single mile differences result in non-significant
or less significant detection probability differences. Similar results
are found for the skilled subjects although these are slightly
distorted by the eppnarently anomalous value for the j mile raﬁge,

A regression analysis was carried out on the detection probability
data for ranges. Only data relating to unskilled subjects were included

in this analysis, the results of which are shown in Table 7.1.11.
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TABIE 7.1.11

Regression analysis of range variation

Source D.F. 5.8, M.3. | V.R. Significance
RANGE* 3 3.55 1.18 7.87 p.< 0.001
Linear
regression 1 3.33 3.33 22.27 0.001
Deviation about :
linear regress- 2 0.22 0.11 - N.S.
ion )
RESIDUAL 291 i, 14 0.15

»*
Values taken from analysis of variance Table 7.1.3

It can he seen from this analysis that the linear regression of
detection probability on range is highly significant. Deviation about
this linear regression is non-sipgnificant. These results are in good
agreement with those found in previous experiments.

The mean detection probability values for unskilled subjects at
each range, together with the assoeciated 95% confidence 1limits are
shown in Figure 7.1.2. The regression line relating detection
probability to range is also shown.

Since the data obtained in previous experiments related to
direct photographic presentation and those in this experiment to the
television mode of presentation, it was of interest to compare the
detection probability results obtained. The data obtained in Experiment
I were most suitable for comparison purposes but they were restricted to
seven targets and the regression line could only bhe calculated on the
basis of three range values (1 - 3 miles). The corresponding data have
been extracted from the raw data obtained in the present experiment and
mean detection probabilities calculated for each range. These values
are shown in Table 7.1.12, together with the corresponding data from

Experiment I.
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FIGURE 7.1.2

The effect of range on detection p;obabilggx,
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NOTE The regression line and detectlon probability values shown relate only
to unskilled subjects.
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TABIE 7.1,12

Mean detection probabilities at each range under conditions

of photographic and television presentation

Range (miles)
N Overall
1 5 3 mean
Photographic
presentation 0.74 0.62 0.53 42 0.63
Television 0.61 0.50 0.41 56 0.51
presentation
Differences 0. 1%+ 0.12% 0.12*% 0,12%=

N = Number of readings on which each value is based.
# Significant at the 5% level, ocne-tail test,
*» Significant at the 1% level, one-tall test.

?t can be seen in Table 7.1.12 that, both overall and at each range,
television presentation resulted in significantly lower detection prob-
abilitles than photographic presentation. The mean value of 0.51 relat-
ing to television presentation could be divided into two further values.
The first, 0.56, related to high signal/moise ratios and was not sig-
nificantly different from that for photographic presentation. The
second, 0.45, related to low signal/noise ratios and was significantly
lower than that for photographic presentation.

Figure 7.l.3 shows the mean detection probability values for
each type of presentation and the corresponding regression llnes. The
values relating to television presentation have been averaged over all
S/ ratios and the regression line, although based on data for only
three ranges and seven targets, is simllar to that shown in Figure 7.1.2
which relates to the complete set of data. It can be seen that tele-
vision presentation results in detection probabilities approximately
0.12 lower than photographle presentation at each range. There is no
significant difference between the gradients of the two regression
lines and thus there is no evidence of an Interaction between range

and presentation mode,



=43..

FIGURE 7.1.3

A comparison of the effect of range on detection probabillity under

conditions of (a) photographic display and (b) television display.

etection
obability. . Equations of the regression lines:

’ (a) Y =0.841 - 0.107 X

(b) Y'= 0.702 - 0.098 X
0.8

0.7

(a)
0.5+

(b)

0 1 2 3 Range (miles)

NOTE Both regression lines relate to unskilled subjects.
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7.1.3 The effect of target differences on detection probability

Mean detection probabilities for each of the twelve targets are
shown in Table 7.1.13, together with the rank order. These values

relate only to unskilled subjects,

TABTLE 7.1.13

Mean detection probabilities for targets

Target Mean detection Ranking
" probability
9 0.84 1
3 0.78 2
14 0.75 3
16 0.72 L
20 0.63 5
10 0.38 6%
15 0.38 635
17 0.34 8
5 0.31 9
13 .22 10
1 0.13 11
6 0.09 12

It can be seen that there is a wide variation between target
detection probabilities, ranging from 0.84 for Target 9, an airfield,
to 0.09 for Target 6, a small road/river bridge.

In the:case of skilled subjects the mean detection probabilities
for targets related only to the 14 and 24 dbs. 3/N ratio levels. It
was therefore not possible to make a direct comparison between these
values and those shown in Table 7.1.13 for unskilled subjects which
relate to all four SN ratio levels. However, when appropriate values,
i.e, those relating only to the 14 and 24 dbs. levels, were extracted
from the raw data for unskilled subjects and compared with the target
mean detectlon probabilities for skilled subjects, it was found that
the differences between the two sets of values were non-significant

for each of the twelve targets.
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Muarthermore, there was a high degree of correlation (Kendall's tau
= 0.71, p ¢0.005) between the target rankings for skilled subjects and
the corresponding rankings for unskilied subjects, Thus it was clear‘
that unskilled and skilled subjects did not differ significantly in their
ability to detect individual targets.

For unskilled subjects target detection probabilities were further
analysed by determining the differences between each pair of values shown
in Table 7.1.13. These differences, together with the associated sig-
nificance levels, are shown in Table 7.1.14, Examination of this table
shows that the twelve targets can be conveniently divided into three
groups. In general, although there is slight overlap, differences in
detection probabilities within each group are non-significant but 4dif-
ferences betwéen groups are significant at the 5% or 1% levels, as shown

dliagrammatically in Figure 7.1.4.

TABLE 7.1.14

Differences between detection probability means for targets.

TARGETS |

3 1% 16 20 0 15 177 5 13 1 6

9 .06 .09 .12 .21 .46 .46 .50 .55 .62 .7L .75

3 .03 .06 .15 .40 .40 .44 .47 .56 .65 .69

14 05 .12 .37 .37 .41 bk .53 .62 .66
16 .09 34 Zh .28 .1 .50 .59 .63
20 .25 .25 .29 .3 .4 .50 .54
10 .00 .04 .07 .16 .25 .29
15 .04 .07 .16 .25 .29
17 03 .2 .21 .25
5 09 .18 .22

13 09 .13
1 Nol

Differences which are significant at the 5% level are indicated by single

underlining and those significant at the 1% level by double underlining.
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To compare target detection probabilities found under conditions of
photographic presentation in Experiment I with those found under tele-
vision presentation in the present experiment it was necessary to extract
the appropriate data, i.e. those relating to the original seven targets
and three ranges (1 - 3 miles) from the raw data shown in Table 7.1.1.
The two sets of values, those 1in Experiment I and those extracted from
the present experiment, are shown in Table 7.1l.15. All data relate to
unskilled subjects.

TABLE 7.1.15

Target detection probabilities under conditions
of photographic and television presentation

TARGETS

Overall
14 1644} 3 17 | 13 1 o1 1 mean
Photographic !
presentation 1.00 | 0.94 | 0.67 | 0.67 | 0.50 | 0.33 [ 0.28 | 0.63

(Experiment I)

Television
presentation 0.92 { 0.67 | 0.79 | 0.42 | 0.17 | 0.38 | 0.17| 0.50
Differences 0.08 | 0.27#}-0.12 | 0.25*% 0.33*4-0.05 0.11 | 0.13%=

* 8ignificant at 5% level #% Significant at 1% level

It can be seen in Table 7.1:.15 that the differ=snce between overali
mean detectlion probabilities for photographic and television presentation
is highly significant, the television display being associated Qith lower
detection probabilities., However, only three individual targets are
significantly affected. For the remalning four targets television presente
ation and photographic presentation do not give rise to significantly
different detection probabilities. There is no obvious explanation as to
why these three particular targets should be significanfly affected and

the others apparently not affected.
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The analysis of varlance on the detection probability data for
unskilled subjects shows that variation arising from target differences
accounts for a relatively large proportion of the total variation. This
1s reasonable 1n view of the wide differences between the twelve targets
studled and particularly the differences in target size. This parameter
was chosen as an appropriate basis for dividing targets into tuo groups,
and thus partitioning the total variation due to targets. The first
group consisted of the six small targets, e.g. bridges, small buildings,
and the second group consisted of three large targets, e.g. an airfield,
and three smaller targets which could be included in the large target
group because they were adjacent to large conspicuocus features, recognition
of which greatly facilitated target detection, e.g. a station adjacent to
a large pond. Full details of the two groups of targets are shown in
Appendix ITI, As would be expected there is a close relationship between
detection probability and target size and the six large targets were the
first six in the detection probability rankings for unskilied subJects
sho¥n in Table 7.1.13.

Table 7.1,15 shows the total variation due to targets divided into
three components:

~(a) Variation between small targets and large targets,
(1.e. that due to target size)
{(b) Variation within small targets

(e) Variation within large targets



TABLE 7.1.16

Partition of target variation

Source D.F, 5.5. M.S. V.R. Significance
TARGETS* 11 25.05 2.28 15.20 p € 0.00L
Target size 1 18.38 18.38 122.5% p < 0.001
Withinsmell | 5 2.21 | o.44 2.93 | p< 0.025
g;ig_s-la"ge 5 4,46 0.89 5.93 { p< 0.001
RESTDUAL* _ 291 44,14 0.15

# Values taken from analysis of varlance shown in Table 7.1.3.

It can be seen in Table 7.1.16 that the variation arising from the
highly Blgnificant effect due to target size accounts for a high proportion
of the total varlation due to targets. The remalning variation is due to
variation within the six small targets and within the six large targets.
These two values are both significant but they are pot significantly
different from each other, i.e. there is no evidence to suggest that the
variation within small targets is different from that within large targets.

Since the difference between large and small targets accounts for such
a high proportion of the total variation due to targets il was of interest
to consider the effect of S/N ratio and range on small and large targets
separately. These effects are considered in Sections 7.1.5 and 7.1.6

respectively.
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7.1.4. S/N ratioc x range interaction

The anealysls of variance shown in Table 7.1l.3 on the detection
probability data for unskilled subjects indicates that there is no
significant interaction between range and signal/hwise ratio, i.e.
that each signal/noise ratio condition is affected in a similar way by
the range values tested. The partition of the total variation due to
the N x R interaction into linear and deviation components 1s shown in
Table 7.1.17.

TABLE 7.1.17

Regression analysis of N x R interaction

Source D.F. 5.8. M.S. V.R. Significance

N x R* -9 0.93 0.10 - N.S.
Linear regression 1 0.54 0.54 3.60 (p < 0.10)
Deviation 8 0.39 0.05 - N.S.
RESITDUAL#* 291 . 4 14 0.15

* Values taken from analysis of variance shown in Table 7.1.3

It can be seen in this table that the linear regression component
of the N x R interaction does not quite reach the 5% level of significance.
However, since p «0.10, there appears to be a tendency for the regression
lines of detection probability on range to be non-parallel. This suggests
that the different S/N ratios are differently affected by range. The
deviation of the mean values about the regression lines is non-signifiecant.

Since the variation due to difference between the two high S/N ratios
(30 and 24 dbs) and the two low SN ratios (19 and 14 dbs) accounted for
almost the whole of the total variation due to S/ ratios (see Table
7.1.7) it was of interest to determine whether these two levels were
differently affected by range. The mean detection probabilities for

unskilled subjects at each range under conditions of high and low SN
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ratio are shown in Table 7.1.18.

TARLE 7.1,18

Mean detection probabllitlies for ranges under
conditions of high and low S/N ratio

Number of
Range (miles) readings on
which each
value 1is
1 2 > 4 based
High S/N
ratios 0.69 | 0.56 | 0.46 | 0.48 48
(30 & 24 dbs)
Low S/N ratlos| o 55 | oy | 0,31 | 0.25 48
(19 & 14 dbs) * : * :
Differences C.17*; 0.12 0.15% | 0.23%%

* Significant at 5% level, one-tail test.
#% Significant at 1% level, one-tail test.

The differences between detection probabilities under the high and
low 8/N ratio levels were significant at each range except for 2 miles
which Jjust falled to reach the 5% level.

To determine whether there was any interaction between high and low
S/N ratios and range the N x R variation was partitioned into three
components as shown in Table 7.1.19.

TABLE 7.1.19

Partition of N x R interaction

Source D.F. 8.8, M.S. V.R. Significance

N X R* 9 0.93 OolO - N.s-

R x (between

high and low 3 0.15 0,5 - i N.S.
8/N ratios)

N x R (within "

low S/N ratios) 3 0.64 0.21 1.40 N.S.
N x R (within

high S/N ratios) > 0.1% 0.05 - N.S.
RESIDUAL* 1291 | 44,24 | 0.15

* Values taken from analysis of variance shown in Table 7.1.3
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All three components were found to be non-significant indicating
that there was no interaction between SN ratio and range, elther within
low §/N levels or within high SA levels, and also that there was no
interaction between high and low S/N levels and range. Further analysis
showed that the linear regression component of thls last factor was also
non~significant, It wag clear therefore that there was no difference
between the effect of range on detection performance under conditions of
high S/N ratio and low S/N ratio. Thus the two regression lines shown
in Figure 7.1,5, which illustrates graphically the data glven in Table
7.1.18, do not deviate significantly from parallel. 7These two regression
lines were calculated'separately for the two sets of means in Table
7.1.18. The linear regression and deviation components of the range

variation in each case are shown in Table 7.1.20.

TABLE 7.1.20

Linear regression and deviation components of
range variation under conditions of high and low S/N ratio.

Source D.F. S.8. M.3. V.R. Significance
Range (within

Tow S/N ratios) 3 2,14 0.71 4,73 p< 0.01
linear regression| 1 2.11 2.11 14,07 p< 0,001
Deviation 2 0.03 0.02 - N.8.
Range (within
Wigh SAV ratios) 3 1.56 0.52 3.47 p«: 0.05
Linear regression | 1 1.28 1.28 8.53 p< 0.01
Deviation 2 0.28 0.14 - N.S.
RESIDUAL» 291 44,14 0.15

* This value has been taken from the analysls of variance on the
complete data shown in Table 7.,1.3. The residual mean square
values from the two separate analyses (high S/N levels and low
S/N levels) were not significantly different and therefore it
was appropriate to use the overall value shown.
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FIGURE 7.1.5

The effect of range on detection probability for
(a) high S/N ratios and (b) low S/N ratios.

Detection
probabllity.

0.8 A Fquations of the regression lines:
(a) ¥
(b) ¥

0.730 - 0,073 X
0.615 - 0.094 X

0.7 -

C.5 -~

A\Y
A\

| 1 T T

0 1 2 3 4  Range
(miles)

NOTE The broken line is the regression line relating to all S/N ratios.

The 95% confidence limits of the mean values shown are ¥ 0.11
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For both high S/N and low S/N conditions the linear regression
component is highly significant and the deviation component is non-
significant, However, the deviation component is considerably larger
for the high S/ ratios than for the low S/N ratios, i.e. there is
greater deviation of the mean values about the regression line for high
S/N ratios as can be seen in Figure 7.1.5.

Thus the overall conclusions that can be derived from the data
given in Table 7.1.18 and Figure 7.1l.5 are that:

(a) Detection probability decreases linearly with increasing range

under both high and low S/N conditions.

(b) The two regression lines for detection probability on range under
high and low S/N conditions, are not significantly different in
gradient.

(¢) Detection probabilities are significantly lower at each range
(except 2 miles) under conditions of low S/N than under conditions

of high S/N, the mean decrement being 0.17.
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7.1.5 §/N ratio x targets interaction

The interaction between S/N ratio and targets is not significant
in the analysis of variance shown in Table 7.1.3, i.e. individual
targets are not differently affected by the S/N ratios. The partition
of the total varlation due to the N x T interaction into linear
regression and deviation components is shown in Table T7.1.21,

TABLE 7.1.21

Regression analysis of N x T interaction

Source D.F. S.8. M.S. V.R. Significance
N x T# 33 5.51 0.17 1.13 N.S.
Linear regression 1 1.17 1.17 7.80 p << 0,01
Deviation 32 L =4 | 0.14 - N.S.
RESTDUAL#* 291 | 44.14% | 0.15

# Values taken from analysis of variance shown in Table 7.1,3

It can be seen that the linear regression component is highly signif-
icant. This indicates that the regression lines of detection on S/N ratio
for each of the twelve targets are significantly non-parallel, 1,e, that
there is a significant Interaction between the twelve regression lines.
The deviatien of the mean values about these lines is non-significant.

The twelve targets could, as described in Section 7.1.3, be divided
into two groups, large targets (6) and small targets (6). The difference
between these groups accounted for a high proportion of the total vari-
ation due to targets (see Table 7.1,16). Table 7.1.22 shows the mean
detection probability values for small and large targets under each
condition of §/N ratio, i.e. the twelve mean values for each S/N ratio,
which relate to the overall N x T interaction, have been reduced to two
values for each S/N ratio, representing means for the six large targets

and the six smell targets.
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TABLE 7.1.22

Mean detection probabilities for small and large

targets at each S/N ratio

Number of
SN ratio (dbs) readings on
which each
14 19 24 30 value is
based
Large targets 0.61 0.59 0.81 0.73 48
(6)
Small targets 0.15 0.19 0.27 0.37 48
(6)
Differences O 46%%| O, 40%%; O, 54%%| 0,36«

#% Significant at 1% level, two-tall test.

It can be seen that differences between the mean detection prob-

abilities for large and small targets are highly significant at each

S/N ratio level.

between S/N ratio and target size the total veriation due to the over-

To determine whether there was any interaction

all N x T interaction was partitioned into three components as shown

in Table 7.1.23.
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TABLE 7.1.23

Partition of N x T interaction

Source D.F. s.S. M.S. V.R. Significance
N x T= 33 5.51 0.17 1.13 N.é.
gijzceTarset 5 0.48 0.16 1.07 | N.S.
yET ,(C‘;i;ig) 15 1.68 | 0.11 - N.S.
‘;‘ajgg ,(c:i;ﬁg) 15 3.35 | 0.22 | 1.47 N.S.

RESTDUAL»* 291 44,14 0.15

* Values taken from analysis of variance shown in Table 7.1.3.

All three components of the N x T interaction were found to be
non-significant indicating that there was no interaction between S/N
ratios and targets within either the small target or the large target
groups and also that there was no interaction between S/N ratio and
target size, i.e. no N x ' between small and large targets ' interaction.
Further analysis showed that the linear regression component of this
factor was also non-significant indicating that there was no difference
between the effects of decreasing S/N ratio on large targets and on small
targets. Thus, the two regression lines shown in Flgure 7.1.6, which
illustrates graphically the data given in Table 7.1.22, do not deviate
slgnificantly from parallel. These two regression lines were determined
by calculating the total variation due to ranges separately for the two sets
of data relating to large and small targets. The sums of squares due to
linear regression and the equations to the regression lines could then be
determined. The linear regression and deviation components of the S/N

ratioc variation in each case are shown in Table 7.1.2%4.
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FIGURE 7.1.6

The effect of signal/noise ratio on detection probabilities
for large and small targets.

Detection
probability. Equations of the regression lines:
(a) Large targets: Y = + 0,442 + 0,011 X
(b) Small targets: Y'= - 0,073 + 0,015 X
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NOTE The broken line is the regression line relating to all targets.
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TABLE 7.1.24

Linear regression and deviation components of the S/ ratio
variation for small and large targets

Source D.F, 3.8. M.S. V.R. Significance
SN ratio
{within small 3 1.48 0.49 3.29 p < 0.025
targets)
Linear 1 1.45 | 1.45 | 9.67 | p< 0.005
regression ‘ . y P el
Deviation 2 0.03 C.02 - N.S.
S/ ratio
(within large| 3 1.68 | 0.56 | 3.73 | p<0.025%
targets)
Linear 1 0.82 | 0.82 | 5.47 | p<0.025
regression * : . P ered
Deviation 2 0.86 0.43 2.87 N.S.
RESITUAL* 291 44,14 0.15

* This value has been taken from the analysis of varlance on
the complete data shown in Table T7.1.3. The residual mean
square values from the two separate analyses (large targets
and small targets) were not significantly different and
therefore it was appropriate to use the overall value shown.

For both large and small targets it can be seen .that detectlon
performance is éignificantly affected by S/N retio, In each case the
linear regression component is significant and the deviation component
is non-significant, i.e. for both large and small targets the relationship
between detection probability and S/N ratio is a linear one and the
deviation of the mean values about the regression lines is not significant.
However, as can be seen in Table 7.1l.24 and graphically in Figure 7.1.6,
this deviation is relatively much greater for large targets than for
small targets.

The overall conclusions which can be drawn from this analysis of

the effect of S/N ratios on small and large targets are:
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{a) Detection probability increases linearly with increasing
S/ ratio for both small targets and large targets

(b) The regression lines of detection probability on S/ ratio
for large targets and for small targets do not differ
significantly in gradient, i.e. there is no evidence of an
interaction between S/N ratio and target size.

(¢) Detection probabilities are significantly lower for small
targets than for large targets at each level of S/N ratio

investigated.
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7.1.6 Ranges x targets interaction

The analysis of variance on the detection probability data for
unskilled subjects given in Table 7.1.3 shows that there is a significant
interaction between ranges and targets, i.e. that individual targets are
differently affected by the range conditions. This interaction can be
divided into a linear reéression component and a deviation component
as shown in Table 7.1.25,

TABLE 7.1.25

Regression analysis of R x T interaction

Source D.F. 5.5, M.S. V.R. Significance
R x T* 33 13.63 0.41 2.73 p < 0.001
Linear 1 4.63 4.63 | 30.86 p < 0,001
regression : * * e
Deviation 32 9.00 0.28 1.87 p < 0.01
RESTDUAL* 291 44,14 0.15 |,

* Values taken from analysis of variance shown in Table 7.1.3.

This analysis shows that the interaction between ranges and
targets has a highly significant linear component, 1.e. that the regression
lines of detection probability on range for the twelve targets individually
are non-parallel, This indicates that the targets are differently affected
by increasing range. However, the deviation component of the R x T inter-
action 1s aleo significant. Therefore the deviation of the mean values
about the corresponding regression lines must also be taken into account,
Thus the analysis of this interaction reveals a somewhat confused
situation.

However, the picture can be greatly clarified if the targets are
considered in two groups, large targets and small targets, rather than
individually. Table 7.1.26 shows the mean detection probabilitles at

each range for large targets and small targets.
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TABILE 7.1.26

Mean detection probabilities for large and small
targets at each range

Range (miles) N
1 2 3 4
large targets| 0.87 0.75 0.58 0.52 48
Small targets| 0.33 0.25 0.19 0.20 48
Differences Q.54%% | 0.50%% | 0,39%%| 0,32#x%

N = Number of readings on which each value is based,
#*  Significant at 1% level, two-tail test.

Differences between the mean detection probabilities for large
and small targets were highly significant at each range. However there
appears to be a tendency for this difference to decrease with inereasing
range, i,e. there appears to be some interaction between target size
and range. This was confirmed by further analysis of the R x T inter-
action. The total variation due to this interaction was partitioned
into three components as shown in Table 7.1.27.

TABLE 7.1.27

Partition of R x T interaction

Source D.F. " 3.8, M.S. V.R. Significance
BRx T 33 13.63 0.41 2.73 | p<0.001
R x Target
R X g 3 0.77 0.26 1.73 N.S,
Rx T
(within small| 15 6.30 0.42 2,80 p< 0,001
targets)

Rx T
(within large| 15 6.56 0.44 2.93 p< 0,001
targets)
RESIDUAL» 291 44,14 0.15
H 1

* Values taken from analysis of variance shown in Table 7.1.3.



-

-6%-

It can be seen in this table that the R x T interaction is
significant within both small targets and large targets, i.e. within
each group different targets are differently affected by range. The
interaction between range and target size does not reach the 5% level.
However, when this interaction is partitioned intc a linear regression
and a deviation component, as shown in Table 7.1.28, it was found that
the linear regression component was significant and the deviation
component was not significant.

TABLE 7.1.28

Regression analysis of R x Térget size interaction

Source b.F. S.8. M.S. V.R. Significance
R x Target
size 3 | .77 0.26 1.73 N.S.
Linear .
;e—g—z-_‘-e—g-sion 1 O- 75 0175 S'm P-< 0’05
Deviation 2 0.02 0.01 - N.S.
RESIDUAL* 291 44,14 0.15

* Value taken from analysis of variance shown in Table 7.1.3.

The significance of the linear regressicn component of the
R x Target size interaction ipdicates that large and small targets are
differently affected by increasing range. It can be seen in PFigure 7.1.7
which shows graphically the data given in Table 7.1.26 that the regression
lines of detection probability on range for large and small targets are
not parallel., The significance of the linear regression component of
the R x Target size interaction indicates that the gradients of the two
regression lines are significantly different. The two lines tend to
converge towards longer ranges, i.e. as range increases the difference
between large and small targets becomes less marked. The equations to
the regression lines were obtained by determining the variation due to

linear regression of detection probabllity on range for large and small targets
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separately as shown in Table 7.1.29.

TABLE 7.1.29

Linear regression and deviation components of the range
variation for small and large targets

Source D.F. s.8. M.S. V.R. Significance
Range
(within small| 3 0.60 0.20 1.33 N.S.
targets)
Linear 1 0146 0.46 3.07 | p<o.10
regression :
Deviation 2 0.14 0.07 - N.S.
Range
{within large; 3 3.72 1.24 8.27 p < 0.001
targets)
Linear 1 3.62 3.62  |24.14 | p <0.001
regression : ) * T
Deviation 2 0.10 0.05 - N.S.
i
RESIDUAL* 99 4y 14 0.15

* This value has been taken from the analysis of variance on
the complete data shown in Table 7.1.3. The residual mean
square values from the two separate analyses (large targets
and small targets) were not significantly different and
therefore it was appropriate to use the overall value shown,

It can be seen from this table that the range effect for small
targets is relatively slight and the linear regression component for
this factor fails to reach the 5% significance level, This is illustrated
by the low gradient of the regression line for small targets shown in
Figure 7.1.7. Furthermore, the deviation of the mean values about this
line, although non-significant, is relatively greater than for the
large targets. For large targets the range effect and the corresponding

linear regression component are highly significant and the deviation

component is extremely small.
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FIGURE 7.1.7

The effect of range on detection probability for

(a) large targets and (b) small targets.

Detection
probability ' Equations of the regression lines:
(a) Y = 0.989 - 0.123 X
(b) Y'= 0.354 - 0,044 X
1.0 -1 -
0.8 4
0.6 4
\\ .l. (a)
- —
1 \\
0.4 4 | —_
® —
0.2 4 - q;‘““““-—-____4L ()
0.0 - T T - T
0 1 2 3 4 Range

(miles)

NOTE The broken line is the regression line relating to all targets.
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The overall conclusions which can be drawn from this analysis of

the effect of range on detection probability for small and large

targets are:

(a)

(b)

(e)

Detection probability decreases linearly with increasing

range for large targets and for small targets although for

the latter this effect does not quite reach the 5% significance
level.

The regression lines of detection probabllity on range for

large targets and for small targets have significantly different
gradients and tend to converge towards longer ranges.

Detection probabilities are significantly lower for small

targets than for large targets at each range.
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7.1.7 8/N ratios x ranges x targets interaction

The varlation due to triple interaction between ranges, $/N ratios
and targets is not significant in the analysis of variance on the data
for unskilled subjects shown in Table 7.1.3., Howsver, when this varia-
tion 1s partitioned into linear regression and deviation components the
linear component is highly significant as shown in Table 7.1.30.

TABLE 7.1.30

Regressicn analysis of N x R x T interaction

Sourcg D.F. 3.8, M.S. V.R. Significance
NXRxT 99 16.1% | 0.16 1.07 N.S.
Linear 1 5.25 | 5.25 | 35.00 p < 0.001
regression e
Deviation 98 10.89 0.11 - N.S.
RESIDUAL 291 44,14 | 0,15

The significance of the linear regression component indicates that
the effect of range on detection probability is different for different
combinations of target and S/N ratio, i.e. that the regression lines of
detection probability on range plotted separately for each target and
SN ratio (48 lines altogether) are significantly non-parallel. However,
the deviation of the mean values about the corresponding regression line
is non-significant.

This complex interaction was simplified in the same way as the other
interactions, i.e., targets were dlvided into large and small target
groups rather than treated individually, and the four S/N ratios were
reduced to two.levels, hish and low, The mean detection probabilities

under each of the 16 resultant conditions are shown in Table 7.1.31.
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TABLE 7.1.31

Mean detection probabilities at each range for small
and large targets under high and low 8/N conditions

Range (miles)

N Overall
1 2 3 i}- mean
S8mall targets
High S/N ratio | 0.46 0.29 0.21 0.33{ 24 0.32
Low 3N ratio 0.21 0.921 0.17 0.08 | 24 0.17

g

Large targets
High SN ratio | 0.92 0.83 0.71 0.63| 24 0.77

Low S/N ratio 0.83 0.67 0.46 o.42 | 24 0.60

N = Number of réadings on which each value is based

In Table 7.1.31 differences bhetween the mean values given must
reach 0.19 to be significant at the 5% level and 0.27 to be significant
at the 1% level, It can be seen that, in general, the differences
between values relating to small targets and the corresponding ones
relating to large targets are highly significant at each range.
Differences between values relating to high S/N amd low S/N only reach
the 5% level of significance for ranges 1 and 4 miles for small targets,
and ranges 3 and 4 miles for large targets. However, the differences
between the four overall mean values shown, each of which are based on
96 readings, are all highly significant.

The total variation due to the R x N x T interaction could be
divided into ten main components relating to the various interactions of
range within and between large and small targets, and within and between
high and low S/N ratios. However, only one of these components, that
relating to the interaction between range, large and small targets,
and high and low S/AN ratios, is of importance. The variation due to

this interaction is shown in Table 7.1,32.
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TABLE 7.1l.32

Partition of N x Rx T Interaction

Source D.F. 5.85. M.S. V.R. Significance

N x Rx T* 99 16.14 0.16 - N.S.

N (between high
and low) x Rx 7T

(between large 3 0.47 0.16 - N.S.
and small)

Other components 96 15.67 0.16 - N.S.
RESIDUAL* 291 44,14 0.1l5

e

* Values taken from analysis of variance shown in Table 7.1.3

It can be seen that R x N {between high and low) x T (between
small and large) interaction is non-significant, as is the overall
effect of the remaining hine components. Further analysis showed that
the linear regression component of the interaction was also nonw-
significant. This indicates that the four regression lines shown
in Figure 7.1.8 do not deviate significantly from parallel, i.e. that
large and small targets, under high and low S/N ratio conditions, are
affected in the same way by range.

Separate analyses were carried out on the data for each of these
four conditions to determine the significance of the linear regression
and deviation components of the range variation. The results of these

analyses are shown in Table 7.1.33.
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FIGURE 7.1.8

The effect_of range on detection probability for large and
small targets under conditions of high and low S/N ratio.

Equations of the regression lines:

large targets

(a) High S/N ratio, Y = 1.021 - 0.100 X
etection (b} Low S/N ratio, Y = 0.959 - 0.146 X
obability.
Small targets
(¢) High S/N ratio, Y = 0.438 - 0,046 X
0 (d) Low S/N ratio, Y'= 0.272 - 0,042 X
.8 4
.6
.4
, 2 -
'.0 T |} ] |
0 1 2 3 4  Range
(miles)

NOTE The confidence limits of the mean values shown are ¥0.16. Values
shown @ are those for large targets and those shown o are for
small targets.

The broken line is the regression line relating to all targets and
S/N ratio conditions.
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TABLE 7.1.33

Regression analysls on the range variation for

small and large targets under conditions of high and low §/N ratio

Conditions Source D.F. 3S.5. M.S. V.R Significance
Large Ranges 3 1.21 | 0,40 | 2.67 | p<0.05
targets

Linear 1 1.20 | 1.20 8.00 p<0.005
High S/ regression
ratic

Deviation 2 0.0l | 0,01 - N.S.
Large Ranges 3 2.70 | 0.50 6.00 p<0.001
targets

Linear 1 2,27 | 2.27 115.13 p<0.001
Low SN regression
ratio

Deviation 2 0.43 | 0.22 1.47 N.3.
Small Ranges 3 0.78 | 0.26 1.73 N.S.
targasts

Linear 1 0.25 | 0.25 1.67 N.S.
High SN regression
ratio

ngiation 2 0.53 0.27 1.77 N.S,
Small Ranges 3 0.25 | 0.08 - N.S;
targets

Linear 1 0.21 | 0.21 1.4 N.S
Low S/N regression
ratio

Deviation 2 0.04 | 0.04 -~ N.S.

RESTIDUAL* 291 4414 10,15

*# Value taken from analysis of variance shown in Table 7.1.3, i.e, the
variance ratios have been calculated relative to the overall residual

variance for the complete data.

It can be seen from this table that for large targets under both high

and low SAN ratio conditions there is significant linear regression of

detection probability on range, i.e. regression lines (a) and (b) in

Figure 7.1.8 have significant gradients.

Furthermore, the devliation of

the mean values about these regression lines is non-significant., For

small targets the linear regression due to range 1s non-significant under
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conditions of both high and low S/N ratio, i.e. regression lines (c)
and {d) both have non-significant gradients.

This result appears to be slightly anomalous since there is no
evidence that the gradients of the four regression lines are significantly
different. However, it can be seen in Figure 7.1.8 that regression lines
(¢) and (d) show a tendency for detection probability to decrease with
increasing range, as would be expected. The fact that this effect does
not reach the 5% significance level is most likely to be due to the sub-
division of the original data into four parts. This results in each value
being based on only one quarter as many readings with consequent reduction
in significance levels. Had more readings been available the linear
regression components would almost certainly have been significant
(e.f. line (b) in Figure 7.1.7 which has a very similar gradient but is
based on twice as many readings and only Just fails to reach the 5%
significance level. This line can be regarded as the mean of lines (c)
and (d) in Figure 7.1.8). In each case the deviation components - shown
in Table 7.1.33 are non-significant, i.e. there is no evidence of a non-
linear relaticnship between detection probability and range. The deviation
of the mean values about line (¢) is however relatively large as can be
seen in Table 7.1.33 and Figure 7.1.8.

Since the gradient of line (b) in Figure 7.1.8 appeared to be slightly
steeper than those for the other three lines a further analysis was carried
out to determine whether, within the large target group, there was a
significant interaction between range and high and low S/N ratios, which
was not apparent in the overall data. However, this interaction did not
reach significance when tested against the overall residual varlation.

As shown 1in Table 7.1.31, for large targets the difference in detection
probabilities for high and low S/AN ratios is non-significant at the 1 and

2 miles ranges, but significant at the 3 and 4 miles ranges. This indicates
that there is some divergence between the lines. For small targets the

regression lines were almost exactly parallel and there was no interaction
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between range and high and low S/N ratios.

The overall conclusions that can be drawn from this analysis of the

triple interaction between high and low SA ratios, ranges and large and

small targets are that:

(a)

(b)

(e¢)

(d)

There is no evidence that the four regression lines shown in
Figure 7.1.8 differ éignificantly in gradient. There is also neo
evidence that, when considered separately, either the uppér pair of
lines, relating to large targets under high and low S/N ratios, or the
lower pairs of lines, relating to small targets under high and low S§/N
ratios, deviate significantly from parallel.
Detection probability decreases linearly with range for all four
conditions although for small targets under both high and low S/
conditions the effect does not reach £he 5% significance level,
Detection probabilities assoclated with large targets are significantly
higher at each range than the corresponding ones relating to small
targets, Differences between detectian prohabilities at each range for
high and low SN ratios tend to be smaller and are not always significant.
In particular, the difference is not significant for large targets at
ranges 1 and 2 miles.
Since this analysis involved dividing the data into four parts
significance levels tend to be lower because of the small number of

readings involved in each mean,
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7.1.8 1logit analysis

The raw data on detection probabilities shown in Table 7.1.1 and
T.1.2 were not altogether suited to the conventional analysis of variance
techniques used since there were only two responses in each cell and each
response could only take cne of two values, 0 or 1. As in previous exper-
iments the results obtalined from the conventional techniques were
compared with those found from a more sophlisticated technique, logit
analysis,

The model used in this méthod is that the probability, P, of a
correct detection is related to the factors tested by the following

miltiple regression equation:

Y=Logitp=%1n.lljp => bx,

In this equation the x values are constants relating to the experimental
conditions and the b values are the correspozding regression coefficients
derived by successive approximations.

The results of this analysis were in close agreement with those
determined by the conventlonal techniques. The Loglt analysis showed
that the linear effects of SN ratiocs and ranges were highly significant,
It also showed that the quadratic compcnents of these effects were non-
significant, as was found by conventional techniques, However, a chi-
square test, based on the observed and expected frequencies in each cell,
suggested that there was some lack of goodness of fit of the model which
could possibly have been lmproved by the introduction of a cubic effect
of §/N ratio.

Differences between targets were also found to be highly significant
in the Loglt enalysis. There was however a slight discrepancy between
the two methods of analysis in that the Logit analysis indicated that
even the largest gap between the ranked responses (that between Target
20 and Targets 15 and 10) was not significant whereas the conventional

analysis indicated that this difference was significant at the 5% level.



Thus on the basis of the Ioglt analysis it was not nossible to divide
the targets clearly into groups although there were highly significant
differences between the group of targets with the highest detectiqn
probabilities and those with the lowest., This diccrepancy could have
arisen from the fact that the Logit analysis was based on 192 cell
totals relating to the number of correct detectlons out of 2, the
maximum possible in each cell, whereas the conventional analyses of
variénce took account of variation between the individual cell readings.
In general the results cobtained from the two methods 6f analysis
agreed very closely, as was found in previous experiments. The Iogit
analysis, which was carried out by Professor P.Armitage of the London
School of Hygiene and Troplical Medleine, is shown in full in Appendix

11T,
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T.2 BSearch times

Tn this experiment the search time was taken to be the time required,
in seconds, for the subject to view the television display before making a
response indicating that he had located the target, whether correctly or
incorrectly. 8Since a static method of simulation was used, these search
times are not directly applicable to the alrborne situation. However,
analysis of the times is of interest in indicating the time required to
locate the target under the different conditions studied.

Tables 7.2.1 and 7.2.2 show the search time data for unskilled and
skilled subjects respectively. Analyses of variance were carried out on
each of these sets of data and the results are shown in Table 7.2.3 and
Table 7.2.4 respectively. It can be seen in Table 7.2.3 that for unskilled
subjects target differences have a highly significant. effect on search
times but that the other main factors, signal/noise ratios and ranges,
are non-significant. However, it should be noted that the range effect
only Just fails to reach the 5% level. Only one of the interactions,
ranges x targets, 1s significant. This indicates that the twelve targets
are differently affected by the range conditions.

For skilled subjects none of the main factors or the interactions are
significant. This result is most likely to be due to the relatively small
niumber of skilled subjectzs. For both groups of subjects the results of
these analyses are closely similar to those found in Experiment T, (see
Appendix T).

In the following sections each of the main effects is considered in
greater detail and the significant interaction between ranges and targetg
is also further analysed. The remaining interactions (N x R, N x T and
N x Rx T) have not been analysed in detail as they are non-significant
and, since the main effect due to S/N ratios is also non-significant, the

partitioning of these interactions was not thought to be worthwhile,
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TABLE 7.2.1
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Search times for unskilled subjects.
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TABLE 7.2.2

Search times for skilled subjects

TARGETS
s/N
Range ratio 3 1% 17 16 15 13 1 20 18 6 5 9
(miles) | (d»s)
1% } 16,0 4.4 67.4 12,4 16.2 13.0 15.0 1.0 13.2 12.2 15.0 1.2
1
24 | 3.6 3.815.616.011.6 6.6 2,4 5.6 3.8 25.8 32,0 3.0
14 | 44 2.829.2 9.4 30.2 9.6 18.0 18.0 23.0 2.2 35.2 14.8
2
ek | 3.8 8.4 8.211.223.428.2 46.6 6.2 9.4 25.8 32,0 4.4
14 | 7.4 1.8 19.0 2.8 9.6 18.6 18,4 6.2 35.4 3.4 15.2 11.6
3
24 | 23.4 3.6 15.8 23.0 2.8 14.4 22.6 20.0 8.2 6.6 4.0 34.0
14 | 15.6 16.4 33,0 4.2 33.8 11.8 22.4 32,4 39.4 15.0 19.6 5.2
4 -
24 119.019.0 31.421.2 5.2 34,8 4.8 13,6 4.0 8,6 55.4 8.2

1

All values given in seconds
Values underlined relate to incorrect decisions
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TABLE 7.2,3

Analysls of variance on search time data for unskilled

subjects shown in Table 7.2.1

Source DI 3.5, M.S. V.ER. - Significance
S/N ratio (N) 3 41.88 13.96 - N.S.
Ranges (R) 3 377.85 | 125.95 |2.18(b) | (p < 0.10)
Targets (T) 11 3420.56 | 310.96 | 5.37(v) p. < 0.005

| N xR 9 349. 74 38.86 - (v N.S
NxT 33 1752.63 53%.11 - (b) N.S
Rx T 33 3306.60 100.20 1.73(b) p < 0,01
RxNxT 99 [ _3868.92 L 39.08 - (a) | N.S
Residual 192 | 12967.92 67.54(a)

Pooled residual | 291 | 16836.84 57.86(b)

(Residual +
Rx N x T)

TOTAL 383 128068.10
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TABLE 7.2.4

Analysis of' variance on search time data

for skilled subjocts Shown in Table (.2.2

Source D.F. 5.5, M.S. V.R. Significance
S/N ratio (N) 1 17.51 17.51 - {1 N.S.
Ranges (R) 3 672.84 | 224,28 1.16(b) N.S.
Targets (T) 11.! 3199.97 | 290.91 1.50(Db) N.S.
N xR 3 181,93 60.64 - (a)| N.S.
NxT 11 | 2671.59 | 242.87 - {a) N.S.
Rx T 33 | 4142.69 | 125.54 - (a) N.S.
Residual 33 | 8528.87 | 258.45(a)

Pooled residual 80 [15525.08 | 194.06(b)
(Residual +
Nx R, NxT,
Rx T)
! i
TOTAL 95 [19415.40
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7.2.1 The effect of signal /moise ratio on search times

For both unskilled and skilled subjects the effect of /N ratio on
search times was non-significant. The mean search times associated with
each S/N ratio are shown in Table 7,.2.5. All search time values are
given in seconds.,

TABLE 7.2.5

Mean search times at each SN ratio

S/N ratio (dbs)
14 19 24 30
Unskilled
subjects 10.8 11.5 10.8 11.4
Skilled
subjects 16.3 15.4

It can be seen in this table that for unskilled subjects there is
very little difference between the mean search times for the four S/N
ratios, The differences between each palr of values were non-significant,
which confirms the resuliis of the analysis of variance. The differences
between the two values obtained for skilled subjects was also non-
significant.

The difference between the values for skilled and unskilled subjects
was significant at the 5% level for the 14 dbs S/N ratio and was close to
the 5% level for the 24 dbs SN ratio. In each case the skilled subjects
required a longer time to search the display than the unskilled subjects.
Thig is an interesting result as in Experiment I, which also involved the
use of skilled subjects, it was found that these subjects took significantly
shorter time to search the display than did the unskilled subjects,
Whereas the mean search time for unskilled subjects found in the present

experiment is slightly less than that found in Experiment I, the mean value
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For the slkilled subjecbs hias almost doubled. It seemrs likely that
this difference arises from differences in experience or motivation
between the two groups of skilled subjects,

No regression analysis was carried out on the dnta for unskilled
subjJects shown in Table 7.2.5 since it can be seen in the analysis of
variance in Table 7.2.3 that the variation due to SN ratio is extremely
small, Inspection of the mean search times at each $/N ratio suggests
that the gradient of the regressioﬁ line, and hence the sum of squares
due to linear regression, wéﬁld be very close to zero, Furthermore,
there was clearly very little vé;iéﬁion'between high and low 8/N ratios

and thils partltion analysis was therefore not carried out.

T.2.2 The effect of range on search time,

The effect of range on search time was‘non-significant for skilled
subjects and only reached the 10% level for unskilled subjects. The
mean search time values at each range are shown in Table 7.2.6.

TABIE 7.2.6

Mean search times at each range.

Range (miles)

Unskilled subjects 10.0 10.8 10.9 12,7 96

Skilled subjects 13.2 16.9 13.7 19.7 o

N = Number of readings on which each value is based.

It can be seen that for unskilled subJjects the mean search time at
range 4 miles is considerably higher than the values for ranges 1, 2 and
3 miles. There were significant differences between the mean search times

for ranges 1 and 4 miles (p<0.01) and 2 and 4 miles (p<0.05). Otherwise



all differences were non-significant. For the skiiled subjects, who

were exposed only to S/N ratios of 14 and 24 dbs, there were no significant
‘differences between range means. Furthermore there is no consistent trend
of search time increasing with range as found in previous experiments.
However, these values were based on only one gquarter as many readings as
those for unskilled sublects and therefore are less likely to be reliable.
A similar inconsistency was found in the detection probabkility values for
skilled subjects at-each range (see Section 7.1.2).

To compare the mean search times for skilled subJects with those for
unskilled subjects it was again necessary to extract the appropriate data
(i.e. that relating only to S/N ratios 14 and 24 dbs) from the complete
data for unskilled subjects. Although the values relating to skilled
subjects were higher than those relating to unskilled subjects at each
range none of the differences reached significance., Two difference values,
those for ranges 2 miles and 4 miles, were however very close to the 5% level.

A comparison was also made between mean search times at each range for
the unskilled subjects 1n Experiment I, i.e. under conditions of photographic
presentation, and those in the present experiment. The two sets of values
are shown in Table 7.2.7. These values relate only to the original seven
targetshused in Experiment I and to ranges 1 - 3 miles.

TABLE 7.2.7

Mean search times at each range under conditions
of photographic and television presentaticn

Range (miles) Overall
. N
) mean
1 2 3

Photographic
presentation 9.7 12.1 14,0 4o 11.93
Television
preasentation 8.2 11.7 9.2 56 .70
Differences 1.5 | 0.4 4, 8xx 2.23*

N = Number of readings on which each range mean is based.
* Significant at 5% level, two-tail test.
#%* Significant at 1% level, two-tail test.
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It can be seen that the values relating to television presentation
are not entirely consistent and also that the differences between
photographic and television presentation are non-significant, except
at range 3 miles., This is likely to be a chance discrepancy and little
importance should be attached to it. This difference also contributes
largely to the difference between the overall means for the two present-
ation modes. Again, the difference should not be taken too seriously,
particularly as different groups of subjects were involved.

For unskillied subjects the range variation was further analysed by
calculating the value of the linear regression component as shown in
Table 7.2.8.

TABLE 7.2.8

Regression analysis of range variation

Source D.F, S.8. M.S. V.R. Significance
RANGES#* 3 377.85 | 125.95 2.18 {(p < 0.10)
Linear
Tegression 1 330.67 |330.67 5.72 p < 0.025
Deviation 2 7.1 23.55 - N.S,
RESIDUATL* 291 16836.84 57.86

*Values taken from analysis of variance shown in Table 7.2.3.

It can be seen from this table that the linear regression component
of the range variation is highly significant, 1.e. there is a basically
linear relationship between range and search time. The regression line
of search time on range 1s shown in Flgure 7.2.1 together with the actual
mean values for unskilled subjects. The deviation of these mean values
about the regression line is nor~significant, as also shown in Table

7.2.8.
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FIGURE 7.2.1

The effect of range on search time.

Jearch time
{seconds)

5.0 =

), 0

13, 0=

1 2.0 =

1.0

0.0~

9.0

Equation of regression line:
8.0 < Y =9.05+0.85X

2\
AN

(miles)

NOTE This diagram relates only to unskilled subjects,
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7.2.3 The effect of target differences o¢n search times

The mean search times for targets are shown in rank order in
Table 7.2.9. These values relate only to unskilled subjects.
TABLE 7.2.9

Mean search time for each of the twelve targets

Target Mean search time i Ranking
14 5.36 1
3 7.66 2
9 9.12 3
15 9.39 4
16 9.61 5
20 10.15 6
10 11.99 7
17 12,41 8
13 12,69 9
1 13.53 10
6 15.48 11
5 15.79 12

It can be seen that there is a wide variation in mean search times.
In general shorter search times are associated with larger targets. The
rank order of the targets based on mean search times was compared with
the rank order based on detection probabilities (see Table 7.1.13}, It
was found that there was a highly significant correlation between detection
probability and search time (Kendall's tau = 0.73, p=<0.001), i.e. those
targets which were associated with high detection probabilities tended to

be assoclated alsc with low search times and vice versa.
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For skilled.subjects the mean search times tended to be higher for
each target than those for unskilled subjects. However, wiien the values
were compared with the appropriate data for unskilled subjects (i.e. that
relating only to S/N ratios of 14 and 24 dbs), it was found that only in
one case (Target 17) was this difference significant, Furthermore, there
was a high degree of correlation between the rank orders of the targets
according to mean search times for skilled and unskilled subjects (tau =
0.63, p<0.01). As for unskilled subjects, a correlation was found
between high detection probability and low search time in the data for the
skilled subjects (tau = 0.58, p<0.0l).

Only in one case was a significant difference found between the mean
search times for the original seven targets viewed under conditions of -
photographic presentation (Experiment I)and television presentation., This
cne instance was Target 15, for which the mean search time under conditions
of television presentation was approximately half that found under
conditions of photographic presentation.

Mean search times for the targets were further analysed by calculating
the difference between each palr of values. These differences together
with their associated significance levels are shown in Table 7.2.10.

These values relate only to unskilled subjects.
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TABLE 7.2.10

Differences bhetween mean search times for taprgets

Targets | 14 3 g 15 16 20 1o 17 13 1 6 5
14 ‘ 2.30 3.76 4.03 4.25 4,79 6.63% 7.05 7.33 8.17 10.12 10.43
3 1.46 1.73 1.95 2.49 4.33 4.75 5.03 5.87 7.82 8.13
9 0.27 0.49 1.03 2.87 3.29 3.57 L4l 6.36 6.67
15 0.22 0.76 2.60 3.02 3.30 4.14 .g:cg .-6—.176
16 0.54 2.38 2.80 3.08 3.92 ;ZSE @.
20 1.84 2,26 2.54 3,38 5 ;i_—l;
10 1 0.42 0.70 1.54 ;74; 3_8?)-
17 0.28 1.12 3.07 3.38=

13 0.84 2.79 3,10
1 1.95 2.26
6" C.31
5

Differences which are significant at 5% level are shown by single
underlining, and those which are significant at 1% level by double
underlining.

It can be seen that the three easiest targets (Targets 14, 3 and 9)
have significantly shorter search times than the three most difficult ones,
(Targets 1, 6 and 5). Differences between the six remaining targets,
which form the central group, are smaller and in general are not significant.
Figure 7.2.2 shows the mean seerch times for each target in the form of a
histogram and the main significant differences between targets are indicated
by the shadings;

For the unskilled subjlects target differences were further investi-
gated by partitioning the total variation due to target differences,
shown in the analysis of variance in Table 7.2.3, into three components
representing the variation between large and small targets (i.e. that
due to target size), and the variation within large targets and within

small targets, This partition is shown in Table 7.2.11.
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TABLE 7.2.11

Partition of target variation

Source - | D.F, 3.8. M,S. V.R. Significance
TARGETS* L 11 L 3420.56 | 310.96 | 5.37 | p < 0.005
Target size 1 1720.98 {1720.98 |29.74 | p < 0.001
Targets
{within small 5 878.44 } 175.69 3.04 p < 0.025

targets)

Targets

(within large 5 821.14 | 164.23 2.84 p < 0.025
targets)

RESIDUAL* 291 116836.84 57.86

*Values taken from analysis of variance shown in Table 7.2.3,

The mcst signdficant source of variation shown in Table 7.2.11 is
the target size, i,e, variation due to differences between large and
smzll targets. However, there is alsoc significant variation due to
differences between individual targets within the large and small target
groups. The variation within the group of small targets is not signif-~
icantly different from that within large targets. The interaction

between target size and range is analysed in Section T7.2.4,

7.2.4 Ranges x target interaction

The analysis of variance on the search time data for unskilled
subjeéts given in Table 7.2.3 shows that there is a significant inter-
action between ranges and targets, i.e. that individual targets are
differently affected by the range conditicons. This interaction can be
divided into a linear regression and a deviation component as shown in

Table 7.2.12.
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TABLE 7.2.12

Regression analysis of R x T interaction

Source D.F. S.5. M.S. V.R. Significance
R x T* 1 33 3306.60 100.20 1.73 { p< 0.0l
Linear . l 1 1200.87 | 1200.87 | 20.75 | p < 0.001
regression . e : y E_x oV
Deviation 3 2105.73 65.80C 1.14 N.S.
RESTDUAT* 291 16836.84 57.86

#* Values taken from the analysis of variance shown in Table 7.2.3.

This table shows that the linear regression component of the Rx T
interaction is highly significant, 1.e. that the regression lines of
search time on range for the twelve targets individually are significantly
non-parallel., The deviation component of this interaction is non-
significant and thus the mean values do not deviate significantly about
the regression lines.

This interaction was simplified by dividing the targets into large
and small target groups and considering the effect of range on each group
rather than on each target individually. The mean search times at each
range for the large and small target groups are shown in Table 7.2.13.

TABLE 7.2.13

Mean search times for large and small targets at each range

Range (miles)
N
1 2 3 4
Targe targets| 7.52 8.03 g.46 10.92 | 48
| sma1l targets|12.42 | 13.58 12,44 14,46 | 48
; Differences L go*x]| 5 51%x% 2.98* 3.54%

N = Number of readings on which each wvalue is based.
** Significant at 1% level, one-tail test.
*  Significant at 5% level, one-tail test.
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Differences between mean search times for large and small targets
were significant at each range. There appeared to be some tendency for
these differences to be smaller at longer ranges but the further analyses
shown below indicated that this range x target size interaction was non-
significant,

The total varlation due to this interaction was divided into three
components as shown in Table 7.2.14.

TABLE 7.2.14

Partition of R x T interaction

Source D.F, 3.8. M.S. V.R, Significance
R x T* 33 3%06.60 | 100.20 1.73 N.S.

Rx T (within
small targets) 15 2323.27 | 154,88 2.67 p < 0,001
Rx T {within

large targets) 15 883.89 58.93 1.02 N.S.

RESIDUAL* 21 |16836.84 57.86

*Values taken from analysis of variance shown in Table 7.2,3,

This analysis shows that the interaction between range and target size
is non-significant, l.e. that mean search times associated with the two
groups of targets, large and small, are not differently affected by the
range conditions., Within the group of small targets there 1s a highly
significant interaction between ranges and targets, i.e. different small
targets are differently affected by range. Within.the large target group
this Interaction is non-significant.

A regression analysis carried out on the range x target size inter-
action showed that both the linear and the deviation components of the
variation were non-significant. Thus, the two regression lines shown in

Figure 7.2.3 do not deviate significantly from parallel. These regression



<93~

FIGURE 7.2.3

The effect of range on search time for

(a) small targets and (b) large targets.

Search time
(seconds)

16.0 -

Equations of the regression lines:
{(a) Y=11.9 + 0.50 X
» (b) Y'= 6.08 +1.16 X

(miles)

NOTE The broken line is the regression line relating to all targets.
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lines were calculated from the two sets of mean search times shown in
Table 7.2.13, i.e. those for large and small targets, and analyses were
also carried out to determine the significance of the linear regression
and deviation components. These analyses are shown in Table 7.2.15.

TABLE 7.2.15

Regression analysis on the range variation for small
and large targets

Source D.F. S.8. M.S. V.R. | Significance
Range (within

small targets) > 139.22 46.41 - N.S,
Linear
regression Lo 60.85 60.85 | 1.05 N.S.
Deviation 2 78.37 39.18 _ N.S.
Range (within
Linear P
regression 1 32h.62 324.62 | 5.61 p < 0.025
Deviation 2 12.78 6.39 - N.S.
RESIDUAL* 291 {16836.84 57.86

*+ Value taken from analysis of variance shown in Table 7.2.3. The
residual mean square values determined from the separate analyses
of variance on large and small targets were not significantly
different and therefore it was appropriate to use the overall value
shown.

This table shows that within small targets the overall range effect
is non-significant, as are the linear regression and deviation components.
Thus the gradient of line (a) in Figure 7.2.3 is non-significant and,
although there appears to be some deviation of the mean values about the
line, this is also non-significant. Within large targets the overall
range effect 1s non-significant but the linear regression compenent is

significant, i.e. line (b) in Figure 7.2.3 has a significant gradient.



=05

As would be expected mean search time increases with increasing

range. The deviation of the mean values about this lire is negligible.
These results show the same type of anomaly as found in Section

7.1.7, i.e. two regression lines, one of which has a significant gradient

and one of which does not, do not deviate significantly from parallel.

The explanation of this again lles in the fact that there is g range

effect in each case but for small targets this effect is slight and does

not reach significance relative to the overall residual variation and

the number of readings available. The most appropriate interpretation

of these results is therefore that range does have an effect on search

time and there is no evidence from these data that this effect is different

for large and small targets.
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7.3 Confidence levels

After each target identification a confidence level Judgment was
recorded,. Tpis was a subjective measure on a seven-peint scale of the
degree to which the sublect was certain of the correctness of his judg-
ment. High values were assocciated with high confidence of a correct
detection,

The raw data on these confidence levels are shown in Tables 7.3.1
and 7.3.2 for unskilled and skilled subjects respectively. The corre-
sponding analyses of variance are shown in Table 7.3.3 and 7.3.4. For
the unskilled subjects the analysis of variance shows that confidence
levels are significantly affected by each of the main factors, S/
ratios, ranges and targets. PFurthermore there are significant inter-
actions between S/N ratios and targets and between ranges and targets.
For the skilied subj)ects the levels of significance are lower and only
targets are highly significant. The effect of 8N ratio reaches the 5%
level but ranges and all the interactions between the main factors are
non-significant, These results are in good agreement with those found
in Experiment I, except for the significance of the two interaction terms
found for unskilled subjects in the present experiment, but not previously.

The effects of the main factors and the significant interactions

are consldered in greater detail in the following sections.
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TABLE 7.3.1

Confidence level scores for unskilled sublects

Range

(miles)
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Valnes underlined relate to 1ncorrect detections.

assoclated with high confidence of a correct detection.
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TABLE 7.3.2

Confidence level scores for skilled subjects

S/N
Range ratio TARGETS
(miles) | (dbs)| 3 1% 17 16 15 13 1 20 10 6 5 9
Wl % o 4 ¥ 3 3 7 6 2 3 7
1
4 l7 v 3 6 7 6 6 7T 7T 5 3 7
{6 7 1 2 4 7 2 2 2 1 3 5
2
by7 7T 3> 6 2 6 2 7 3 2 2 7
mwi6e 7 2 7 4 2 7 6 3 4 2 2
)
46 7 2 32 1 6 2 5 1 4 1 *
. mwtée 7 2 3 2 3 3 2 4 7 2 7
%13 5 6°3 3 2 6 6§ 2 5 3 5

Values underlined relate to incorrect decisions.
High values are associated with high confidence of a correct detection.
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TABLE 7.3.3

Analysis of variance on confidence level data for

unskilled subjects shown in Table 7.,3.1

Source D.F. 3.8, M.S, V.R. Significance
/N ratios (N) 3 12,42 4.14 | 3.18(b) |p < 0.025
Ranges (R) 3 35.85 | 11.95 |9.19(b) [ p < 0,001
Targets (T) 11 | 173.80 | 15.80 {2.15(b)|p < 0.001
N xR 9 15.03 1.67 1.28(b) N.S.
NxT 33 77.88 2.36 1.82(b) | p=< 0.01
Rx T 33 140.91 4,27 3.28(b) { p = 0.001
NxRxT 99 141,57 1,43 1.16(a) N.S.
Residual 192 236.24 1.23(a)

Pooled residual | 291 377.81 1.30(b]
(Residual +

NxRxT)

TOTAL 385 | 833.70
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TABLE 7.3.4

Analysls of variance on the confidence level data
for skilled subjects shown in Table 7.3.2

Source D.F. 3.8, M.3, V.R. Significance
S/N ratios (N) 1 13.50 13.50 3.17(b) | p < 0.05
Ranges (R) 3 14,25 4.75 1.47(b) N.S.
Targets (T) 11 115.25 10.48 3.23(b) | p < 0.005

{ N x h 3 9,08 3.03 - (a) N.S,
NxT 11 19.75 1.80 - (a) N.S.
Rx T 23 111.50 3.38 - {(a) N.S.
Residual 33 118.67 3.60(a)

Pooled residual | 80 259,00 3.24(b)
(Residual +

N xR

NxT

RxT)

TOTAL 95 402.00
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7.3.1 The effect of S/N ratio on confidence level

The mean confidence levels for unskilled and skilled subjects

under each S8/N ratio condition are shown in Table 7.3.5.

TABLE 7.3.5

Mean confidence levels under each condition of S/AN ratio

S/N ratio (dbs)

14 19 24 30
Unskilled subjects 4.4%0 | 4,81 | 4.83 4,78
|
Skilled subjects 4,13 - 4.88 s

It can be seen from this table that there is good agreement between
the values relating to the unskilled subjects and the corresponding
values relating to the skilled subjects. However, the range of the mean
values for both groups of subjects is very small compared with the over-
all range of the scale (1 - 7). For the unskilled sublects the mean
confidence level assoclated with the 14 dbs S/N ratio is significantly
lower than those for the other S/N ratios. The two values for sgkilled
subJects (relating to the 14 and 24 dbs S/N ratios) are alsc significantly
different. Otherwise all differences between means for the SA ratio
conditions and also differences between unskilled and skilled subjects
are non-significant,

A regression analysis was carried out on the data shown in Table
T«3.5 for unskilled subjects to determine the extent to which the
relationship between mean confidence level and I9/N ratio was linear.

This analysis is shown in Table T7.3.6.
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TABLE 7.3.6

Regression analysis of S/N ratio variation

Source D.F, 3.58. M.S. V.R, Significance
/N _RATIO* 3 1242 4,14 4 3.18 + p<0.025
ILinear _
;EEFE-S.Sion 1 6.21 6.21 4,78 p=0.05
Deviation 2 6.21 3.11 2.39 (p<0.10)
RESTDUAL* 291 377.81 1.30

* Values taken from the analysis of variance shown in Table 7.3.3

It can be seen from this analysis that the linear regression component
of the S/N ratio variation 1s significant at the 5% level, 1.e. that the
relationship between confidence level and SAN ratio is basically a linear
one, However, the deviation component reaches the 10% significance level,
which suggests that there is a tendency for the mean values to deviate
ahout the regression line. Thls can be seen In Figure 7.3.0 in which the
regression line for unskilled subjects and the actual mean values for
unskilled and skilled subjects are shown. A comparison of these data with
those relating to detection probabilities at each SAN ratio (Seetion 7.1.1)
indicates that both detection probabilities and mean confidence levels
decrease with decreasing S/N ratio. Thus, in general, deterioration in
actual performance is associated with a deterioration in the observer's
subjective assessment of his performance, However, whereas the significant
deterioration in detection performance occcurs between the 19 and 24 dbs
levels the significant fall in confidence level takes place between the
14 and 19 dbs levels, Thus, it appears that although the subjects'
performance deteriorates significantly at S/N ratios of 19 dbs and lower
the subjects themselves are not aware of this deterioration until the SN

ratio has fallen to 14 dbs.
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FIGURE 7.3.0

The effect of signal/noise ratio on confidence level.
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D o Egquation of regression line:
Y = 4,251 + 0,021 X
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y/4
I L ] 1 1

14 19 24 30 S/N ratio
(dbs)

@® Unskilled subjects.
¢ GSkilled subjects.

NOTE The regression line is based only on the values relating to
unskilled subjects,
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Since the significant fall in confilidence level did not take place
between the 19 and 24 dbs level it was not appropriate to partition
the S/N ratio variation into components relating to variation within
and between the high and low levels of S/N ratio, as was done in the
case of detectlon probabilities, However, a partition analysis was
carried out to determine the extent to which the total variation due
to S/N ratios was accounted for by the difference between the value at
14 dbs and the other three values. This analysis is shown in Table 7.3.7.
TABLE 7.3.7

Partition of S/N ratio variation

Source D.F. 3.8. M.S. V.R. Significance

S/N RATTO* 3 12,42 4,14 3.18 | p<0.025

Between 14 dbs

level and the 1 12.29 12,29 9,45 p< 0.005
19, 24, 30 dbs . T
levels

Within the 19,

24 and 30 dbs 2 0.13 0,06 - N.S5.
Jlevels

RESTDUATL* 291 377.81 1.30
I_

* Values taken from the analysis of variance shovm in Table 7.3.3

It can be seen from this analysis that almost the whole of the variation
due to S/NN ratio was due to the low value associated with the 14 dbs SN
ratio. Thus, the significance of the overall effect due to §/N ratio is

very largely due to this one value,
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T.3.2 The effect of range on confidence level

The analyses of variance shown in Tables 7.3.3 and 7.3.4
indicate that range has a significant effect on confidence level for
unskilled subjects but that for skilled subjects this effect fails
to reach significance., The mean confldence levels at each range

for both groups of subjects are shown in Table 7.3.8.

TABLE 7.3.8

Mean confidence levels at each range

Range (miles)

Unskilled subjects 5.13 | 4,80 | 4.62 | 4.28

Skilled subjects 5.04 | 4,25 { 4.67 | 4.05

For unskilled subjects there were significant differences
between each pair of range means except the 2 and 3 mile ranges. As
would be expected mean confidence levels decreased with increasing
range, For skilled subjects there was a similar but less consistent
trend which was not significant. Even the largest difference 1i,e.
that between 1 and 4 miles, failed to reach significance, but these
means were based on only one quarter as many readings as those for
the unskilled subjects., Differences between the means for the skilled
subjects and the corresponding values for unskilled subjects
(i.e. those relating only to S/N ratios of 14 and 24 dbs) were non-
slgnificant at each range.

A comparison was also made betweeen the mean confidence levels
at each range under conditions of photographic presentation (data
from Experiment I) and television presentation. The comparison was based

on data relating to the original seven targets and ranges 1 - 3 miles only.
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It was found that only at range 2 miles was there a significant
difference; the mean confidence level under conditions of photographle
presnptation being higher than that under television conditlions. The
diffefence between the overall means for the two presentation modes was
significant at the 5% level. However, the higher mean confidence level
associated with photographic presentation was very largely due to the
difference at'the 2 mile range, which could have been a chance effect.
The significance of this result should therefore be regarded with some
caution although it is in the expected direction, i.e: lower confidence
is assoclated with television presentation than with the higher quality
photographic presentation.

For unskilled subjects the range variation was further analysed by
calculating the values of the linear regression and deviation components
as shown in Table 7.3.9. |

TABLE 7.3.9

Regression analysls of range variatlon

Source D.F. 5.8. M.S. V.R. Significance
RANGE#* 3 35.85 11,95 9.19 p < 0.001
Linear '

Tesression 1 35.48 35.48 | 27.29 p < 0.001
Deviation 2 C.37 0.19 - N.S.
RESIDUAL* 2901 377.81 1.30

#Values taken from abalysis of variance shown in Table 7.3.3

It is clear from this analysis that the highly significant linear
regression accounts for almost the whole of the variation due to ranges.
Deviation about this linear regression is extremely small, The regression
line and the actual mean confldence levels are shown in Figure 7.3.1.

These relate only to unskilled subjects.
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FIGURE 7.3.1

The effect of range on confidence level,

Mean
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"L T T T T
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NOTE This diagram relates only to unskilled subjects,
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T.3.3 The effect of target differences on confidence levels

The effect of targets on confidence levels was found to be highly
significant for both unskilled and skilled subjects, as shown in the
analyses of variance in Tables 7.3.3 and 7.35.4, The mean confidence
levels for targets are shown in rank order in Table T.3.10, These

values relate only to unskilled subjects,

TABLE 7.3.10

Mean confidence levels for targets

Target Mean ;z::idence Ranking
14 6.16 1
3 5.88 2
9 5.22 >
20 4,88 4
16 4.53 5%
10 }.53 5%
17 h.y7 K
15 4.31 8
13 4,22 9
1 4.19 10
5 4,16 111
6 3.94 -

These mean values can be regarded as the subjects' overall assessment
of the likelihood of their having correctly detected the target. It can be
seen that, as would be expected, high mean confidence levels tend to be
assoclated with large targets. The rank orders of the targets, as shown
in Table 7.3.10 was compared with the rank orders according to:detection

probabilities and search times. The correlations were both found to be
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highly significant, (p0.001 in each case), i.e, those targels which

were associated with high confidence levels also tended to be associated
with high detection probabilities and low search times, These tended to

be the large targets, Conversely the small targets tended to be assoc-
iated with low detection probabilities, high search times and low confid-
ence levels. The values of Kendall's tau and the corresponding significance
levels for all correlations between performance measures ave shown in a
summary table, Table 7.6.3.

It is interesting to note that the mean confidence level values shown
in Table 7.3.10 all fall in the upper half of the confidence level scale
which ranged from 1 ~ 7. This can be contrasted with the corresponding
target detection probabilities which range from approximately 0.10 to
0.84. This suggests that, for targets with low detection probakilities,
subjects were elther not aware of thelr low success rate or else they
were not making full use of the confidence level scale, i.e. they were
assigning a value of, say 3, to targets about which they were very
uncertain.

Differences between the target means for skilled and unskilled
subjects (14 and 24 dbs data only) were, in general, very small and
only reached significance in the case of Target 17, the value for unskilled
subjJects belng greater than that for skilled subjects. The significant
correlations between the rank orders according to confidence levels and
those according to detection probabilities and search times were simdlar
to those found for the unskilled subjects. Values of Kendall's tau and
significance levels are shown in the summary table, Table 7.6.3.

The confidence level data for the unskilled subjects were further
analysed by calculating the difference between each pair of target means.
Theze differences, together with the associated significance levels, are

shown in Table 7.3.11.



-110-~

TABLE 7.3.11
Differences between mean confidence levels for the twelve targets.

TARGETS 14 3 9 20 16 10 17 15 13 1 5 6
14 0.28 0.9% 1.28 1,63 1.63 1.69 1.85 L.9% 1.97 2.00 2,22
3 0.66 1.00 1,35 1.35 .41 1.57 1.66 1.69 1.72 1.94%
9 0.34 0.69 0.69 0.75 0.91 1,00 1.05 1.06 1.2
00 0.35 0.35 0.4 0.57 0.66 0.69 0.72 0.9%
16 0.00 0.06 0.22 0.31 0.34% 0.37 0.59
10 0.06 0.22 0.31L 0.3% 0.37 0.59.
17 L 0.16 0.25 0,28 0,31 0.53
15 0.09 0,12 0,15 0.37
13 0.03 0.06 0.28
1 .0.03 0.254¢
5 0.22
6

Values significant at the 1% level are indicated by double underlining,

and those significant at the 5% level by single underlining.

It can be seen from Table 7.3.1l that Targets 14 and 3 are assnciated

with significantly higher mean confidence levels than the other targets.

Targets 9 and 20 are intermediate and the remaining eight targets form

a group within which only two difference values are significant.

confidence levels are shown as a histogram in Figure 7.3.2 and the main

The mean

significant differences between the targets are shown by different shadings.

For unskilled subjects the total variation due to targets was

partitioned into three components representing the variation between

large and small targets, i.e. that due to target size, and the variation

within large targets and within small targets.

in Table 7.3.12.

This analysis is given
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TARIE 7.35.12

Partition of target variation

Source D.F, 3.5. M.S, V.R. Significance
TARGETS* 11 173.80 15.80 12,15 p < 0.001
Target size 1 93.02 93.02 71.56 p< 0.001

Targets (within
small targets) e %.96 0.99 - N.S.
Targets (within

large targets) 5 75.82 15.16 11.67 p<_0.00%

RESIDUAL#* 291 l 377.81 1.30

# Values taken from analysis of variance shown in Table 7.3.3.

This analysis shows that the variation due to target size is highly
significant as is also the variation within the large target group.
Variation within the small target group is however non-significant. These
results are consistent with the values given in Table 7.3.10 which
indicate that the range of mean confidence values is much greaterr for
large targets than for small targets. The importance of target size is
also shown by the fact that the six large targets occupy the top six

places 1n the rank order.



“113-

7.3.4 Signal/noise ratio x range interaction

This interacfion was found to be non-zignificant for both groups
of subjects, as shown in Tables 7.3.3 and 7.3.4, i.e. the different SN
ratio conditions were affected in a similar way by the four ranges.
Further analysis on the data for unskilled subjects showed that both the
linear regression component and the deviation component of the variation
due to the interaction were non-significant, indicating that the regression
lines of confidence level én range for each of the four S/N ratios did
not deviate significantly from parallel. This analysis is shown in
Table 7.3.13.

TABLE 7.3.13

Regression analysls of N x R interaction

Source D.F, 5.5. M.S. V.R, Significence
N x R* ] 15.03 1.67 1.28 N.S.
Linear
regression 1 ¢+ 0.3l 0.51 - N.S. 1
Deviation 8 14,52 1.8z 1.40 N.S3.
RESI DUAL* 291 377.81 1.30

* Values taken from analysis of variance shown in Table 7.3.3.

Since, as was discussed in Section 7.3.1, it was inappropriate to
reduce the four S/N ratios to two levels, high and low, as could be done
in the case of detection probabilities, no further analyses were carried

out on this interaction tern.
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7.3.5 Signal/noise ratio x targets interaction

The analysis of variance given in Table 7,3.3 shows that the N x T
interaction is highly significant for the unskilled subjects, i.e. that
individual targets were differently affected by the four S/N ratio con-
ditions. A regression analysis indicated that the linear component of

this variation was also highly significant as shown in Table 7.3.14.

TABLE 7.3.14

Regression analysis of N x T interacticn

Source D.F, | 8.S. M.S, V.R. Significance
N x T 33 77.88 | 2.36 1.82 p < 0.01
A
4 Linear
é regression 1 9.86 9.86 7.58 P 0.01
{ Deviation 32 68.02 | 2.13 1.64 p << 0.025
| Restouars | 291 | 377.81 Ll.}o

* Values taken from analysis of variance shown in Table 7.3.3.

This analysis shows that both the linear regression and the deviation
components of the interaction are significant. Thus the regression of
confidence level on S/N ratic for each target individually is non-linear
and there are significant differences between these twelve regression
curves, l.e. they are non-parallel.

The twelve sets of values, i,e. one for each target, were reduced to
two by considering the targets in two groups, large and small, as in
previous sections. Table 7.3.15 shows the effect of S/N ratio on mean

confidence level for each group.
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TABLE 7.3.15

Mean confidence level for large and small targets
at each S/N ratio

S/ ratioc (dbs)
14 19 24 30
Large targets 4,65 5.44 5.31 5.40
Small targets 4,15 4,19 4,35 4,17
Differences 0.50% { 1.25%%] 0.96%%| 1,25«

* Significant at 5% level, two-tail test.
** Significant at 1% level, two-tail test.

The differences between the mean confidence levels for large and

small targets are significant at each S/N ratio. for both

However,
large and small targets the trends of increasing confidence level with
increasing SAN ratlo are not entirely consistent, Similar discrepancies
were apparent in Section 7.3.1 in which the overall effect of 8/ ratio
on confidence level was analysed.
A further analysis was carried out to determine whether there was

a significant interaction between 8/N ratlo and target size. This
analysis, which involved partitioning the N x T interaction into three

parts, 1s shown in Table 7.3.16.
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TABLE 7.3.16

Partition of N x T interaction

Source D.F. 5.8. M.S, V.R. Significance

N x T 33 | 77.88 | 2.36 1.82 p < 0.0L
N x Target size 3 8.78 ' 2.93 2.25 N.8.

N x T {within

small targets) 15 35.35 2.36 1.81 p < 0.05

N x T (within
large targets) 15 33.7% 2.25 1.73 p << 0.C5

| RESTDUAL* 291 |377.81 | 1.30

* Values taken from analysis of variance shown in Table 7.3.3.

It can be seen from this analysis that within both the large and
the small target groups there is a significant N x T interaction but
that the interaction between S/N ratio and target size is non-significant.
An additional analysis indicated that the linear regression component of
this interaction term was not significant at the 5% level although 1t did
reach the 10% level. This suggests that there is a tendency for lines
(2) and {b} in Figure 7.3.3, which represent the linear regression com-
ponents of confidence level on S/N ratio for large and small targets
respectively, to deviate from parallel.

Regression analyses on the confidence level data for small and

large targets at each S/N ratio are shown in Table 7.3.17.
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FIGURE 7.3.3

The effect of signal/noise ratio on confidence level for

(a) large targets and (b) small targets.
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NOTE The dotted line (a) is the best-fit straight line through the mean
values for the large targets. However, since the deviation of
these values about the line is significant, the data would be more
properly fitted by a regression curve.

The broken line is the regression line relating to all targets.



~118-

TABIE 7.3.17

Regression analysis on the 3/N ratio variation for

small and large targets

Source

D.F.

S.8.

M.S.

Significance

8/N ratio
within small
targets

Linear
regression

Deviation

1.31

0.09

1.22

0. 44

0.09

0.61

N.S.

N.S.

N.S.

S/N ratio
within large

19.90

6.63

5.10

p < 0.005

targets

Linear

regression 1 10.36

10.36 7.97 p <0.01

Deviation 2 [ 9.54 b7 1 3.67 p <0.05

RESTDUAL*

291 377.81 1,30

#*Value taken from the analysis of variance shown in Table 7.35.3.
The residual mean square values determined from the separate
analyses cf variance on the data for large and small targets were
not significantly different and therefore it was appropriate to
use the overall value shown.

This table shows that for small targets both the linear regression
and the deviation components of the S/N ratio variation are non-significant,
i1.e. the regression line has a non-significant gradient and the mean values
do not deviate significantly about it. It can be seenin Figure 7.3.3.
that the regression line (b) which relates to small targets is almost-
parallel to the x-axis.

In the case of large targets the situation is slightly more
complicated since both the linear regression and the deviation components
of the variation are significant. Thus the data are non-linear and would
be most appropriately fitted by a curve,

However, for comparison purposes,

the linear component has been indicated by a dotted line in Figure 7.3.3.
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The gradient of this dotted line is significant and, as shown above,
there is evidence that it is not parallel to the regression line for
small targets although this effect 1s only significant at the L0% level,
Thus, these data suggest that increasing S/N ratio has no effect on the
confidence levels assoclated with small targets but has a significant,
positive and apparently non-linear effect on the confidence levels
associated with large targets.

If Figure 7.3.3 is compared with Figure 7.1.6 which shows the
corresponding detection probability data for large and small targets
it can be seen that for small targets increase in signal/noise ratio
results in a significant increase in detection probability but enly a
marginal increase in the associated confidence levels, For large targets
a simllar increase In detection probabllity is observed and this is
accompanled by a significant increase in confidence level., Tt should be
noted, however, that whereas the increase in detection probabllity does
not take place until the $/N ratio reaches 24 dbs, the increase in
confidence level takes place at 19 dbs, Thus, this feature of the data;
which was noted also in the overall analysis of the S/N ratio effect
(Section 7.3.1) appears to be associated only with the large targets.

Therefore, although for individual targets detection probabllities
are highly correlated with the corresponding mean confidence levels
(Section 7.3.3), it appears that there are some discrepancies between the
effect of signal/moise fatio as found objectlively by detection probabliliiy
measures and subjectively by the associated confidence levels., This is
probably accounted for by the fact that target Qifferences are relatively
large whereas the variation in mean confidence levels for the signal/noise
ratio conditions tested extends over only a relatively small part of

the 1 - 7 confidence level scale.
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7.3.6 Ranges X targets interaction

The analysis of variance on the confidence level data for unskilled
subjects shown in Table 7.3.3 indicates that the interaction between
ranges and targets is highly significant, i.e. different targets are
differently affected by the range conditions. The linear regression
and deviation components of this interaction are both highly significant
as shown in Table 7.3.18.

TABLE 7.3.18

Regression analysis of R x T interaction

Source D.F. S.8. M.S. V.R. Significance
R x T 33 140.91 4,27 | 3.28 p< 0.001
Linear 1 59.14 | 59.1% | 45.49 | p< 0.00
regrassion s
Deviation 32 81.77 | 2.56 | 1.97 p << 0,005
RESTDUAL* | 291 377.81 1.30

* Values taken from analysis of variance shown in Table 7.3.3.

This analysis shows that the regression of confidence level on
range for each target individually is non-linear and that there are
significant differences between these twelve regression curves, i.e,
they are non-parallel. The somewhat confused situation which was
revealed bﬁ this analysis was simplified by considering the targets in
two groups, large and small, as was done for the detection probability
data (Section 7.1.6) and the search time data (Section 7.2.4),

Table 7.3.19 shows the mean confidence levels at each range for

large and small targets. The data relate only to unskilled subjects.
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TABI.I.E 7'3-19

Mean confidence levels at each range for large
and small targets

Range (miles)

1 2 3 4

Large targets | 5.63 5.44 5.17 4.56

Small targets | 4.63 4,17 4,06 4,00

Differences 1.00%%} 1, 27%% | 1,11#%] 0,56%%

The differences between the mean confidence levels for large and
small targets at each range are highly significant,

The variation due to the range x target size Interaction was found
to be non-significant as shown in Table 7.3.20.

TABLE 7.3.20

Partition of the R x T interaction

Source D.F. 3.8. M.S, V.R. Significance
i R x T* 33 140.91 4,27 | 3.28 p << 0.001
R x Target sizel 3 6.61 2.20 1.69 N.S,
|EE2 ,(;‘;1{;2}02) 15 8.2 | 5.69 | %38 | p=o.000
Th syl s | w8 | 326 | 251 | p< 0005
RESIDUAL* 291 377.81 1.30

* Values taken from the analysis of variance shown in Table 7.3.3.
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This table also shows that within both the large and small target
groups there are highly significant interactions belween ranges and
targets, i.e. within each group the targets are differently aifected by
range.

Further analysis of the R x Target size interaction showed that hoth
the linear regression and the deviation components of this interaction
were also non-significant. Thus the two regression lines shown in Figure
T.3.4 do not deviate significantly from parallel, i.e. targets of different
sizes are not differently affected by increasing range. These regression
lines were calculated from the two sets of mean confidence levels shown
in Table 7.3.19 and analyses were also carried to determine the significarnce
of the corresponding linear regression components. These analyses are
shown in Table 7.3.21,

TABIE 7.3.21

Regression analysis on the range variation for
large and small targets

Source D.F. 3.8. M.S. V.R. Significance

Range (within

Smail targets) 3 11.52 3.84 2.95 p< 0.05
Linear
Deviation 2 1.92 0.96 - N.S.
Range (within
Targe targets) 3 30.94 10.31 7.93 p< 0.001
Linear
;gg;—e-gsion 1l 29.06 20.06 22.35 P < 0«0__0_];
Z.Deviation 2 1.88 0.94 - N.S.
RESIDUAL* 291 377.81 1.30

* Value taken from the analysis of variance shown in Table 7.3.3.
The residual mean square values found from the separate analyses
on the data for small and large targets were not significantly
different and therefore it was appropriate to use the overall
value shown,
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FIGURE 7.3.4

The effect of range on confidence level for

(a) large targets and (b) small targets.
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NOTE The broken line is the regressionrline relating to all targets.
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This analysis shows that within both the large and the small
targets groups range has a significant effect on confidence level.
In each case the relationship is a linear one and the deviation of
the mean values about the regression lines is non-significant. The
regression lines are shom in Figure 7.3.4 together with the mean

confidence level values at each range for large and small targets.
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TABLE 7.4.1

Map-briefing times for unskilled subjects.

S/ o
Range {ratio A TARGETS _
(miles){ (dbs) 3 14 17 16 15 13 1 20 10 6 5 g
1y {176.%4 52.8 75.0 87.8 52.6 52.6 70.8 200.8 112.6 58.4 s55.2 sh.2
63.2 43,8 115.8 110.8 74.8 227.0 57.2 106.0 99.2 84.0 43.8 93.0
1 69.8 30.2 80.8 60.4 T2.2 125.2 63.6 S54.4 101.0 145.8 113.2 €5.2
9 | 45.2 27.8 125.4 55.2 48.4 76,2 83.2 64.2 1%2.6 62.4 120.4 111.2
1
i oy | 47.4 5.8 97.6 46.2 72.8 lol.2 119.2 B0.6 41.8170.6 57.% 6l.2
4.2 75.0 87.8 43.0 70.2 164,6 96.8 134.2 239.8 134.2 99.8 49.6
o 108.0 70.0 46.0 51.0 113.8 99.8 78.8 165.4 89,4 75.8 62.4 93.8
0 l203.8 148.2 116.0 T70.4 77.6 126.2 446 65.6 125.% 120.2 T72.6 46.0
14 ¥7.4 72.8 59.8 51.0 162.6 114.2 115.0 70.2 Bl.2 78.0 68.8 48.%4
48.4 130.8 53.4 199.2 75.8 103.4 136.8 56.8 66.0 120.8 134.,2 60.2
19 93.8 154.,2 51.6 83,0 131.8 65.0 64.0 46.0 63.0 100.% 50.6 51.8
» 60.4 80.6 67.0 105.0 187.0 11i4.0 155.0 41.0 108.4 66.2 95.0 S54.4
ol 29,6 62,4 85.8 72.6 62,8 56.0 123.4% €3.2 Th.4 92.4 169.6 75.2
35.4 95.8 63.0 204.6 86.2 40.2 87.0 78.0 TlL.0 1l14.0 64,0 T4.8
30 54,2 54,0 67.8 143.8 60.6 41.2 T71.6 63.0 62.8 U43.2 195.2 59.6
39,6 72.4 97.8 75.8 121.6 65.4 166.8 48.8 51.4 175.4 100.6 141.%
14 56.8 56.0 52.6 67.8 093.4 66.6 58.2 89.8 66.2 65.8 47.6 1235.0
54,2 43.2 81.6 140.2 57.4 130.2 82.4 127.6 89.2 51.2 205.6 153.2
19 49,6 64,0 176.4 63.4 110.0 147.2 154,2 95.8 40.0 85.8 T77.4 70.2
208.4 66,2 171.2 48.0 72.0 96.2 106.4% 107.4 76.0 68.8 146.8 12G.2
"3
ol 119.8 107.4 118.2 49.6 56.8 194.0 48.0 48.8 48,4 49.6 §&7.2 35.6
100.0 84%.4 7T6.2 60.6 65.6 129.,2 88,2 g9.2 54,0 83.0 67.0 67.8
30 66.6 50.8 6.4 45,6 T76.6 63.0 6£3.8 96.0 151,8 50.8 117.8 1:0.0
169.0 83.0 103.8 57.0 T79.0 88.0 50.6 79.6 92,6 67.8 73.2 Bl.6
14 30.2 T73.0 53.0 66.8 172.0 59.4% 56,8 43%.2 150.6 i61.4 56.4 82.2
48.0 184.6 80.2 89.6 8o.4 78.4 78.8 z26.2 71.8 91.6 80.2 99.0
1 48,0 119.4 50.0 52.8 82.8 T9.4 67.4 45.0 189.4 5i4.6 65.8 45,8
9 |+78.8 79.4 8.4 74.8 156.6 Th.h 118.6 62.8 127.0 103.8 61.8 201.0
4
' ol 51.4 34.4 71,8 135.,2 86.0 61.0 171.6 88.4 70.2 40.2 84.0 T73.2
] i 29.6 T4.0 74.8 85.8 168.8 75.8 115.0 856.8 137.0 82.4 53,8 166.6
30 61.6 96.6 90.8 142,0 55.2 51.2 166.2 69.2 52.4 58.8 80.4 126.6
50.2 127.4 92.2 69.4 59.6 53.2 163.6 118.4 76,8 37.0 128.0 9l.0

811 values given in seconds.




7.4 Map-briefing times

Subjects were allowed as much time as they wanted to study the mep
before viewlng the television display. The time taken for this map-~
briefing was recorded, in seconds, on the print-out and the raw data
for the two groups of subjects are shown in Table 7.4,1 and T7.4.2,

While the subject was briefing himself on the map, he did not know under
which conditions of range and signal /molse ratio he would subsequently
be viewing the target. Thus, one would not expect these factors to

have a significant effect on map times, and no effect was found for
either unskilled or skilled subjects. Purthermore, there was no signif-
icant effect due to target differences, although this had been found in
Experiment I. In general, therefore, the analysis of the map time data
is of relatively little importance.

However, since the skilled subjects were very much more experienced
in map-reading than the unskilled subjects it was of interest to compare
the data for the two groups, particularly as 1t had previously been found
that the skilled subjects required on average approximately half as much
time for map-briefing as did the unskilled subjects. The mean search
times required for each target by unskilled and skilled subjects are

shown in Table 7.4.3, together with the corresponding rank orders.
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TABLE 7.4.1

Map-briefing times for unskilled subjects.

S/N &
Range {ratio A TARGETS .
(miles)| (dbs)| 14 17 16 15 13 1 20 10 6 5 9
14 176.4 52.8 75.0 87.8 52.6 52.6 70.8 200.8 112.6 58.4 55.2 54,2
6%.2 43.8 115.8 110.8 74.8 227.0 57.2 106.0 99.2 84.0 43.8 93.0
1 69.8 30.2 80.8 60.4% T72.2 125.2 63.6 54.4 101.0 145,58 113.2 6€5.2
2 45,2 27.8 125.4 55,2 48.4 76.2 83.2 64.2 132.6 62.4 120.4 111.2
1
- oy | 47.4 45.8 97.6 46.2 72.8 l0l.2 119.2 80.6 41.8170.6 57.% 61.2
74,2 75.0 87.8 43.0 70.2 164.6 96.8 134.2 239.8 134.2 99.8 49.6
B 108.0 70.0 46.0 51.0 113.8 99.8 78.8 163.4 89,4 75.8 62.4 99.8
20 1223.8 48.2 116.0 70.% 77.6 126.2 k4.6 65.6 125.4 120.2 T72.6 16,0
14 47.4 72.8 59.8 51.0 162.6 11%.2 115.0 70.2 81.2 78.0 68.8 48.4
48,4 1%0.8 53.4 199.2 75.8 103.4 136.8 56.8 66,0 120.8 134,2 60.2
19 93.8 154.2 51.6 83.0 131.8 65.0 64,0 46.0 63.0 100.4 50.6 51.8
» 60.4 80.6 67.0 105.0 187.0 114.0 155.0 41.0 108.4 66.2 95.0 54.4
ol 20.6 2.4 85.8 T2.6 62,8 56.0 123.4 €3.2 744 92.4 160.6 T75.2
b 35.4 95.8 63.0 204.6 86,2 40,2 87.0 78.0 T71.0 1l4.n 64,0 74.8
30 54.2 54,0 67.8 143,8 60.6 41.2 T1.6 63.0 62.8 43,2 195.2 59.6
39.6 T72.4 97.8 75.8 121.6 65.4 166.8 48.8 S1.4 175.4 100.6 141.4
14 56.8 56.0 52.6 67.8 93.4 66.6 58.2 89.8 66.2 65.8 47.6 123.0 1
54.2 43.2 81.6 140.2 57.4 130.2 82.4 127.6 ©9.2 51.2 205.6 153.2
19 49,6 64,0 176.4 63.4 110.0 147.2 154,2 95.8 4p.0 85.8 T77.4 70.2
208.4 66.2 171.2 48.0 72.0 96.2 106.4% 107.4 76.0 68.8 146.8 129.2
3 —
ol 119.8 107.4 118.2 49.6 56.8 194.0 48.0 48.8 48.4 49.6 &7.2 35.6
100.0 84.4 76.2 60.6 65.6 129.2 88.2 99.2 54,0 83.0 €7.0 67.8
30 66.6 50.8 T6.4% 45.6 76.6 63.0 63.8 96.0 151,8 50.8 117.8 150.0
169.0 83.0 103.8 57.0 79.0 8B8.0 50.6 79.6 92.6 67.8 T73.2 8l.6
14 30.2 73.0 53.0 66.8 12,0 59.4 56,8 43%.2 150.6 161.% 5G6.4 B2.2
48.0 184.6 80.2 89.6 8o.4 78.4 78.8 36.2 71.8 91.6 80.2 99.0
15 48,0 119.4 s50.0 52.8 82.8 79.4 67.4 45.0 189.4 54,6 65.8 45,8
78.8 79.4 48.% 74,8 156.6 74.4 118.6 62.8 127.0 105.8 61..8 201.0
4
i ol 51.4 34.4 71.8 135.2 86.0 61.0 171.6 88.4 7T0.2 L4o.2 8%.0 T3.2
| 29.6 T4.0 74.8 85.8 168.8 75.8 115.0 86.8 137.0 82.4 53.8 166,56
30 61.6 96.6 90.8 142.0 55.2 51.2 166.2 69.2 52.4 58.8 80.4 126.6
50.2 127.4 92.2 69.4 59.6 53,2 163.6 118.4 76,8 37.0 128.0 91.0

A1l values given in seconds.
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Map-briefing times for skilled subjects.

. TARGETS
R e S/N -
ang ratio
miles) (Gos 3 14 - 17 16 15 13 1 20 10 6 5 9
E 14 »3.0 43,0 167.2 56.0 51l.4 141.4 s51.4 27.8 37.4 77.2 38.0 76.2
1
ol 45.8 19.8 58.8 142.2 T4.0 59,8 102.0 59.4 22.4 97.0 48,2 59,0
14 38.0 5.2 33,4 147.8 1%4.8 57,8 66.4 114,8 185.8 33.4 140.6 55.2
2
24 111.8 66,6 33.0 39.2 49,4 179.6 72.6 49.4 63.0 49.6 S0.6 49,2
14 34,2 160,0 52.6 39.4 s1,6 78.6 196.6 48.6 50.6 96.8 49,0 45.0
3
24 48,6 51.4 &2.8 83.0 43,2 35,2 51.2 85.2 64.8 61.0 51.8 154.0
14 L 97.4 40.4 37.2 154.,2 80,6 13.2 39.2 63,4 156.0 56.0 59.6 43.2
4
24 35.4 123,8 75.8 23.0 201.,0 T72.8 32.6 38,2 52,0 43.8 137.8 28.6

All values are given in seconds.
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TABLE 7.4.3

Map-briefing times for each target

Unskillied subjects

Skilled subjects

Targets
Map-briefing ! Ranking Map-briefing Ranking
time time
> 76.2 1 55.5 1
14 76.9 2 63.7 3
20 Be.2 3 60.9 2
16 84,6 45 85.6 11
17 84,6 4% 67.6 6
6 87.3 6 64. 4 5
9 88.8 7 63.8 4
15 90.7 8 85.8 12
5 91.7 9 71.9 7
10 ol,2 10 79.0 9
13 o4 11 79.8 10
1 97.6 12 76.5 8
O;:Zill 87.4 71.2

(a) The difference between the overall means was found to be significant

Three analyses were carried out on these data:

at the 1% level, i.e. the skilled subjects required significantly less
map-briefing time than the unskilled subjects.
agreement with that found in Experiment I.
the unskilled subjects was very close to those found previously.

However, the overall mean value for the skilled subjects whe took

part in this experiment was significantly higher (p=0.0l) than that

This result is in

The overall mean value for

for the skilled subjects who took part in Experiment T.
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(b) The mean map-briefing times for each target for unskilled subjects
were compared with the correspondling values for .skilled subjects.
Although in almost every case the mean values were higher for the
unskilled sublects than for the skilled group it was found that none
of these differences reached the 5% significance level.

(¢) The rank orders of the targets according to the mean briefing times
25 shown in Table 7.4.3 were tested by Kendall's tau to determine
whether they were significantly correlated. Valueé of tau were also
calculated for the correlation of map times with detection probability,
search times and confidence levels for both groups of subjects, The
results of these analyses are shown in Table 7.4.4,

TABLE T7.4.4

Correlations between the rank orders of targets
according to map times with those for other performance mzasures

Kendall's tau Significance

i
Map times
Unexiiled/skilled 0.51 p < 0.05
Unskililled subjects
Map times/detection
probabilities 0.50 p <0.05
Map times/search times 0.45 p< 0.05
Map'times/confidence 0.52 p < 0.05
levels
Skilled subjects
Map times/detection
probabilities 0.15 N.S.
Map times/ozarch timeg 0.21 N.3.
Map times/confidence 0.4 N.S.
levels

It can be seen from Table T.4.4. that for the unskilled subjects the
rank order of the map-briefing times for the twelve targets is positively

correlated with the rank orders according to the other three performance
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measures, i.e. low map-briefing times tend to be azsociated with high
detection probabilities, low search times and high confidence levels,
This is an interesting result and one that has not been found in previous
experiments, 8ince the correlations are significant only at the 5% level
it could be due to a chance effect. If, however, it represents a

genuine effect it suggests that, for those targets which were relatively
easy to detect in terms of detection probability, search time and
confidence level, the map-briefing task was also easier. Conversely for
the more difficult targets the map-briefing task took longer. For the
skilled subjects, as also shown in Table 7.4.%4, the map-briefing times
were not correlated with the other performance measures although they

were correlated with the map-briefing times for unskilled subjects.
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7.5 Relationskip betwecen detection performance and psychometric measures

During the experimental program psychometric tests giving numerical
values relating to each subject's intelligence and personality were carried
out. These scores were analysed to determine whether detection performance,
in terms of the number of test targets correctly detected, and mean search
time, were related to intelligence or perscnality variables,

Tables 7.5.1 and 7.5.2 show the mean and standard deviation values
for the scores cbtained on Heims A, H,5. test of high grade intelligence,
and on the Eysenck Personality Inventory which gives numerical values
relating to sublects extraversion - intraversion (E) and neuroticism (N).
For comparison purposes the felevant pcepulation norms are also shown.

TABLE 7.5.1

Intelligence, E and N scores for unskilled subjects

Subjects tested Population
(32 students) norms
‘ 1
Mean s.d. ) Mean s.d.
A H.S intelligence
test score L4, o 5.7 39.1 8.3
T Eysenck Personality
Inventory
E 13.3% 6.7 11.1 4.5
N 8.7 3.3 10.0 5.0

The population norms relate to students in each case,
The average age of the 32 students tested was 20.7 yesars.

*These values are significantly different from the
corresponding population norms, (p<©Q.0l in each case).
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TABLE 7.5.2

Intelligence, E and N scores for skilled subjects

Subjects tested Population
(8 R.A.F. alrcrew) norms
Mean s.d. Mean s.d.
A.H.5 intelligence '
1 test score . 3L.1* 8.6 39.9 6.7
s ;
Eysenck Personality
| Inventory.
E o 11.0 2.9 11.1 4.5
N 7.9 3.8 10.0 5.0

The population norms relate to R.A.F. permanent commiszion
candidates (A,H,5 scores) and to students (E and N scores).
The average age of the 8 skilled aircrew tested was 37.3 years.

*#This value was significantly different from the corresponding
population norm, (p< 0.01).

It can be seen from Table 7.5.1 that for the group of unskilled
subjects the mean scores on the A.H.5 intelligence test and cn the
extraversion - intraversion (E)} scale of the Eysenck Personality Inventory
were slgnificantly higher than the population norms. However, none of
the mean values differed significantly from those found for the studenta
who teok part in Experiment I.

The skilled subjects did not differ significantly from the correspond-
ing population norms in E or N scores but, as shown in Table.7.5.2, their
mean A.H.5 score was significantly lower than the population norm. This
score was also significantly lower than that of the skilled subjects who
took part in Experiment I. |

Comparisons of the data shown in Tables 7.5.1 and 7.5.2 indicated that

differences hetween the unskilled and the skilled subjects were significant. .

only for the A.H,5 scores (p< 0.001), the mean value for the skilled

subjects being considerably lower than that for the unskilled subjects.
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In order to determine whether there was any correlation between
an individual's performance at the target detection task and his scores
on the psychometric tests two measures of performance were calculated
for each subject.

These performance measures were: (a) accuracy, i.e. the number of
correct detections out of the twelve test targets and (bj mean search
time, 1.e. the mean of the search times recorded for twelve targets.

Subjects, skilled and unskilled considered separately, were then
ranked according to these performance measures and the ranks compared by
means of Kendall's rank correlation coefficient, tau, with the rankings
according tothe intelligence and personality vaeriables for each subject.
Finally the rankings for accuracy and search time were compared for both
groups of subjects.

The values of Kendall's tau and their significance are shown in Table
Te5a3.

TABLE 7.5.3

Correlations between detection performance measures and
psychometric measures

Unskilled subjects Skilled subjects
Accuracy Mean time Accuracy Mean time
Intelligence tau = 0.24] tau = 0.05 { tau = 0.05| tau = 0.37
score p = 0,03* p = 0,34 p = 0.44 p = 010
E tau = 0,18} tau =-0.01 | tau =-0.18| tau = 0.07
score p = 0.07 p = 0.46 p = 0.26 p = 0,40
N tau = 0.03} tau =-0.05 | tau =~0.38 ["tau =s0.49
score p = 0.40 p = 0.3 p = 0.09 p-= Q.08+
Accuracy/ | tau = 0.00 { Accuracy/ | tau = 0,36
mean time p = 1.001 mean time p=0,11

NOTE A positive correlation in this table indicates that high
accuracy and low mean search time, i,e. good performance,
were assoclated with high intelligence score, low E score
ard low N score at the probability values shown,
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The most significant correlation in Table 7.5.3 is that
between intelligence and accuracy for the unskilled subjects,
i.e. high intelligence is assoclated with high accuracy. In
the case of the skilled subJjects there i1s a significant negative
correlation between N score and mean search time, i,e., the more
neurotic subjects tend to work more quickly. Both these results
are in good agreement with those found in Experiment I. None
of the other four values shown in Table 7.5.3 reach the 5%
significance level, The absence of any correlation between
accuracy and mean search time for unskllled subjects is in
agreement with previous experiments, and is due to the fact
that an individual's performance is averaged over the series
of twelve targets, some easy and some difficult. Thus,
although there is a high correlation between high detection
probability and low search time for individual targets, this
is not so between the accuracy and mean search time measures

for individual subjects.



7.6 Summary of results

For convenient reference summary tables of the main results of

this experiment are given on the feollowing pages.



DETECTION FROBABILITY SEARCH TIME CONFIDENCE LEVEL
OVERALL MEANS 0,46 11.1 seconds 4.7
Significant effect (p<0.001) No significant effect. Significant effect (p<0.025)
Mean values range from 0.38 (14 dbs){ Mean values range from 10.8 secs. Mean values range from 4.4 (14 dbs)
to 0.55 (30 dbs). Relationship (14 dbs) to 11.4 sees. (30 dbs), to 4.8 (2% dbs), There is a sig-
SIGNAL/NOISE between S/N ratio and detection but show no consistent trend. nificant linear relationship
RATIO probability is linear. Highly between confidence level and S/N
(N) significant fall in detection ratio., Variation within S/N ratios
probability between 24 and 19 dbs, is almost entirely due to the low
value for the 14 dbs level.
(33-37) (81-82) (101-104)
Significant effeet (p<0.001) Just fails to reach significance. Significant effect (p <0.001)
(0.05<p<0.10) .
Mean values range from 0,60 (1 mile)| Mean values range from 10.0 secs. Mean values range from 5.1 (1 mile)i
RANGE to 0.36 (4 miles), Relationship (1 mile} to 12.7 secs. (4 miles). to 4.3 (4 miles), Relationship
(R) between range and detectlion probab- Relationship between range and between range and confidence level
ility is linear. search time is linear. is linear.
(38-43) (82-85) (105-107)
Significant effect (p<0.001) Significant effect (p<0.,005) Significant effect (p <0.001)
Mean values range from 0.84 for Mean values range from 5.4 secs. Mean values range from 3.9 for
TARGETS Target 9 to 0.09 for Target 6. for Target 14 to 15.8 secs. for Target 6 to 6.2 for Target 14,
(T) Highly significant difference Target 5, There is a highly Highly significant difference
between large and small targets. gignificant difference between between large and small targets,
Mean for large targets: 0.68 large and small targets. Mean for large targets: 5.2
Mean for small targets: 0.24 Mean for large targets: 9.0 secs. Mean for small targets: 4.2
Mean for small targets:13.2 secs,
(44-49) (86-90) (108-112)
DIFFERENCES No significant differences, Mean search times were signifi- No significant differences.
BETWEEN cantly higher for the skilled
SKILLED AND gubjects., Overall mean for the
UNSKILLED skilled subjects is 15.8 secs., as
SUBJECTS. compared with 1l.1 secs. for the

unskilled subjects.

NOTE The numbers at the bottom right-hand corner of ea¢h cell are the numbers of the reléevant pages of the report,

¥




DETECTION FROBABTILITY

SEARCH TIME

CONFIDENCE LEVEL

NxR

High/Iow

/N ratios X O

No significant interaction

Detection probability decreases
linearly with range for both high
and low S/N ratios in a similar
manner, 1.,e, the two regression
lines do not deviate significantly
from parallel,

(50-54)

No significant interaction

No further analyses were carried
out since the main S/N ratio
effect was also not significant.

(76)

No significant interaction

No further analyses were carried
out since in this case it was not
appropriate to partition S/N
ratios into high and low levels,

(113)

NxT

N x Target size

No significant interaction.

Detection preobability increases
linearly with S/N ratio for both
large and small targets in a
similar manner; the two regression
lines do not deviate significantly
from parallel, Detection prob-
abilities dre significantly lower
for small targets at each S/N ratio.
(55-60)

No significant interaction

No further analyses were carried
out since the main S/N ratio
effect was also nct significant.

(76)

Significant interaction (p<0,01)
i,e., the twelve targets are differ-
ently affected by S/N ratio.

For large targets confidence levels
increase with increasing S/N ratio
in a non-linear manner. For small
targets S/N ratio has no significant
effect on confidence level., ILarge
targets have significantly higher
confidence levels at each S/N ratio,

(114.119)

RxT

R x Target size

Significant interaction (p <0.001)
l.e. the twelve targets are differ-
ently affected by range.

Detection probability decreases
linearly with range for both large
and small targets, but the regress-
ion lines are significantly non-
parallel and tend to converge
towards longer ranges., Detection
probabilities are significantly
lower for small targets at each

range,
(61-66)

Significant interaction {p«¢ 0,01)
i.¢. the twelve targets are dif-
ferently affected by range.

For large targets search times
increase linearly with range.

For small targets this effect
does not reach significance but
there is no evidence that the two
regression lines deviate signif-
icantly from parallel, Search
times are significantly lower for
large targets at each range.

(90-95)

Significant interaction (p 0,201}
i.e, the twelve targets are differ-
ently affected by range.

Oonfidence levels decrease linearly
with increasing range for both large
and small targets in a similar way,
i.e. the two regression lines do not
deviate significantly from parallel,
Conf'idence levels are significantly
lower for small targets at each
range,

(120-124)

NOTE The numbers at the bottom right-hand corner of each cell are the numbers of the relevant pages of the report.
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TABLE 7,6,

Summary table of the Kendall rank correlation coefficient, tau, for the

correlations between the rank orders of the twelve targets according to

the four performance measures.

Detection Search Confidence {Map-briefing
probability time level time
Detection tau = 0.7L tau = 0,73 tau = 0.77 tau = 0,50
probability p< 0,01 p< 0,000 p< 0.001 pZ0,05
Search tau = 0,58 { tau = 0,63 | tau = 0.80 | tau = 0,45
time p< 0.0l p< 0,01 p< 0,001 p< 0,05
Confidence | tau = 0,54 | tau = 0,74 | tau = 0,57 | tau = 0,52
level p 0,01 p< 0,001 p<0.01 p< 0,05
Map-briefing} tau = 0.13 | tau = 0,21 | tau = 0,41 | tau = 0,50
time N.S. N.S. N.S, p< 0,05

Values on the diagonal line relate to the correlation between
the rank orders of the targets for skilled and unskilled subjects

on the same performance measures,

Values above, and to the right,

of this line relate to correlations between the different per-

formance measures for unskilled subjects.

Values below, and to

the left, of the diagonal line show the corresponding values for

the skilled subjects.

two-~tail tests,

A1l significance levels shown relate to

Positive correlations in this table indicate a correlation between
high detection probability, low search time, high confidence level and

low map time. For the unskilled subjects it can be seen that all
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correlations between performance measures are significant, i.e. those
targets which are assoclated with high detectlon probabllities also
tend to be associated with low search times, high confidence levels and
low map times. These can be regerded as relatively easy targets. Con-
versely, the more difficult targets were associated with low detection
probabilities, high search times, low confidence levela and high map
times, 1In each case the correlations involving map times are less
significant than those for the other performance measures. For the
skilled subj)ects the map time correlations fail to reach significance
although the other measures are significantly correlated. The correl-
ations between unskilled and skilled subjécts for each performance

measure are all significant.
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8. DISCUSSION

The results of this experiment have been reported in deteil in
Section 7. The principal purpose of this section is to discuss the
more important of these results, particularly those concerned with the
effects of signal/noise ratio and target size, and to consider possible
implicaticns arising from them. This discussion 1s mainly concerned with
the results for unskilled subjects for whom more extensive data were
available. In general, the performance of the skilled subjects was very
similar to that of the unskilled ﬁut where there are important differences
these have been noted,

Throughout the discussion the emphasis is on the detection probability
results since this was the most important of the performance measures
used and these results could most appropriately be compared with those
found by other workers. However, where the importance of the results
Justifies it the other two performance measures are also discussed.

For convenience the discussion has been divided into the following
parts:

8.1 The effect of signal/noise ratic on detection performance.

8.2 Thé effect of range on detection performance.

8.3 Target differences.

8.4 Interaction effects,

8.5 Differences between skilled and unskilled subjects.

8.6 Relationship between psychometric measures and detection
performance,

8.7 Comparison of the results with those found from dynamic
experiments.

8.8 Further work,
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8.1 The effect of signal/noise ratio on detection performance

The results of this experiment showed that the signal/noise ratio
of the display system significantly affected detection performance, for
both skilled and unskilled sublects, in terms of detection probability
and confidence level but it had no effect on search time., For unskilled
subjects the actual mean detection probabilities at each signal/noise
ratio showed a significant decrease between the 24 and 19 dbs levels
{from 0.54 to 0.39), whereas there was very little difference between the
14 and 19 dbs level or between the 2% and 30 dbs levels. However, there
was no evidence that the data were non-linear within the overall 14 -~ 30
dbs range of signal/moise ratios investigated. The deviation about the
linear regression was non-significant, and small as compared with the
significant linear component. The results for skilled subjects, who were
exposed only to signal/noise ratios of 14 and 24 dbs, were in good agree-
ment with corresponding values for unskilled sublects.

These data suggest that, under the conditions investigated in this
experiment, the eritical region for signal/noise ratios is between 24 and
19 dbs. It was not possible to determine the exact nature of the relation-
ship between detection probability and signal/moise ratio within this
region since no data were available relating to intermediate values, It
must be concluded that, in the absence of further information relating to
this eritical region, the signal/noise ratio of a television display system
used for target acquisition tasks of this type should not be allowed to
fall below the 24 dbs level. However, the extent to which the results of
this static simulation experiment can be applied to dynamic situations
requires further consideration, particularly in relation to the detection
of small targets. The application of the data obtained in this experiment
to operational conditions is discussed in detall in a later section
(Section 8.7). The remainder of the present section is concerned with a

more general discussion of the observed effect of signal /moise ratio on
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performance, in relation to the complex nature of the task involved.

The task of an airborne observer required to locate and recognise
a given target by means of a television viewing system can be regarded
as consisting of two main parts. The first of these is overall geo-
graphic orientation during which the observer has to recognise conspicuoug
features in the terrain and use these to determine his position in
relation to the target. He should then be able to locate the probable
target area. The second part 1s the detection and recognition of the
target itself., The difficulty of this is llkely to depend largely on
the apparent size and conspicuity of the target, as it appears on the
television monitor. The relative importance of these two paris of the
overall task depends very much on the particular situation investigated,
especially the type of targets and terrain, the altitude and speed of
the alreraft, and field of view of the camera. This discussion is
concerned only with the conditions studied in the present experiment in
which the type of target varied considerably, particularly in ground
slze, the largest being an airfield and the smallest a mindr,road/?iver
bridge. BRange varied from 1 to 4 miles, Other relevant factors,
including the type of terraln, remained effectively constant.

To discuss possible explanations for the effect of signal/noise
ratio on detection performance 1t is necessary to consider the possible
effect of visual noise on the two separate parts of the target acquisition
task. Geographic orientation is likely to depend very much on large or
particularly consplcuous features in the foreground of the terrain, as
displayed on the television monitor. These are the features of greatest
value to the observer in the initiel orientation task. The extent to
which geographic orientation becomes more difficult under conditions of
decreasing signal/noise ratio therefore depends largely on whether those
features become more difficult to recognise as visual noise increases.

It appears reascnable to assume that the features of importance in



~143-

geographic orientation are of a size and consplculty simllar to those of
the large target group studied in this experiment. (The basis on
which the classification of targets was made has been described in
Section 7.1.3 and is discussed in Section 8.3.2). The results of

this experiment show that the recognition of these large targets at
ranges of 1 - 2 miles is not significantly affected by decreasing

the signal/noise ratio from a high level (24 - 30 dbs) to a low level
(14 « 19 dbs). This can be seen in Figure 7.1.8 (page 70). The
important conclusion that can be drawn from this is that the initial
geographic corientation part of the overall target acquisition task is
likely to be relatively little affected by decreasing the signal/noise
ratic of the display system.

On the other hand decreasing the signal/noise ratio is likely to
have a detrimental effect on the second part of the task, target
recognition. If the apparent size and conspicuity of the target is such
that many of the important cues to recognition are totally or partially
obliterated by the superimposed visual noise then recognition of the
targets will become more difficult as the amount of noise increases. In
particular, work carried out by Crook and Coules (1953) suggests that
if the target contours are seriously degraded by visual noise then
recognition performance will deteriorate. The overall effect is likely
to be more marked for targets which ceccupy a relatively small proportion
of the display. Targets which occcupy a relatively large proportion of
the display are much less likely to be affected by visual noise, within
the limited range of signal/noise ratios studied in the present experi-
ment, For these targets many of the critical features on which recognition
depends are sufficlently large and conspicuous for the effect of noise to
be comparatively slight. Overall recognition of the target is therefore
likely to be little affected by the presence of noise,

The ground size of the targets studied in the present experiment,
and the ranges from which they were viewed, gave rise to some apparent

target sizes which could be regarded as very large. However; the mijority
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of the target size and range combinations gave rise to relatively

small apparent sizes. The effect of visual noise on recognition could
therefore be expected to depend both on target size and range, which
together largely determined the apparent size of the target as displayed
on the television monitor.

In general, it 1s reasonable to conclude that overall geographlec
orientation 1s unlikely to be seriously affected by decreasing the
"signal/noise ratio, but that the actual recognition of some of the targets,
under conditions resulting in small apparent sizes, will be adversely
affected.

The fact that signal/noise ratio was not found to have a significant
effect on search time is alsc in accordance with expectation since the
geographic orientation part of the task is liable to take up most of the
search time. When the cbserver has decided on the probable target area,
the time taken to recognise the target, if in the expected location,
should be relatively short. If he cannot recognise the target in the
position he expects he would be likely to attempt further orientation.
Thus, if orientation is not affected by signal /moise ratlo, then search
time is unlikely to be significantly affected, Furthermore, it would
also be expected that there would be no interaction between signal/nolse
ratio and elther range or targets in the search time data. This was
in accordance with the results found.

The effect of signal/noise ratio on detection probability, which was
discussed earlier and is illustrated in Figure T7.l.1 (page 41), can be
interpreted in relation to the above discussion. The significant pe;form-
ance deterioration associated with a reduction of the signgl/hoise ratio
from 24 to 19 dbs suggests that the increased degradation of the display
petween these values 1s critical in relation to the s;ze and conspiculty of
essentlal cues to the recognition of sbme of the targets, Since very little

additional deterioration in performance 1s observed when the signal/noise
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ratlo is further decreased to 14 dbs it appears that the degradation of
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important cues associated with this level of noise is effectively no
more detrimental than that at 19 dbs. Thus, cues essential to the
recognition of some targets appear to underge critical degradation
between the 24 and 19 dbs level, whereas for other targets the
essential cues are unaffected by the entire 30 - 14 dbs signal/noise
ratios investigated, As discussed above, the targets for which
detection performance is most likely to be affected by the levels of
noise studied are those presented under conditions in which their
apparent size is relatively small,

Although this experiment was concerned with a relatively limited
range of signal/noise ratlios the results obtained can be related to the
overall effect on detection performance of a much wider range of signal/
noise ratio conditions. At extremely low signal/noise ratios the
degrading effect of the visual noise would be so great that virtually
no useful information could be obtained from the display. Under such
conditions geographic orientation and target recognition would be
impossible and performance would be either zero or at an extremely low
level representing random guessing. As the signal/noise ratio 1s
increased there would be no effect on detection performance until at
least some of the major features of the terralin could be identified. At
this level performance would start to improve and continue to do so as'
signal/nolse ratio is further increased and more features become
recognisable. Performance would show further improvement until the
signal /noise ratio reached a value at which the degradation caused by
visual noise was no longer the factor limiting performance. At this
point detection performance would level out and no further Improvement
would take place. The overall relationship between detection performance
and signal/noise ratio can therefore be regarded as a curve, asymptotic
to zero (or random level) performance at low signal/noise ratios and
asymptotic to maximum performance at some rlatively high value of

signal /noise ratio, depending on the conditions studied. The exact
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nature of the relationship between these points can only be determined
by an extensive study of the complete range of signal/noise ratio values.

However, it is of importance to attempt to relate the limlted range
of signal/noise ratios studied in the present experiment to this overall
curve, There is some evidence to suggest that the 30 dbs level invest-
igated is approaching the upper asymptotic value for the types of targets
and conditlions studied, This evidence comes from a comparison of the results
obtained In Experiment T with those obtained in the present experiment.
Unfortunately, the two sets of data are not directly comparable since
the detalled analysis of Experiment I involved only three range conditions
(1 - 3 miles) and seven targets. To compare the results of the two
experiments it was necessary to extract the appropriate data from those
obtained in the present experiment.

It should also be noted that the viewing distance used in the present
experiment (21") was greater than that used in Experiment I (13").
However, this was not a serious discrepancy since the second experiment
in this series had shown that there was no deterioration in performance
due to increasing viewing distance from 13" to 21". The amount of data
obtained at the 21" viewing distance was inadequate for comparison with
that obtained In the present experiment and therefore the more extensive
data from Experiment I were used for this purpose.

The results of these compariscns indicated that the overall detection
probability under conditions of photographic presentation was 0.63 as
compared with 0,57 found in the present experiment for the same targets
and range conditions at the 30 dbs signal/noise ratio. This difference
was not significant whieh suggests that little improvement would occur if
the signal/hofée ratio was increased above 30 dbs, There was also no
significant difference between detection probabilities associated with photo-
graphic presentation and with the 24 dbs signal/noise ratio condition.
However, both the lower signal/noise ratios resulted in lewer detection
probabllities, significant at each range, than photographic presentation.

Averaged over all signal/noise ratios, as shown in the results section
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in Flgure 7.1.3 (page 43) this difference was also significant at each
range. Furthermore, there was no gpparent interaction between range
and presentation mode.

For the type of targets studied i1t is reasonable to conclude that
the high levels of signal/noise ratio are towards the upper end of the
overall curve relating detection probability to signal/noise ratio. On
the other hand, it is not possible to determine the position of the 14 dbs
level, the lowest studied, in relation to the lower end of the overall
curve, Since the mean detection probability was approximately 0.36 at
this value it is clear that the gignal/hoiae ratio could be further
decreased before performance reaches the lower asymptote. It ia not
possible to predict at what signal/noise ratio this would occur for target
groups, such as the present one, in which target size varies considerably.

More precise information can be obtalned by considering the effects
of signal/noise ratio on targets of large and small apparent sizes separately.
Although the basic form of the overall curve would be the same for both
kinds of targets, with asymptotes at elther end, the relative positions
of the curves along the signal/noise ratlo axis would be different. Large
targets would become asymptotic to zero performance, and to maximum perform-
ance, at lower signal/nolse ratios than for small targets. Furthermore,
the curve for large targets would level out at a higher value of maximum
detection probabllity than that for small targets. It 1s possible that
the results obtained in the present experiment arcse from the combined
effects of these two different curves in the particular region of signal/
noise ratiog investigated,

The effect of signal/hoise ratio on large and small targets is
shown in Figure 7.1.6 (page 58), but this classification of targets is
not based con apparent size, The results are therefore difficult to
interpret in relation to the hypothetical curves discussed above, For

small targets, which could all be regarded as small in apparent size at
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all ranges, detection probabilities are relatively low but it is not

possible to predict where the 14 - 30 dbs region investigated would

fall in relation to the appropriate hypothetical curve, or at what

maximum value performance would level out. Unfortunately, not enough

data relating to small targets were available from Experiment I to allow

appropriate comparisons to be made between the 30 dbs signal /noise ratio,

-televlision presentation and photographic presentation for these targets.

These comparisons would have glven some indication of the maximum perform-

ance level that could be expected for small targets under optimum conditlons

of signal/noise ratio. As can be seen in Figure 7.1.6 the increase in

detection probability with increasing signal/hoise ratio for small targets

is mueh more closely linear than that for large targets. However, the

very limited data available from Experiment I suggested that increase in

signal /moise ratio would not result in a significant improvement in

detection performance, although slightly higher values could be expected,
The large targets studied in this experiment could not be regarded

as large in apparent size at all ranges, but at short ranges they were

very little affected by the 14 - 30 dbs signal /noise ratios investigated.

This suggests that this region was towards the upper end of the hypothetical

curve for large targets.
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8.2 The effect of range on detection performance

The results of this experiment showed that for unskilled subjects
range significantly affected the three main performance measures,
although for search time the effect was only of borderline significance.
Performance deteriorated consistently as range increased; mean detection
probabllity and confidence level were lower and search time was higher.
In each case the relationship was linear. For the skilled subjects
only detection probability was significantly affected by range. For
search time and confidence level the overall trends were similar to
those for unskilled subjects, although non-significant:

The significant effect of range on performance for unskilled subjects
was also found in previous experimenté and would be expected from the
nature of the task involved. As in the case of signal/noise ratio, the
effect of range on the two main parts of the target acquisition task,
geographic orlentation and target recognition, can be considered
separately, It seems reasonable toc suppose, particularly under the
conditions of the present experiment, that the overall geographic
orientation task depends largely on the recognition of conspicuous
features at releatively short ranges, 1 - 2 miles. The correct Interpret-
ation of ground structure beyond these features is complicated by the
perspective effects inherent in obligue terrain views. In particular,
the effects of masking and clutter are accentuated, Thus, correct geographic
orientation and location of the target area become more difficult and the
chance of error greater as the range of the target increases,

Target recognition depends, once the correct target area has been
located, mainly on the apparent size and conspicuity of the target which
determine whether critical cues to recognition are avallable., As range
increases the apparent size of the target decreases (provided that the
camera fleld of view 1s constant) and contrast is reduced by atmospheric
attenuation. The diffleulty of the target recognition task therefore

increases raplidly with increasing range, and for small targets may become
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impossible at ranges of more than 3 miles. The effect of range on
targets of different sizes is considered in detail in Section 8.4.3
and here it need only be noted that both geographic orientation and
target recognition tend to become more difficult as range increases.
This is in good agreement with the results found in the present
experiment, although the linear nature of the relationship would
not necessarily have been predicted. This linearity 1s likely to
be a feature of the particular range values studied (1 - 4 miles),
and it may not be maintained at longer ranges.

The deterioration in performance brought about by increasing
range results from a change in scene content, the overall effect of
which is to make target acquisition more difficult. This can be
contrasted with the effect of decreasing the signal/noise ratio of
the display system which also results in a deterioration in performance.
In this case the actual content of the scene displayed is not changed
but the quality of the display is degraded by the visual noise. As
discussed in Section 8.llthe deterioration due to decreasing the
signal/noise ratio seems to be brought about by the increased
difficulty of target recognition, whereas the deterioration due to
increasing range appears to be associated with both geographlc
orientation and target recognition, but more extensive research would

be required to investigate these possibilities further,
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8.3  Target differences

8.3.1 Differences between individual targets

Analysis of the data obtained in this experiment showed that for
unskilled subjects target differences were the largest source of
variation in each of the three main performance measures. This had
also been found in previous experiments and there was no evidence to
suggest that the inclusion of five new targets in the test sequence
significantly altered the overall characteristics of the target group.
This suggests that the targets studied in this series of experiments
can be regarded as a representative sample of ground features of
different sizes in Southern England.

The significant correlations between the rank orders of the targets
according to detection probability, search time and confidence level
were also not affected by the addition of the five new targets. Further-
more, there were significant correlations between the rahk orders on
each measure for skilled and unskilled subjects. These results were also
found in Experiment I and need not be discussed here.

One result found in the present experiment, but not previously, was
that for unskllled subjects map-briefing times were significantly
correglated with other performance measures, Shorter map-briefing times
were associated with higher detection probabilitlies, lower search times
and higher confidence levels, This suggests that these subjects tended
to find the map-briefing task easier for those targets which subsequently

proved easier to detect,
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8,3.2 Classification of the targets.

It had been clear from previous experiments that a large amount,
although not all, of the variation between targets was due to the large
differences in target size, The increased number of test targets included
in this study made it possible to divide the targets into two groups and
carry out separate analyses on each group, This division was made
basically according to the ground size of the targets, 8ix of them, such
as bridges and buildings, could clearly be regarded as small and difficult
to detect and three, a pond, an airfield and a village were obviously large.
The remaining three targets, although relatively small, were situated very
close to large conspicuous terrain features, as detailed in Appendix III,
These targets were more difficult to classify since recognition of the
adjacent feature led almost inevitably to correct recognition of the
target itself, in spite of 1is small size, Thus, detection performance
associated with these targeis would tend to be more characteristic of
large targets than of small targets. These three targets were therefore
included in the large target group since not encugh data were available
to allow éeparate analysis of more than two groups: In terms of detection
probability the results showed that there were no significant differences
between five of the six targets which formed the large target group., The
remaining target (Target 10), although sixth in the rank order, had a
detection probabllity more characteristic of those asscciated with small
targets. This can be seen in Figure 7.1,4 (page 46). It appeared that
in this case the adjacent terrain feature was less conspicucus than would
have been expected from the map information,

Having divided the targets into these two groups it was possible
in the case of each performance measﬁre, to partition the total variation
into three compohents relating to the variation due to differences between-
the groups and due to differences within each group., As shown in the

Results section the difference bhetween the large and small groups was by
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far the largest source of target variation in each performance measure.
Furthermore, for both detectlon probabilities and search times the
variation within each of the two groups was not significantly different.
Thus, this classification led to two relatively homogenous target groups
instead of one in which there was a very high degree of variation., It
was therefore possible to make more precise analyses of the data,

This method of classifying targets, although apparently Justified
in this case, is not altogether satisfactory since 1% depends in some
instances on a subjective Judgment of the importance of terrain features
other than the target itself. An objective method of classifying targets
on the basis of apparent size is described by Rusis and Snyder (1965) who
carried out a dynamlie simulation study of the effect of the T.,V. camera
field of view on the detection of targets of different sizes. They
determined, for each of 15 targets, the percentage of the film frame
(52° x 30° camera field of view) covered by the target at a range of
1000 ft. and an altitude of 500 ft. These percentages were then rank
ordered and the targets on one half of the resulting continuum were
defined as small (mean area covered = 0.5%) and those on the other half
as large (mean area covered = 14%), No indication 1s given as to the
extent of the variation within each of these groups.

This method of classification has the advantage of depending only
on physical measurements, and apparent size is llkely to be a better gulde
than ground size as to whether a target will be readlly detected.

Kause (1965) studied the effect of television plcture degradation on
target detection in a static simulation experiment involving both
high-altitude and low-altitude imagery. In this experiment target size

was stated in terms of ground size and visual angle subtended. There was



~154-

conslderable variation in the ground size of the nine targets studied.
They ranged from 27 ft. to 392 ft., but seven of them were less than
110 ft. Although better performance was associated with the two largest
targets, calculation of Kendall's tau for the correlation between the
rank orders of the seven relatively small targets on the basis of
ground size and percentage of correct recognitions, indicated that

there was no significant correlation between target size and detection
probability.

This absence of correlation can be explained by the fact that
within a relatively homogenous group of targets the slight differences
in size do not give rise to consistent differences in performance and
thus there is no correlation between ground size and detection rate.
Although size is a convenient basls of classification it cannot be used
to reliably predict detectability unless the size differences are very
large. Particularly in the case of small targets, detection is likely
to be greatly influenced by other factors, including the presence of
conspicuous 'lead-in' features. This 1s alsc shown by the results of
the present experiment in which it was found that the detection proba-
bilities for small targets situated close to large, consplcucus features

were similar to those for large targets.



-155-

8.3.3 Differences between large and small targets

As discussed in the previcus section the classification of the
twelve targets into six large targets and six small targets, resulted
in two relatively homogeneous groups. The differences between these
groups, in terms of the three performance measures used, were highly
significant and the variation within the groups, although significant,
was very much less. For convenience the overall means of the three
performance measures for unskilled subjects are summarised in

Table 8.3.1,

TABLE 8.3.1

Mean values for the performance measures
for large and small targets

Detection Confidence

probability Search time level
Large targets 0.68 9.0 seconds 5.2
Small targets 0.24 13.2 seconds 4.2

It can be seen that the mean detection probability for small
targets is only slightly more than one third that for large
targets. In contrast to this substantial fall in detection
probability the mean confidence level for small targets is approxi-
mately 80% of that for large targets. Since the confidence level
scale ranged from 7 (completely certain) to 1 (very uncertain) the
mean value assoclated with large targets accurately reflects the
actual performance level in terms of detectlon probability. The
very optimistic value for the confidence level associated with small
targets may be due to the fact that subjects were only using the
upper half of the scale, or it may represent a genuine over-
estimation of their performance, Very simlilar values were found for

the skilled subjects.
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The low value of the overall detection probabllity for small targets
relative to that for large targets can he ascribed mainly to the difficulty
of recognising targets which cceupy only a very small proportion of the
display. In the present experiment the apparent size of the targets, in
terms of the proportion of the display occupled, depended largely on the
ground size of the targets and on range. The classification of targets
into large and small groups on the basis of ground size and the presence
of consplcuous terrain features has been discussed in the previous section.

S8lnce the camera field of view and the display size remained constant,
apparent size and range were inevitably confounded. The large targets,
viewed from ranges of 1 or 2 miles, occupied on average approximately 15%
of the display. (In the case of targets situated immediately adjacent to
large terrain features, this value relates to the size of the large
feature and not the target itself). Under the conditions studied in the
present experiment these targets viewed at short ranges were extremely
consplicucus and could be regarded as large in apparent size. When the same
targets were viewed at ranges of 3 or 4 miles the proportion of the
display occupiled by the targets decreased to an average value of approxi-
mately 1%. This value was comparable to the average for small targets
viewed from 1 to 2 miles. At longer ranges the small targets occupied
considerably less than 1% of the display.

The difference between the value of 15% (corresponding to large
apparent size) for large targets viewed at short ranges and the values of
1% or less {corresponding to small apparent size) for all other target
size and range combinations appeared to be critical in this experiment,
very high detection probabilities and confidence levels beihg assoclated
with large apparent sizes. Thus there was an important difference between
the large and the small target groups in terms of the effect of range on
apparent size. Whereas the small targets under all range conditions were
effectively small in apparent size, the large targets were elther large

or small in apparent size depending on the range from which they were viewed.
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This difference complicated the interpretation of effects which
appeared to depend on apparent size,

It should be emphasised that this experiment was not intended to
investigate effects due to apparent slze. The classification of targets
was basically according to ground size and was intended to allow more
precise analysis of the data in relation to practical situations. Consid-
eration of apparent sizes In the present experiment is only relevant to
the Interpretation of the results cobserved. A more extensive experiment
In which the apparent sizes of the targets are carefully controlled in a
quantitative manner would be requlred for the detailed investigetion of

the effect of visual nolse on targets of different sizes.
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8.4 Interaction effects

This section is concerned with the interactions bétween the main
factors studied, signal/noige ratios, ranges and targets. Possible
explanations can be suggested on the basis of similar assumptions to
those made previously, for the results obtained from the analyses of
these interactions. The three interactions are considered in the same
order as the corresponding results sections: signal /noise ratio x range,

signal/noise ratio x targets and range x targets.

8.4.1 The interaction between signal /noise ratio and range

The interaction between the four levels of signal/noise ratio and
the four levels of range studied was found to be non-significant for each
performance measure. Only in the case of the detection probablility data
was further analyslis worthwhile, For this performance measure the effect
of range on performance under conditions of high signal/noise ratio (30
and 24 dbs) and low signal/noise ratio (19 and 14 dbs) was analysed
separately.

As would be expected, under both conditions detection probability
decreased linearly with range. Furthermore, performance was lower and,
in general, significantly so, at each range under conditions of low
signal /noise ratio, This would ale> be expected since, as already discussed,
low signal/noise ratios increase the difficulty of recognising targets of
small apparent size., It might therefore be expected that the effect of
low signal/noise ratios would be accentuated as range increased and
apparent size decreased. Although there was some evidence of this, as
shovn by the fact that the regression lines of detection probabllity on
range for the two signal/noise ratio conditions tended to diverge slightly
towards longer ranges, the effect was not significant. A possible
explanation is as follows, In this analysis all twelve targets were

considered together. If all these targets were large in ground size, their
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apparent size on the television monitor would tend to be large at

short ranges, 1 and 2 miles, but at long ranges, 3 and 4 miles, their
apparent slze would tend to be small. Thus one would expeet that the
detrimental effect on performance of decreasing the signal/noise ratio
from high to low would be relatively slight at short ranges but
significant at long ranges: The two regression lines would therefore
diverge significantly towards the long ranges. On the other hand, if
the ground sizes of all the targets were small, thelr apparent size on
the television monitor would be small at all ranges. Thus the effect

of decreasing the signal/noise ratio would be approximately the same

at all ranges, and the two regression lines would be parallel. However,
the twelve targets studied in this experiment comprised six large
targets and six small targets. The differential effect of range on the
detection of the twelve targets under high and low signal/noise ratio
conditions would therefore be intermediate between that for large
targets (significant effect) and that for small targets (non-significant
effect). This was in agreement with the result found, a slight but
non=-significant tendency for the two regression lines to diverge towards
longer ranges. Although this is only a qualitative explanation, some
evidence for it can be seen in Figure 7.1.8 (page 70). This figure shows
the regression lines of detection probability on range for high and low
signal/noise ratio conditions, each further divided into large taréets
and small targets. It can be seen that for small targets the regression
lines are almost exactly parallel, indicating that small targets are
similarly affected by range under conditions of high and low signal/
noise ratios., Por large targets the corresponding regression lines

tend to diverge towards longer ranges, indicating that the difference
between high and low signal/noise ratios 1s greater at longer ranges.
This 1s confirmed by the fact that at ranges 3 and 4 miles the differences
between high and low signal/noise ratio values are significant whereas

at ranges 1 and 2 miles they are not.
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8.4.2 Signal/noise ratio x targets interaction

The results showed that for both unskilled and skilled subjects
the interactions between the twelve targets and the four levels of
signal/noise ratio were, in general, non-significant for each parform-
ance measure, The only exception to this was the significant interaction
found in the confidence level data for unskilled subjects. In addition,
for the detection probability data, the linear regression component of
the interaction was highly significant. Thus there was evidence that
performance associated with different targets was differently affected
by decreasing the signal/noise ratio, as would be expected from the
variation in apparent sizes.

For both the detection probability data and the confidence level
data, the effect of signal/noise ratio was analysed separately for large
and for small targets. This analysis was not carried out for search
time data since signal/noise ratio had been found to have no overall
effect on this performance measure.

Analysis of the detection probability data showed that for both
large and small targets detection performance decreased linearly with
decreasing signal/ noise ratio. At each of the four levels of signal/
nolse ratio detection probabllity was significantly lower for the small
targets as shown in Figure 7.1.6, vege 58. Both these results would be
expected from the detrimental affect of decreasing signal/noise ratio on
the detection of targets of small apparent size. As discussed previously,
all the targets in the small target group could be regarded as having
small apparent size at all ranges. For these targets the relationship
botweon signal/noise ratio and detection probability was closely linear.
On the other hand, for the large target group the detection probability
values at each signal /nolse ratio represented an average effect on targets
of both large apparent size (those presented at short ranges), and small
apparent size (those presented at long ranges), since in this analysis

the data were averaged over all ranges. Thus there was greater variability
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in these data. The regression line showed that performance deteriorated
more slowly towards the lower signal/noise ratios than for the small
target group. However, the extent to which the regression lines
diverged was slight and the effect was not significant, This is due to
the fact that, as previously explained, the large target group included
targets of small apparent size (those presented at long ranges) and
those reduced the overall interaction effect. This possible explanation
for the results of the analysis of the interaction between signal /noise
ratio and target size exactly parallels that for the interaction between
range and high and low signal/noise ratlos. Both explanations depend

on the faet that range affects apparent size differently for small targets
and for large targets, in terms of the significance of the signal/moise
-ratio effect. TIn the analysis of the interaction between high and low
signal/noise ratios and range no distinction was made between targets of
different sizes. Similarly, in the analysis of the interaction between
signal/noise ratio and target size no distinction was made between
different ranges., Thus the interaction between signal/noise ratio and
the apparent size of the target was not apparent in either analysis,

The results found in the analysis of the effect of signal/noise ratio
on confidence levels associated with large and small targets showed
similar trends to those found for the detection probability data. Two
differences should be mentioned. PFirstly, there was evidence of non-
linearity in the effect of signal/noise ratio on confidence levels for
large targets, the value at 19 dbs signal/noise ratic being unexpectedly
high. This corresponded to a detection probability value slightly lower
than would have been expected which suggests that the subjects were not
aware of the deterioration in their performance at this signal/noise ratio
level. The second difference, the fact that for small targets there was no
significant effect of signal/molse ratio on confidence level, also Suggests
that subjJects were not accurate In assessing their own performance

relative to the signal /moise ratio conditions tested.
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8.4.3 The interaction between ranges and targets

The interaction between the ranges and targets was significant for
each performance measure. Further analyses were carried out t6 determine
the effect of range on large targets and small targets separately. In
each case 1t was found that performance deteriorated with increasing range
and that the levels of performance associated with small targets were
significantly less favourable at each range than those for large targets.
These results are in accordance with expectation. Although, for each
performance measure, the two regression lines relating to large and small
targets converged slightly towards longer ranges (see Figure 7.1.7, page
65, Figure 7.2.3, page 93 and Figure 7.3.4, page 123) this effect was
only significant for the detection probability data,

The significance of this interaction would be predicted from the
effect of range on apparent size for targets of different ground sizes. As
discussed previously, large targets viewed from short ranges were large in
apparent size, and were relatively easily recognised under the conditions
investigated., At longer ranges the apparent sizes were small and a
mich higher degree of overall geographic orientation was necessary. Thus
performance tended to deteriorate markedly with range. For small targets
the effect of range on detection probability was less marked since even at
short ranges these targets were not very consplcuous and to locate them
some reference to surrounding terrain features was necessary. The two
regression lines of detection probability on range were therefore non-
parallel and tended to dliverge at short ranges.

The various combinations of range and target size studied in this
experiment resulted in considerable differences in the nature of the
acquisition task, in terms of the relative importance of geographic
orientation and target recognition., For large targets at the 1 mile range
the task was extremely easy and almost nc overall geographic orientation
was necessary for correct recognition of the target. Conversely, for small
targets at the four mlles range actual recognition of the target was

virtually impossible but the correct target area could be located by
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reference to more conspicuous terrain features. Between these two
extremes, other combinations of target size and range resulted in
situations in which, in varying degrees, both general geographlc orien-
tation and actual recognition of the target were important.

For small targets at the 4 mile range, location of the target area
(i 500 ft. from the target position) was regarded as a correct response.
These limits made the task comparable to that of locating a large target
at the 4 mile range, It therefore is possible to compare performance at
this range for acquisition tasks in which only geographic orientation
18 involved (locating target areas for small targets), with those in which
both orientation and recognition is possible, (actual recognition of
large targets). The importance of actually being able to recognise the
target, after locating the probable target area, iz shown by the much
higher probability for a correct response for the detection of large
targets at 4 miles than for the detection of target areas, comparable in
apparent size, for small targets. The difference in detection probabilitles
for large and small targets at this range is considerable, as can be seen
in Flgure 7.1.7, but other factors may also contribute to this.

A different siltuation occurs at the 1 mile range, at which, for large
targets the task involves only recognition, whereas for smell targets some
degree of geographic orientation with reference to features i1n the fore-
ground is also required. At this range the difference in detection prob-
abilities for large and small targets is even greater than at range 4 miles,
this being due to the particularly high values found for large targets

when no overall orientation is necessary.
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8.5 Differences between skilled and unskilled subjects.

The results of £his experiment showed that there were no significant
differences between skilled and unskilled subjects in overall mean detecticn
probability and confidence level, These results are in agreement with
those found in Experiment I and, in the case of the detection probability
data are also in agreement with results found by Erickson (1966). He
studied the visual search performance of 12 high school students and compared
it with that of pilots. The experimental task was the recognition of a
target agalnst a plain background containing non-target objects, in the
presence of visual noise. He found that the absolute performance of the
students was effectively the same as that of the pilots., Erickson concludeé
that, 1f the task does not depend on specialised pilot experience, students
can be used to glve preliminary estimates of the visual search performance
that could be expected from pllots.

Whilst the task in the present experiment is clearly much more closely
related to the pllots' experience, it appears that, provided adequate
training is given, unskllled subjects can achieve detection probabllities
very similar to those of the skilled subjects. However, the static nature
of this slmulation technique made the experimental task somewhat unrealistic
in terms of the operational experience of the pllots and possibly dynamic
experiments would reveal differences hetween skilled and unskilled subjects.
This is to some extent confirmed by a dynamic simulation experiment carried
out by Gilmour (1964) in which the performance of skilled and unskilled
subjects was compared. It was found that on first exposure to the series
of targets the skilled subjects showed a higher probability of correct
acquisition but there was no difference between the two groups in the

range at which acquisition occurred,
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The present experiment showed that the mean search times for the
skilled subjects were significantly higher, and the mean map-briefing
times significantly lower, than the corresponding values for unskilled
subjects., On the basis of the results obtained in Experiment I it would
have been expected that both search times and map times would have been
lower for skilled subjects than for unskilled subjects. This apparent
anomaly can be explained by differences between the two groups of skilled
subjects. In Experiment I the skilled subjects were experienced at high-
speed, low-level navigation carried out both by direct view and by means
of television., In the present experiment the skilled subjects were not
experienced at low-level flying or television navigation., Thus, although
they were skilled at map-reading, and this is reflected by the fact that
their map-briefing times were significantly less than those for unskilled
subjects, the simulated television navigation task was new to them, It
could therefore be expected that the mean search times would not be shorter
than those for unskilled subjects, However, this deoes not explain why they
werg in fact, significantly longer.

Two tentative suggestions can be put forward to account for this.,
Firstly, the skilled subJects were considerably older (average age 37 years
as compared with 20 years for the wnskilled subjects) and secondly, they were
considerably less intelligent, as measwred by Heim's test of intelligence,
than the unskilled subjects, Taken together these two factors might account
for the unexpectedly long search times required by the skilled subjects who
took part in the present experiment, since older and less intelligent subjects
might be expected to take longer to carry out a task new to them, This did
not occur in Experiment I since, although the skilled subjects were again
older than the unskilled subjects, they were experienced at television
havigation and were of an average intelligence level comparable to and, in

fact marginally above, that of the unskilled subjects.
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In view of the lower average intelligence level of the skilled

subjects who took part in the present experiment and their lack of

television navigation experience it might be expected that they would have

achieved a lower overall detection probability than the unskilled subjects.

However, the results suggest that the comparable level of detection

probabllity was achieved at the expense of the lohger search times.

The overall conclusions that can be drawn from these comparisons of

skilled and unskilled subject performance in Experiment I and the present

experiment are that:

(a)

(v)

(¢)

The overall performance of skilled subjects in terms of detection
probability is closely simlilar to that of the unskilled subjects,
However, mean search times may be longer or shorter than those

for unskilled subjects depending on the age, background experience
and intelligence of the skilled subjects. If these are favourable,

as in Experiment I, search times are likely to be shorter than
corresponding values for unskilled subjects, If these factors

are unfavourable, i,e, higher average age, lower intelligence and

no experience of television navigation, as in the present experiment,
search times tend to be longer for those found for unskilled subjects,
Map-briefing times were consistently and significantly shorter for
the skilled subjects than the unskilled subjects, These values were
exceptionally short for the skilled subjects who took part in
Experiment I.

The overall performance of different groups of unskilled subjects

in terms of the performance measures made is very consistent, provided
that the subjects are of high intelligence and that the groups are
equally matched in this respect. It is also important that they are
adequately tralned for the task and that the experimental procedure

1s standardised.
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8.6 Relationship between psychometric measures and detection performance.

In general, detection performance did not correlate well with
any of the Individual scores obtained from psychometric tests. The
main exception to this was the significant correlation for unskilled
subjects between intelligeﬁce scores and accuracy scores, i.e, the
proportion of correct detections made by each individual subject. As
found in Experiment I, the more intelligent subjects tended to achieve
a higher proportion of correct detections. This correlation was not
significant for the skilled subjects. It is of interest to have confirmed
the significance of the correlation between intelligence and detection
| performance for unskilled subjects since this clearly has implicatfons
in the selection of students to take part in this type of experiment.
The correlation between high scores on the neuroticism scale
and low mean search times was significant for the skilled subjects
but not for the unskilled subjects. This result was found for both
groups of subjects in Experiment I and suggests that the more neurotic
subJects, who would have found the situation more stressful, tended

to work more guickly.
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8.7 Comparison of the results with those found from dynamic experiments.

The performance measures used ln the present experiment do not
correspond directly with those obtained in dynamic experiments. In
particular, the measurement of search time was unrealistic under static
simulation conditions and it is difficult to relate these times to
dynamic conditions. Furthermore, the measurement of a subjective
Judgment, confidence level, is apparently not used by other workers in
this field of research and no comparisons can be made.

The detection probabllity results can be compared with those found
by other workers but even 1n this case the overall means do-not correspond
directly. In dynamic experiments 1t is usual to measure the range at
which recognition occurs and whether or not it was correct. Under such
conditions, subjects, unless instructed otherwise, will tend to wait until
the target is close enough for the chance of correct recognition to be
high. In the present static experiment subjects were exposed to each
target at one range only and had to attempt recognition at that range.
Thus, if the range was relatively large the chance of correctly locating
the target area was proportionately low. The small targets were normally
undetectable at long range and location of the target area, + 500 ft. from
the target at a range of 4 miles, was counted as a correct response,

The detection probabllities averaged over all range conditions in
the present experiment do not therefore adequately represent the proportion
of targets that would be detected in a dynamic situation. Reports of
dynamic simulation experiments suggest that the mean recognition ranges
for small targets are 1 mile or less and for large targets are rarely
more than 1 - 2 miles, depending on the method of simulation, altitude,
field of view and other factors, {Gilmour, 1964, Rusis and Snyder, 1965).
In relating the results of the present experiment to dynamic conditions it
is therefore more appropriate to use the detection probabilities for the
1 mile range than the overall values. Even the 1 mile range values may be

low as compared with dynamic data since in the present experiment subjects
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exposed to a target under the 1 mile condition had not previocusly seen
any longer range view of that target. They had therefore no prior
indications as to the probable target area which an aircraft navigator
would normally have been able to acquire at longer ranges. This is
likely to be more important for small targets than for large ones which
are very conspicucus at the 1 mile range.

Dynamic experiments carried out by Gilmour (1964) and by Rusis and
Snyder (1965) did not include visual noise as a factor for investigation,
although the latter experiment did invelve televislon presentation.

Kause (1965) studied the effect of visual noise by a static simulation
technique; Not only did the simulation methods differ in these three
experiments, but also altitude, field of view and briefing materiai., It
is therefore not possible to make detailed comparisons of the results of
these experiments and the present one. However it Is of interest to
investigate in general terms the implications of the wvarious results
obtained, particularly in relation to the effect of target slze on
detection performance, under conditions of visual noise,

Kause concludes from the results of his experiment that in the air-
borne situation large military targets would be detected with a success
rate of 90-100% over a wide variety of conditions including moderately
severe plcture degradation. This prediction is in accordance with the
results reported by Gilmour and by Rusis and Snyder for large, conspicuous
targets. The results of the present experiment indkate that for large
targets detection probability is 87% at 1 mile range. The gradient of the
regression line of detection probabllity on range for large targets (see
Figure 7.1.7, page 65) predicts that at zero range the corresponding
detection probability would be very close to 100%.

These values suggest that in a dynamic situation the chance of a correct
detection before the target disappears out of the field of view will be
87 - 100% depending possibly on the extent of the dead-space in front of

the aircraft. As shown in Figure 7.1.8 (page 70) the values are not very
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much affected by whether the signal /noise ratio is high or low. These
results are therefore, as far as can be determined, in good agreement
with those of other workers. Further evidence is provided by data
obtained in dynamic simulation experiments carried out at the Royal
Aircraft Establishment, Farnborough. The detection of a number of large
targets was studied under conditions of signal/noise ratio varying from
12 dbs upwards., It was found that signal/noise ratio had no significant
effect and detection rates were approximately 90%, again in good agree-
ment with those discussed above. It 1s therefore reasonable to conclude
that the detection of large targets, or the location of target areas, is
not likely to give rise to serious difficulty under typical operational
condi tions.

The situation is considerably more complex for small targets and
detection probabllities appear to vary widely according toc the conditions
1ﬁvestigated. Again, detailed comparisons between the results of the
present experiment and those of other workerg are not meaningful since
the experimental condltions, particulérly altitude and field of view,
varied so widely. It is obvious, howeven that the detection probabilities
found in the present experiment are substantially lower than those
reported by Kause (1965) and by Rusis and Snyder (1965) for small targets,
although the ground size of the targets involved were comparable to those
of the small targets used in the present experiment.

The relevant values obtained in the present experiment, relating to
the 1 mile range, were 4#6% under conditions of high signal/noise ratio
and only 20% under conditions of low signal /noise ratio. TIf the relative
difference between these values is mdantalned under dynamic conditions and
it is reasonable to suppose that this will be so, then it is cleaﬁly
important that in operational situations the signal/noise ratio should not
be allowed to fall below the high level (24 - 30 dbs) studied in this
experiment. Preferably the value should be as close as possible to 30 dbs,

particularliy as the effect of decreasing sigﬁal/hoise ratic on the detection
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of small targets may be sccentuated under dynamic conditions.

There are a number of reasons why the mean detection probabilities
found for small targets are low compared with those of other workers.

In particular, for a comparable field of view, the detection probabilities
reported by Rusis and Snyder (1965) for small targets relate to mean
recognition ranges of approximately 0.50 miles, at an altitude of 500 f%.,
whereas in the present experiment no range values of less than 1 mile
were studied. The type of briefing material used is also likely to be

an important factor. In the static experiment carried out by Kause a
hgh quality briefing photograph was provided, and subjects also had a
preliminary high-altitude view in which to locate the target area, In
the present experiment the only briefing provided was a 1 inch=1 mile map.
Thus, it would be expected that in both these experiments detection
probabilities would be higher than thogse obtained in the present experi-
ment, as was found,

It was possible that the actual detection probabilities for small
targets at 1 mile range, obtained in the present experiment are also low
as compared with those that might be obtained in flight trials under
simllar level of visual noise, particularly if more effective briefing
material were available.  However, for very small targets whose position
cammot be directly related to information glven on a map or other form
of briefing material the situation is different and these detection
probabilities, although low, are likely to be higher than those that would
be found under operational conditions.

The results of the present experiment, considered together with those
obtained by other workers under dynamiec conditions, can thus be used to
predict in general terms the effect of visual nolse on dynamic detection
performance. These conclusions can be summarised as follows:

(1) There is good agreement that large, conspicucus targets will be
detected with a success rate of 90-100% under a wide range of

operational conditions including moderately severe visual noise,
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(11) For small ground targets success rates are likely to be considerably
lower than for large targets, although not as low as those found
in the present static experiment, and they are 1ikely to be
significantly affected by conditions of wvisual noise. To minimise
this effect signal/noise ratio should preferably not fall below
30 dbs and certainly not below 24 dbs. The type of briefing
information used 1s also likely to be important.

(1ii) For very small targets whose exact position cannot be determined
from the available briefing information success rates cannot be
predicted but they are liable to be extremely low in the presence

of visual noise and, in some cases, the task may be impossible.

8.8 Further work

The results of the present experiments, and those obtained by other
workers, indicate a number of areas in which further research into the
effect of visual noise on target detection performance would be of value.
Some of these are clearly related to practical situations, but others
are of a more fundamental nature.

From a practical point of view further research should be closely
associated with the operational requirements of the system., The present
experiment showed that the signal/noise ratios studied allowed observers
to achieve acceptable levels of performance for large targets, However,
if the system is intended for use in the recognition of small targets,
then the achievement of acceptable performance is more doubtful, even if
the signal/noise ratio is maintained in the upper levels studied,24 - 30 dbs.
Tne important area of further investigation 1s therefore the acquisition
of all types of small targets, in the presence of visual noise, under

dynamic conditions,
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One subject of this investigation could be to determine whether, under
dynamic conditions, any improvement in the recoghition of these targets
would result from increasing the signal/noise ratio above 30 dbs, On the
whole, the results of this experiment suggest that such an improvement, if
it occurred at all, would not be large encugh to Justify the additional
cost and complexity involved, except in very critical sltuations,

Since it appears that, above this upper level, performance is limited
by factors other than visual noise, then further work should he directed
towards the improvement of performance by different means, If the critical
factor affecting performance under conditions of noise 1s the apparent size
of the target on the display, then it is possible that decreasing the field
of view and thus magnifying the target would result in an improvamnent in
recognition performance. However, this tends to lead to increased difficulty
in geographic orientation which is pariticularly important In the acquisition
of small targets, This problem could be overcome by the use of a variable
focal length lens but such systems tend to reduce resolution, It is there-
fore difficult to assess the overall effect of magnifying the target but,
if a wide fileld of view were also available for orientation purposes, this
facility might have a favourable effect on performance under conditions of
noise,

Another factor which might prove of importance in improving acquisition
performance under conditions §f visual nolse is the type of briefing infor-
mation given, It is common practice to use a high quality target photograph,
wien this is available, for briefing purposes both in operational situations
and in some of the simulation experiments described in this report., The
advisability of presenting photographic briefing material under noise-free
conditions as an ald to performance under conditions of visual noise can be
questioned, since it is vital that briefing information should not be mis-
leading. It is possible that high quality briefing material gives rise
to false expectation, even if the subject 1s aware that the quailty of the
display he 1s subsequently to be presented with may be degraded, This 1is

likely to be detirimental to performance.
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There is some evidence for this from an experiment carried out by
Baker, Morris and Steedman (1960). They studied the speed and accuracy
of form recognition as a function of, among other factors, the amount of
distortion between the reference form which acted as briefing material,
and the target form which was embedded in a complex display, The results
showed that both search time and errors increased as the-degradation of
the target form relative to the reference form increased, The display
degradation studied was a deerease in resclution, but it is certainly
possible that a similar effect woﬁld be found if the degradation was caused
by visual noise,

A further result found by Baker et al was that the absolute resolution
of the forms appeared to be of little significance so long as the resoclution
of the reference form was the same as that of the target form. Although
this result may not apply in the case of degradation due teo visual noise,
it would be worth investigating the possibility in the context of the
situation Involved in the televisual detection of ground targets during
high-speed, low-level flight. Such an experiment would c¢learly have impor-
tant implications for acquisition tasks in which a target photograph was
the main form of briefing information,

Although the present experiment was intended to provide information
of basically practical, rather than fundamental value, the detailed analysis
of the data allows interpretation of the results in terms of a number of
possible explanations, The validity of the suggestions put forward to
account for the observed effects could be assessed by means of more funda-
mental studies, In particular, the following investigations would confirm

or refute the explanations put forward:

(a) A study of the effect of noise on the recognition of targets of dif-
ferent apparent sizes under conditions in which apparent size was not
confounded with range. Rigorously controlled conditions could possibly
most easily be obtained by the use of simulation techniques, particularly

high fidelity terrain simulation,



(v)

(e}

(d)
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An investigation into the effect of visual noise on (i) gecgraphic

orlentation and (ii) target recognition carried out as-separate tasks

rather than combined in the overall acquisition task.

(i) The ability of a subject to relate map information to a terrain
display, on which visual noise was superimposed, could be studied.

(11) Target recognition in the presence of noise could be studied by
investigating changes in Yavailable range', as described by

Gilmour (1964), as visual noise increases,

An experimental investigation of the possibility that, if moderate

noise has little or no effect on geographic orientation, this could be
partly due to the fact that the electronic neoise on the display may

tend to reduce the effects of fterrain noise'. Thus, umwanted features
in the display, which yield no useful 1nformation would appear to be
masked, but the major featuresz of the terrain, recognition of which is
vital to correct orlentatlion, would be relatively little affected,

Some form of artificial display simulating conspicuous 'lead-in?! features

and various levels of terrain noise could be used in this type of study.

A study of the effect of a much wider range of signal/noise ratios on
targets of known sizes so that hypothetical curves discussed in Section

8.1 could be investigated.

These suggested investigations would involve a very extensive research

program but the results would be of value, not only in relation to the

effects of visual noise, but also in elucidating the fundamental nature

of the target acquisition task,
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APPENDIX I

Since this report contains a number of references to the firsi
experiment carried out in this series, the summary and a table of
the main results found in Experiment I are shown on the following

pages for convenient reference.
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EXPERIMENT T

SUMMARY

A static similation technique was used in this target detection
experiment to investigate the effect of navigational uncertainty,
range to target and target difficulty on four measures of performance.
These were detection probability, search time; confidence level of
decisibn and map-briefing time. The experiment was based on a T x 7
(targets x conditions) Latin Square design. Seven skilled pilots
and navigators, and 21 students of comparable ability, as assessed by
intelligence and perscnality tests, acted as subjects.

The results showed that none of the performance measures considered
were affected by navigational uncertainty. For unskilled subjects
detection probabillity and search time were significantly related to
range, The relation was linear. As range increased from one to
four mlles detection probability decreased and search time increased.
There were significant differences bhetween the targets for each
measure of performance, When the targets were ranked according to
each of these measures significant associations were found between
the rankings. Targets which had high detection probabilities tended
to have short search times and high confidence levels associated with
them. The converse was alsc true.

The performance of skilled subjects was very similar to that of
the unskilled subjects, but the former took significantly less time
in map-briefing and in searching for the targets.

In the discussion sections the general suitability of the experi-
mental technlque 1s assessed and the results considered in relation to

further work at present being carried out,



EXPERIMENT T

TABLE OF MAIN RESULTS FOR UNSKILLED SUBJECTS

DETECTION PROBABILITY SEARCH TIME CONFIDENCE LEVEL MAP-BRIEFING TIME
gﬁgéggg%gggL No significant effect. No significant effect. No significant effect. No significant effect.
Significant linear Significant linear Significantly higher No effect found
relationship between relationship between confidence scores for {None was expected
increasing range and increasing range and lower ranges. since the subject
RANGE decreasing detection decreasing search time, was not told the
probability. Detection Mean search times 1in- range of the target
probabilities fell from creased from 9.7 secs. while briefing him-
C.74 at 1 mile to 0.52 at I mile to 14,0 secs. self on the map).
at 3 miles. at 3 miles.
Letection probabilities Significant differences Significant differences|S8ignificant differences
varied from 1.00 to 0.28 in mean search times- between targets. but rankings on map-
TARGET for the seven targeis. between easiest and most briefing time not
DIFFERENCES Significant differences difficult targets, related to rankings on
between easy, average Range: -4.4 -~ 18,1 secs. other performance
and difficult targets. measures.
DIFFERENCES Yo significant differences, Skilled group were No significant Skilled group were
BETWEEN SKILIED Overall detection proba- significantly faster than | differences. significantly faster
AND UNSKILLED bility was 0.59 for the unskilled group, but than unskilled group.
SUBRJECTS unskilled and 0.61 for target rankings on search

the skilled group.

time were closely simllar
for each group,

-og1-
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APPENDIX II

The design of this experiment was based on a 12 x 16 {targets x
conditions) matrix. The 16 conditions tested resulted from the
combination of four S/N ratio values aﬁd four range conditions., Sixteen
unskilled subjects were assigned to the matrix so that each subject saw
each target once and once only and each S/N ratio and each range three
times. This matrix was replicated iwice using & total of 32 subjects.

The eight skilled subjects were exposed to only two SAN ratios
and the experimental design was therefore based on a 12 x 8 (targets x
conditions) matrix. The experimental schedules for unskilled and

skilled subjects are shown on the following pages.
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- UNSKTLILED SUBJECTS,

Range| s/ TARGETS
ratilo} 3 1 17 16 15 13 1 @20 11 6 5 9
1% 1 5 9 13 1 12 8 4y 11 3 15 7T
19 2 6 10 1% 15 11 7 3 9 1 13 5
" 2k 3 7 11 15 14 10 6 2 12 4 16 8
-30 b 8 12 16 13 9 5 1 o 2 14 6
13 116 4 8 12 1 13 9 5 6 10 2 14
19 13 1 5 9 4 16 12 8 ? 11 3 15
) 24 14 2 6 10 3 15 11 7 5 9 1 13
| 20 15 3 7 11 2 14 10 6 8 12 4y 16
14 11 15 3 7 6 2 1% 10 16 8 12 4
19 {12 16 4 8 5 1 13 9 14 6 10 2
? el 9 13 1 5 8 4y 16 12 15 7 11 3
30 10 14 2 6 7 3 15 11 13 5 9 1
14 6 10 14 2 11 7 3 15 1 13 5 9
) 19 7 11 15 3 10 6 2 13 4y 16 8 12
24 8 12 16 4 9 5 1 13 2 1% 6 10
30 5 9 13 1 12 8 4 16 3 15 7 11

The numbers shown in this matrix relate to 16 unskilled subjects who
were exposed to the combinations of target-range-8AN ratio conditions as
indicated. The order of presentation was randomised in each case. This
matrix was replicated twice. For the second replication, using a further

16 subjects, the orders of presentation were re-randomised.




-183-

SKILLED SUBJECTS

Range | S/ TARGETS
ratio| 3 14 17 16 15 13 1 20 10 6 5
14 1 8 7 6 5 4 3 2 1 8 5
1
24 2 1 8 7 6 5 4 3 2 7 6
14 3 2 1 8 7 6 5 4 3 2
2
24 4 3 2 1 8 7 6 5 4 1 8
W |5 3 3 2 1 8 7 6 5 4 1
3
24 6 5 4 3 2 1 8 7 6 >3 2
14 7 6 5 it 3 2 1 8 7 6 3
]
24 8 7 6 5 4 3 2 1 8 5 4

The numbers shown in this matrix relate to the 8 skilled subjects
who were exposed to the target-range-S/AN ratios as indicated. The order of

presentation was randomised in each case.
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APFENDIX TIII

In the detalled statistical analysis of thls experiment the twelve

targets were divided into two groups of six. The first group consisted
of small targets, e.g. bridges, buildings, ete. The second group of
targets consisted of targets which were either large, e.g. an airfield,
or sltuated immediately adjacent to a large consplcuous feature, e.g.
a station immediately adjacent to a large pond. Since recognition of
the conspicuous feature greatly facilitated detection of the adjacent
target, 1t was appropriate to include these three targets in the large
target group. Details of the targets in each group are shown on the

following pages.
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CLASSIFICATION OF TARGETS INTO TWO GROUPS

SMALL, TARGETS

Number Name Description

1 Aldershot Garrison Church A church situated in a dense
built-up area, interspersed
with woodland.

5 Wellington Monument A white obelisk situated in
woodland.

i

6 Road/river bridge near A bridge partially masked by

Sheffield a surrounding patch of
woodland.

13 Cross-roads at Cross-roads In a built-up

Bordon Camp area.

15 Cross-~roads at Hindhead Cross~roads in built-up area
surrounded by woodland.

17 Charterhouse School School buildings surrounded
by fields on the edge of a
built-up area.

LARGE TARGETS

9 Cdiham airfield An airfield situated in open
country.

14 Frensham Pond A large consplcuous pond

16 Chiddingfold Village A village in an open area
surrounded by dense woods.

* .

3 Fleet Station A small station on a long
straight streteh of raillway
and adjacent to a large pond.

W
10 Rail/road bridge East A bridge close to two large
of Chawton patches of woodland and a
large country house.
*
20 Major road-over-road A flyover at the junction of

crossing

four major roads, close to a
large conspicucus wood.

»*
The asterlsk indicates targets which are close to large
consplcucus features,
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APPENDIX IV

This appendix shows the detailed results
of the Logit analysis of the detection probability data
carried out by Professor P. Armitage of the Department
of Medical Statistics and Epidemiology, London School
of Hygiene and Tropical Medicine, who wrote the following

report.
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logit analysis of detection probability data

The method is basically a linear logit model belng fitted to the

192 observations, each providing a number of successes out of 2. No

account is taken of subjects,

(xe to X5

1l for all ohservations
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" effect



16

X

17
18

X

X

19

*o0

-188~

1 for SAN ratio
-1 for S/N ratio

-1 for S/N ratio 24
1 for §/N ratic 30

.. X x

13 15

x X x

13 16

Xy * X5

= X Xx

14 16

14(dbs)
19

1t

x16 represents quadratic

noilse effect

(Iinear range X linear SN ratio interaction)

(Linear range X quadratic S/N ratio)

(Quadratic range ¥ linear S/N ratio)

(Quadratic range X quadratic S/N ratio)

The regression ccefficients, with standard errors, are as follows,

Numbers in breckets are numbers of successes out of 32,

Target
3
14
17
16
15
13
20

10

9

by

0.93 1

1+

-0.22

1+

~-0.31

1+

-1029

-001“0

'+

1+

-1.21

1+

-1.64

14+

-0.64

14+

-1.21
~2.18 1
-1.86 £
2137t

0.25

0.34
0.2>
0.32%
0.33
O.32*

0. 34%

(25)
(24)
(11)
(23)
(12)

(7)

0.32(*)(20)

0.32#%
0.41+
0.36%
0.35%

(12)
(3)
(%)

(10)

(27)

b13 =

by =

b15 =
b

16 ©

= 0.002
= 0,027

= 0.032

-0.118 ¥ 0, 0p9x

0.066 £ 0,063

14+

0.103 - 0.029+

i+

-0.010 ~ 0.062

14

0.013

14

0.028

'+

0.028

-0.085 ¥ 0.063

Asterlisks denote coefficients more than twice their standard errors.

However, the standard errors ought to be increased by about 11% for reasons

explalned below, and this affects the status of b8. Differences between

pairs of b's for different targets have about the same precision as

individual b's (since the latter also represent a contrast between two

targets), It is rather difficult to.group the targets clearly into clusters

since even the largest gap between the panked responses (that between targets
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15 and 20) is not significant. There are, of course, very highly
significant differences between the group of targets with the lowest
success rate and that with the highest rate,

The coefficients b13 and b15, representing the linear effects of
range and S/N ratio, are highly significant. The quadratic components

are not, nor are the interactions. The numbers of successes out of 96

at the four levels of each of these factors are as follows:

Range S3/N ratio
1 58 14 dbs 36
2 48 19 " 37
3 37 24 " 52
4 35 30 " 53

The Wfa index based on a comparilson of observed and expected fregquencies
{out of 2) after fitting all the variables gives 213.1 on 192-20 = 172 4.f.
(.01<P <.02). This suggests some lack of goodness of fit of the model,
althbugh the validity of theﬁk—a-test is somewhat doubtful owing to the small
number (2) of observations in a cell. The fit would probably be improved by
introducing a eubic effect of S/N ratio (which over the observed range of
conditions would probably produce a curve suggesting upper and lower
asymﬁtotes). The contributions to"&2 are particularly large ( > 10) from
the following cells:

Success out of 2

Target Conditions Obs. Exp.

6 Range 3 miles 1 0.08
S/N ratio 14 dbs

9 Range 2 miles 0 1.69

S/N ratio 19 dbs
Subjects may account for some of the residual variaticon. If the lack of fit
is due to general heterogeneity rather than inadequacy of the model, the
standard errors ought to be increased in the ratio of ./ (213.1/172) = 1.11,

i.e. by about 11%.
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SUMMARY

This report describes the fifth In a serles of experiments
intended to investigate performance at a statically simulated target
detection task. The maln aim of this experiment was to obtain
detection performance data under paced conditions in which search
time, 1.,e, the time the subject was allowed to view the photo-
graphic display, was limited to (a) 10 seconds, and (b) 5 seconds.
21 unskilled sublects were assigned to each of these condltions,
in a replicated Latln Square experimental design. In a subsidiary
experiment a limlted amount of data wae obtained relating to
search times of 1 second and 2.5 seconds, seven subjects being

assigned to each of these conditions.

The data obtained under these paced conditions were compared
with those obtained previously under unpaced conditions, in which
subjects were allowed to decide for themselves when to respond,

The recorded search times ranged from 1.2 - 55.6 seconds.

The main results obtalned from the analysis of these data

were:

(1) Overall detection probability decreased consistantly
as search time was reduced. The highest value was
that obtained under unpaced conditions. Further
analysis showed that this decrease was more marked
for the small targets than for the large targets.

(11) The overall detectlon probabilities achieved in each
of the paced search times were higher than the
cumulated probabilities achieved in the corresponding
times under unpaced conditlons, Further analysis
indicated that there was a definite relationship
between paced and unpaced performarnce,

(1i1) Both detection probability and mean confidence
level were linearly related to range (1-4 miles)
but in each case there was no significant inter-
actlon between range and search time,
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1, INTRODUCTION

The experiment deseribed in this report is the fifth in a series
of studies intended to investigate performance at an air-to-ground
televisual target detection task, The television display was
simulated statically, by means of a series of obligue aerial
photographs, showing the target and surrounding terrain. Four
photographs, taken at different ranges, were available for sach target;
In the previocus experiments in this series the subjects had been
instructed to carry out the detection task as quickly as possible,
but no fixed limit had been imposed on the length of time they
searched the display. Unhder these unpaced conditions a wide range
of search times had been recorded, the longest being 56 seconds.
Whilst these experiments were of value in indicating the conditions
under which longer search times were required, two important questions
aroses

{a) To what extent would overall detection performance deteriorate

if search were limited %to certain specific times?

(b) To what extent would the detection probabilities achieved

in those limited search %imes be different from those
obtained in the same times under unpaced conditions?

The present experiment was intended to provide data relating to
detection performance under the conditions of limited search time,
referred to as paced conditions, for comparison with the data obtained
previously under unpaced conditions (Parkes, 1967).

Studies of parameters affecting performance at high-speed, low-
level target recognition are more usually carried out by means of
dynamic simulation techniques and, in this case, the appropriate
performance measure is recognition range, rather than search time.
Nonetheless, numercus laboratory experiments intended to investigate

problems of visual search in both abstract and realistic displays
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have been carried out using static imagery. Search time is clearly

an important factor in experiments of this type, and it can be treated
as elither a dependent or an independent variable. In the first case
the sublect responds when he has completed the search task. The

search times are recorded and used as a performance measure to compare
different experimental conditions. Subjects may be motivated to work
guickly by appropriate monetary rewards, or alternatively an upper time
limit, longer than the task would be expected to require, can be fixed

after which the trial 1s abandoned if no response has been made,

If search time 1s treated as an independent variable two or more
different levels are chosen such that the task cannot usually be com-
pleted in the time allowed. The effect on performance of these changes
in the time avallable for search, and interactions between search time
and other experimental conditions, can then be studied. These two tech-
niques are sometimes combined by fixing two or more exposure times and
recording the search times actually required under each exposure time
condition. A study of the literature on visual search indicates that

the first technique, treating search time as a dependent variable,

i1s most commonly employed. The following two examples are typlcel of

the many reported experiments in which search time, usually in conjunction
with a measure of accuracy, is used as a measure of performance to

compare different experimental conditlons.

Baker, Morris and Steedman (1960} studied the speed and accuracy
of the recognition of complex forms dlisplayed against 2 background of
confusable forms. The two main variables investigated were the number
of forms in the background, and the difference in resolution between the
reference form, presented for briefing purposes, and the actual display.
It was found that both search time and errors increased as a function of
the number of confusable forms, and the difference in resolution between
the reference form and the display. The results also indicated that

median search time varied accordlng to the position of the target in the
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display. Targets positioned midway between the centre and the periphery
were found most quickly, those in the centre of the display took slightly
longer, and thosz at the periphery considerably longer. In addition, the
results showed that targets in the lower half of the display, and part-
icularly in the lower right-hand quadrant, took longer to find than those
in the upper half.

An experiment using more realistic imagery was carried out by
Johnstm (1968) who used search time and recognition probability as performe
ance measures in a study of the effects of horizontal resolution and shades
of grey on target recognition. A static display showing the target at
various different slant ranges, together with the surrounding terrain, was
presented to subjects by means of a closed-circuit TV used 1n conjunction
with a terrain model. Under these conditions +the results showed reliable
differences in target recognition time and probabllity as a function of
resolution and slant range. Under conditions in which the subjects were
alsc allowed an external cockpit view of the terrnin model the number of
shades of grey, and several of the intersctions between factors, also had
significant effects on target recognition time. It was also found that
both performance measures were highly correlated with a measure of the
complexity of the terraln scene displayed.

The second technique, treating search time as an independent variable
and studylng the effect of different fixed times, has alsc been used for
both abstract and realistic visucl'search experiments, For example,
Boynton (1960) studied the effect of four exposure times ranging from
3 to 24 seconds on the recognition of rectilinear shapes against a back-
ground of curvilinear 'struniforms'. The number of background forms and
the contrast levels were the two other variables studied. The motivation
of the subjects was malntained at a high level by an elaborate system
of monetary rewards, Under these conditions it was found that exposure

time had little effect on the percentage of targets correctly recognised
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when the number of background objects was small but the effect became
much more marked as the number of background forms was increased. Further
experinents indicated that N, the number of background objects, and t, the
search time appeared to be interchangeable. For example, 1t was found
that 1f a performance level of p was obtained when N = 64 and t = 3,
approximately the same value of p was obtalned when N = 128 and t = 6.
This indicates a high level of motivation and search efficiency on the
part of the subjects., In considering how these results might apply to
real-life visual reconnalssance situations Boynton points out that muach
field work would be necessary to determine what types of terrain complexlty
would correspond to various values of N, and what would be the effect of
oblique as opposed to vertical viewing.
Another experiment in which exposure times were systematically

varied is reported by Simon (1965). In this experiment radar imagery
was presented to observers elther in a series of discrete, static steps

or 1t was moved continuously at such a speed that the time taken for the

target to move across the fleld of view was the same as the exposure timo

for the static display. The varlables lnvestigated were display size
and ground coverage (2 levels each), target characteristics (4 types)

and exposure times (10, 20 or 40 seéonds). This experiment was of a
rather different naturé in that the task éould be completed in these
exposure times and the time taken to find the target from the time it
first appeared was recorded and analysed. 7The results indicated that
although more targets were found with the longer exposure times, the
larger display and the smaller ground coverage, there were no significant
differences between the number of targets acquired from the static and
moving displays. It was also found that the median time taken to locote a
target from the time it first appeared on the display was significantly
longer for the static displays than for the moving displays.' These.

recognition times were also more variable for the statlie displays.
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This difference in acquisition time favouring the moving display incréased
as the observation time increased, or as the targets became more difficult
to find because of varyling display and image factors. These results are
discussed in terms of possible differences 1n search patterns for the
moving and static displays,

The effect of limiting the time avallable for search on visual search
patterns has been studied by Richman, Enoch and Fry (1958). This experiment
compared the performance of two groups of subjects searching for a Landolt C
agalnst a background of simulated vertical photography under different search
time conditions, The first group were allowed 20 seconds to search each of
the six displays, this condition being effectively unpaced sinee in almost
every case the target was found in considerably less than this time., A red-
uction in search time due to learning was found in the successive trials,

The second group were allowed 20 seconds to view the first two displays but

in the four subsequent ones search time was progressively reduced to 12, 9,

6 and 3 seconds. Before each trial the subjects were told the length of the
search time allowed, ‘

Comparison of the results obtained from the two groups indicated thgt
under the paced conditions there was a tendency for the targets to be found
more quickly than in the corresponding trial under the unpaced condltions.
Analysis € the eye-movement recordings showed that as the search time allowed
was reduced from 12 to 6 seconds the mean fixation time decreased from 0,287
to 0.187 seconds, but rose agaln to 0.257 seconds for the 3 second search time,
Richman et al suggest that this increase could be due to the fact that under
the 3 second condition the subjects were still in the initisl 'orientation'
phase of search, The results also showed that as fixation time decreaséd,
mean interfixation distance also decreased, apparently to compensate for the
reduced information content per fixation. |

The effect of limited time on visual search is also considered by
Williams (1966) in a mathematical model for predicting the level of search
performance as a function of spatial and temporal variables, In this model
the probabllity of. locating the target is shown to depend on two factors,

target conspicuity (C), which is defined as the rate at which the observer



can scan the field with a single-scan acquisition probability of 0.632, and
the information input rate (R) which is the rate at which the field is pres-
ented to the observer, The equation for predicting the probability (P) of
acquiring a target in a total time of T seconds can then be written:
...C/R
P(TY)=1-¢

If the totael time available for the task were reduced, it is likely
that the sublect would attempt to maintain his former performance by working
harder to compensate for the increase in R, the rate of information input,
Up to a point it would be expected that this increase in R would produce a
slight increase in C, but 1f R reached a very high level the observer would
no longer be able to bring about a corresponding increase in his working
level, To predict accurately the effects of a change in total available
time requires a knowledge of the precise relationship between C and R,
although as a first approximation it can be assumed that C will remain
constant over a broad middle range of values of R,

Use of this model depends on being able to determine the wvalues of
tss’ the single-scan time and P the single-scan acquisition probability. ‘
Determination of these values 1s feasible for, say, a regular matrix contain-
ing a known number of elements, but not for the oblique terrain scenes used
in the present experiment. For displays of this type the detection task
depends not cnly on visual search but also on a knowledge ,obtained from a
map or cother briefing material, of the relationship between the different
elements in the display. The observer's search pattern may therefore be
influenced by information obtained from recognition of the conspicuous
features in the display, and the area in which detailed search is necessary
greatly reduced, Under these conditions the assumption that the observer
fixates points systematically to scan the {total field more or less uniformly
is unlikely to be valid since the observer will tend to concentrate on those
parts of the display that provide the most useful information., For this
reason it is not possible to determine meaningful valﬁes for tss and Pyge

and therefore the search model is not appropriate for detection tasks of

the type studied in the present experiment.
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The present experiment is concerned not only with the effect on
detection performance of limiting the time available for search but
also with a comparison of performance under paced and unpaced conditions,
The research that has been carried out in this area appears to be mainly
of an industrial nature, For instance, Dudley (1968) reports a number of
experiments in which paced and unpaced performance were compared for
various manual tasks. These are of little relevance to the present work,
although the general finding that under paced conditions the quality of
performance deteriorates not only at very fast paces but alsoc for very‘
slow speeds of working is of some interest, The latter effect is probably
due to the greater opportunity for distraction at slow working speeds.

Visual search is an important element of many industrial inspection
tasksbut few of these have been investigated under both paced and unpaced
conditions, In one experiment of this type Kirk and Sinclair (1969)
studied the inspection of a bakery product under conditions of 'search'
(a 10 x 10 array of items was presented) or 'no search' (items presented
individually) and under paced and unpaced conditions, It was found that
under unpaced conditions faults were detected with an approximately 90%
succesgs rate for both the 'search' and ‘no search' conditions., The paced
econdition was studied only in association with the 'search' condition and
it was found that performance deteriorated a5 the time allowed per item
was reduced, 'The relatlionship was approximately linear,

Although it 1s not specifically a comparison of paced and unpaced
performance, an experiment carried out by Erickson (1964) is of some
relevance., This experiment was intended to compare search performance
in static and dynamic fields, The static search task, detecting
a Landolt 'C' against a background containing varying numbers of solid

rings, was carried out under unpaced conditions and the prelevant search
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times were recorded, Under dynamic conditions a simllar display was
driven in a vertical direction past a 24" square aperture at three
different speeds (5, 7 and 10 deg/sec.). Since each target was only
in the field of view for a limited time, this dynamic search condition
can be regarded as paced, The detection probabilities achleved under
the dynamic condition at each speed wefe compared with the cumulateq
probabllities achieved in the corresponding times under the sto.tic.3
condition. For instance, under the static condition 81% of the targéts
were found in 2.9 seconds or less, Under dynamlc conditions when thg
target was in the field of view for 2.9 seconds (5 deg/sec. speed) 78%
of the targets were found. These two probability values are very clése,
as were those for the 7 deg/sec. speed. When the target was in the i
field of view for only 1.4 seconds (10 deg/sec. speed}, the percentage
of targets detected (0.52) was higher than the value achieved (0.40)
in the corresponding time under static conditions. Erickson concludes
that the time available for search may well be the predominant variable
in limiting the search performance in displays of this nature, up to
velocities of 7 deg/sec., and that target movement in the 0 - 10 deg/sec,
range does not necessarily have a detrimental effect on search performance.

Since the target detection task studled in the present expeqiment
involved some degree of Information-processing in addition to vis@al
search, the effect of pacing on performance of a mental task is aiso
worth noting. Gosney (1959) studied a simple mental task in whicﬁ the
subject was required to sum a sequence of twelve diglts which appeared
one at a time through an aperture, The exposure time was varied from
1.29 to 0.69 seconds per digit and the results showed that a correspond-
ing linear decrease in the proportion of the 12-diglit sequences correctly
summed occcurred,

In planning the present experiment a number of considerations

had to be taken into account, including the necessity of obtaining
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results comparable with those obtained previously under unpaced con-
ditions. In an airborne situation the time avalliable for a target
acquisition task depends primarily on the speed of the aircraft or
missile, the parameters of the viewing system, and the potential range
of the target, i.e. the range at which it first becomes detectable.
For instance, an aircraft travelling at 600 mph, approaching a target
with a potential range of 4 miles, would take 18 seconds to cover the
three mile distance that would bring the alrcraft from a distance of
4 miles to the target to a distance to 1 mile., At this 1 mile range
the target, under the viewing condltions studlied, would be almost at
the bottom of the television display and would subseguently disappear
from view, If the target had a potential range of only 2 miles the
corresponding time would be only 6 seconds. For an aircraft‘travelling
either faster or slower the times would be proportionately decreased or
increased.

These values give some idea of the length of time avallable for
a real-time target acquisition task under under operational conditions
but it is difficult to relate them in a meaningful way to the static
situation under consideration. 8Since four photographs were available
for each target, representing ranges of 4, 3, 2 and 1 mile respectively,
it would be possible to allow the subject to view each of the four
photographs in sequence, starting with the 4 mile range, for the length
of time that it would take the aircraft to travel 1 mile. Thus, again
assuming a speed of 600 mph, each photograph would be displayed for 6
seconds and the seguence of four photographs would simulate the approach
from 4% miles to % mile to the target. In this way it would be possible .
to carry out a statlc experiment in which the paced times allowed for
search bore some relation to an actual dynamic situation.

Although this experiment would have been of some interest, it
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would not have provided data comparable with those obtained under
unpaced conditions in the first experiment of this series., In this,
and other experiments, the subjects had been exposed to only one view
of each target. Thus a subject seeing the target at, say, the 2 mile
range would not also see it at longer or shorter ranges. This situa-
tion is clearly not directly comparable to a dynamic situation in which
the observer would have a continuous view of the target as the ailrcraft
approached.

Since 1t was not possible to directly relate the time available
for target detection under dynamic conditions to the paced times in this
static experiment, the values were chosen largely with reference to the
range of times recorded under unpaced conditions. Under these conditions
search times ranged from 1,2 seconds to 55.6 seconds, the mean being
about 12 seconds, The distribution was asymmetric and a relatively high
proportion of the values occurred towards the shorter search times.
These shorter search times were the ones of particular interest and it
was decided that the two paced intervals to be studied in the main part
of this experiment should be 10 seconds and 5 seconds. These corresponded
with the times in which 50% and 30%, respectively, of the responses had
been made under unpaced conditions. In addition, two shorter paced times,
2.5 seconds and 1 second, were studied in a subsidiary experiment to
provide further information about the effects of very short search times
on detection performance. No paced times greater than 10 seconds were
studied, partly because they were of little practical importance and
partly because the effect of pacing would be relatively small for these
longer times, as such an effect decreases as the paced time approaches
the time in which all responses were completed under unpaced conditions.

The extent to which performance level deteriorates under paced

conditions is likely to depend on the experience level of the subjects,
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Both experienced pllots and students had taken part in Experiment I
and the results had shown that, although there were no differences in
the overall detection probabllities achleved by the two groups, the
search times for the skilled sublects were substantially shorter than
those for the unskilled subjlects. It would clearly have been desirable
to have used skilled subjects in the present experiment but unfortunately
this was not possible. Unskilled subjects were used throughout this
experiment and although these subjects were glven a considerable amount
of training, the detection probabiiities achieved under paced conditions
in the present experiment are unlikely to be as high as they would have
been 1f skilled subjects had been used,
Under paced conditions, although the maximum search times were fixed
as described above, two alternative experimental procedures were possible:
(1) The subjects could be allowed to respond before the
| maximum time if they wished, and the aetual search times
taken under each condition recorded, In this way a
range of search times up to and including the meximum
would be obtained, and thus a cumulative probability
curve could be plotted for each paced condition,
(11) The subjects could be told to respond only after the
maximum. search time allowed had elapsed, In this way
Q single detection probability wvalue representing the -
cumulated probabillty of detection up to and including
the maximum time would be obtained for each paced condition,
It is unlikely that these alternative procedures would have given
rise to significant differences in the overall detection probabilitiesf
achieved but for the longer paced times the first approach would have
provided more detalled information. For the 1 second search time it
is very unlikely that a significant proportion of the responses would
have been made in less than the maximum time and, since in this case a
tachistoscopic presentation technique was used, 1t would not have been

possible to measure these shorter times. In the experiment described
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in this report the second approach was adopted and subjects responded

only at the end of the allotted search time. 'Thus, only an overall det-
ection probability value was cobtained for each condition.

A further question of experimental procedure arose in relation to
the types of response that the subjects would be asked to make. If only
a limited time were available in which to locate the target it was likely
that on some occasions a subject might have lititle or no idea of the target
position., A decision had to be made as to whether 'don't know' responses
would be allowed or whether the subject would be required to indicate what
he thought to be the most likely target position in each photograph,
regardless of how undertain he was., In order to optimise detection per-
formance, in terms of the number of correct detections made, the latter
alternative was chosen, In disallowing 'don’'t know' responses the possi-
bility that a subjeet might correctly detect a target but fail to report
it through wncertainty was eliminated, Under unpaced conditlions the sub-
jects had been allowed to make 'don't know' responses but they were dls-
couraged from doing so, and such responses occurred for less than 2% of
the presentations. In the analysis of these data these responses had been
counted as incorrect, DBoth these decislons as to experimental procedure
are considered further in the Discussion (Section 8).

Since this study is concerned primarily with tﬁe effect of limited
search time, the overall effects of the other two main factors tested,
ranges and targets, are not considered in detail except where there is a
significant interaction with search time. A detailed analysis of these
effects was carried out for the data obtained under unpaced conditions in
Experiment I and, since this report includes a further analysis of these

data, a summary of the main results found previously is given in Appendix I.

1.1 A note on terminology

In experiments concerned with the ability of the human operator to
find real targets against a terrain background the terminology normally

used is as follows: a target 1s detected when a signal which could be the
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target is noticed in the fiecld of view; it is recognised as one of a
certain class of objects; it 1s finally identified as a particular object
within that class, If the exact position of the target is known in relation
to the surrounding terrain, as would be the case with a ground feature, such
as a bridge, which could be exactly located on a map, then identification
may be virtually simulténeous with recognition.

The nature of the task studied in the present series of static experi;
ments d4id not lend itself to this terminology as the observer was asked to
locate the target In photographs taken obliquely from different ground raﬁges
(1 - 4 miles), At short ranges most of the targets could be recognised mqi
identified ffom the information shown on the map, For the large targets thils
was also possible at the longer ranges, but at these longer ranges the small
targets were not recognisahle and in some cases not detectable, However, it
was still possible for the exact position of these targets to be located by
reference to tlhe conspicuous features in the field of view whose position,
relative to that of the target, was known from the map., This geographic
orientation process could enable a subj)ect to correctly desipgnate a target
position, without necessarily having detecting the target itself, Such a
situation is different from a dynamic situation in which location of the_
target area, gndg detection, recognition and identification of the actueml tar-
get would become possible at successive stages along the approach route,

Under the static conditions of this study, when a subject correctiy
indicated the position of the target in the photograph it was not always
known whether he had identified, recognised or detected the target or simply
deduced its position, The use of the term 'correct detection' to cover all
instances in which the target position was accurately designated, and in-
"incorrect detection' to cover all other responses is perhaps misleading in
that a more specific meaning is normally ascribed to the term ‘detection’.
In spite of this it was decided to retain this nomenclature in relation to
the task studied in this series of experiments rather than cause confusion

by a change of terminology,
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2. PURPOSE OF THE EXPERIMENT

This experiment was intended to compare target detection
performance under paced and unpaced conditions. In previous
experiments subjects had been instructed to carry out the
detectlion task as rapidly as they could and to respond when
they were ready to designate the target in the photographic
display. Under these unpaced conditicns a wide range of search
times had been recorded. The purpose of the present experiment
was to determine the effect on detection performance of limiting
the time the subjects were allowed to view the display to
certain specific search times, In the main part of the experiment
the paced search times for which detection performance data
were obtalned were 5 seconds and 10 seconds, 21 unskilled
subjJects being assigned to each of these conditions. In a
subsidiary experiment a small amount of data, on detectlon
probabilities only, was obtained relating to search times of 1
second and 2.5 seconds.

The maln reagons for studying detectlon performance under
paced conditions were to determine:

(a) To what extent, i1f any, the proportion of targets
correctly detected decreased with a reduction in the time
allowed for searching the display.

(v} Whether, under paced conditions, the proportion of
targets correctly detected in the specific search time
was the same as the proportion correctly detected up to
and including this time under unpaced conditions.

(c) Whether search time interacted with other factors such as
target differences and range.

It was hoped that this investigation would glve some

indication of the relationship between unpaced and paced performance,



3. EXPERTMENTAYL TESIGN

The essential requirement of the statistical design of this
experiment was that it should allow the data obtalned under paced
conditions to be directly compared with those obtained in
Experiment I under unpaced conditions. This necessitated the
adoption of a Latin Square design similar to that used previously,
based on seven targets and seven conditioﬁs. These seven conditlons
arose from two conditions of navigational uncertainty (¥ 1 mile and
t 2 miles), the first belng associated with three ranges (1, 2 and
3 miles) and the second with four ranges (1, 2, 3 and 4 miles). Seven
subjects were assigned to this matrix in such a way that each
subject saw each target once and once only, and each condition
once and once only. The basic experimental design is showm in
Appendix II. The sppropriate target/condition combinations were
presented to each subject in random order. 1In the main experiment
the matrix was replicated three times under each of the two paced
conditions, 5 seconds and 10 seconds, using two separate groups
of 21 subJects. For the subsidiary experiment the basic Latin
Square design was the same but there was only one replication,
seven subjects being assigned to each of the shoré search time
conditions () second and 2.5 seconds),

The experimental material available was not sufficient to
allow these sublect groups to be balanced in terms of detection
performance on the basis of a pre-test, but care was taken to ensure
that the groups were balanced in terms of the distribution of scores
on Heim's intelligence test for the subjects in each group, since
the results of Experiment I suggested that these scores were

correlated with performance.
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Although this experimental design had several disadvantages,
the small amount of experimental material available and the
necessity of obtalning results comparable te those from Experiment
I precluded any substantlal changes. The most serlous
disadvantage of the design was that the iwo conditions of
navigationel uncertainty were associated with a different number
of range-conditions. Therefore the experlment could not be
balanced In terms of the range factor since only half as many
readings were obtained for the 4 mile range as for ranges l‘- 3
miles. This meant that the range 4 miles data had to be excluded
from the analysis of varlance, and in subsequent analyses the lower
number of readings for thls range had to be taken into account.
Since no differences between the uncertalnty conditions had been
shown in Experiment I, the possibility of excluding the * 1l mile
uncertainty to allow a more complete analysis of the range factor
was consldered, but the ldea was rejected since, had this been done,

the two sets of data would not have been directly comparable.
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4. DISPLAY AND RECORDING EQUIPMENT

4,1, Main experiment

The display and recording equipment used in these experiments
has been described in Part I of this serles of reports. Only one
change was made to this equipment for the purposes of the present
experiment., This was the inclusion of an additional timing device
which enabled an audltory signal to be presented after the subject
had viewed the photographic display for the specified time. In the
main part of this experiment. the time intervals used under these
paced conditions were 5 seconds and 10 seconds.

The interval timer was Incorporated into the clrguit 1in such a
way as to leave intact the mechanism for printing out the time
interval between the operation of the 'start' and 'stop' buttons,
which had previously been used to measure search time. In the present
experiment the 'start' button activated the interval timer, in addition
to 11lluminating the display and starting the Decatron timer, as
previously. Immediately after the suditory signal which indicated
the end of the speclified search perlod the subjJect was required to
point out the target position. As soon as the experimenter had
checked this response he operated the 'stop' button. The time
printed out therefore represented the specified search time plus
the time taken to point oyt the target. 1In.this way 1t was possible
to ensure that this response time was kept to a realistic minimum,
approximately 1 second, and that the subject did not delay pointing
out the target, thus increasing the effective search time.

In all other respects the equipment for displaying the maps
and photographs and for recording map-briefing time and the confidence

level scores was exactly the same as that used previously.
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4.2 Subsidiary experiment

A subsidiary experiment was carried out to obtain date
relating to very short search time conditions., The eguipment
described in Section 4.1 was used to measure detection performance
when the search time was reduced to 2.5 seconds by the appropriate
adjustment of the interval time.

To obtain data relating to a search time of 1 second a
tachistoscoplc presentation technique was used, A laboratory
tachistoscope was set up so that the photographs could be displayed
under appropriate conditions of illumination and viewlng distance,
and it was adlusted to allow an exposure time of exactly one second.
Before and after the exposure of the photograph a fixation fleld
of the same illumination level appeared. The procedure adopted

in this experiment is described in Section 6,

5. EXPERIMENTAL MATERIALS

The maps and photographs used in this experiment were those used
in Experiment I. For convenience a brief description 15 glven
here. The photographic material consisted of a series of 8" x 8"
aerial photographs taken from an altitude of 2000 ft. with a camera
field of view of 500 x 500. For display purposes these photographs
were masked so that only a central portion 4.8" x 3.6" was shown
representing & camera fleld of 30° (horizontally) x 224°(vertically).
In each case the horlzon appeared 1" below the top of the displayed
portion, the depression angle of the camera being“loo. For each
of the 18 targets there were four photographs taken at ranges of
4, 3, 2 and.1 mile respectively along an approach route. The maps
were 61"x 61" sections of the 1" = 1 mile Ordnance Survey map,
Sheet 169. Each map showed the target position and surrounding
terrain and the limits of the aireraft's possible position were

marked along the approach route,
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6. EXPERIMENTAL PROCEDURE

6.1 Main experiment

The training and test procedures adopted in the main experiment
were basically simllar to those used in Experiment I. The only
difference was that under the paced conditions the subjects were
told during the initial training procedure the length of time
they would be allowed to search the photographic displsy and all
further practice took place under the appropriate conditlon.

Fach subject was tested indlvidually and the session lasted
approximately 3 hours. Preliminary tests of intelligence (Heim's
A.H.5 test), perscnality (Eysenck personality inventory) and memory
(diglt-span test) were carried ocut. This took approximately l% hours.
Training and practice at the detectlion task took a further % hour.
The sublect was then shown how to operate the display and recording
apparatus and a serles of targets was presented for further practice.
After each presentation the subJect was told whether or not he had
correctly located the target and if not, he was glven a further
opportunity to do so.

Finally, a series of eleven targets was presented durling which
the sublect was given no knowledge of results. The last seven of
these constituted the test run. For each presentation under paced
conditions three measures of performance were obtained, {a) whether
or not the target was correctly detected, {b) confidence level and
(¢) map-briefing time. In addition, a continuous check was made
to ensure that the time spend by the subject in polnting out the

target after the specified search period was kept to a minimum,
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6.2 Subsidiary experiment

Two subsidiary experiments were carried out to determine the
overall probabilities of correct detection when the search time
was reduced to 2.5 seconds and to 1 second., In the first of these
the procedure followed was exactly the same as that described in
Section 6.1, except that all training and preoctice related to the
2.5 second search time.

The procedure adopted in the case of 1 second search tlme was
modified since in such a limited search time 1t was not likely that
subjects would be able to make use of the detailed information shown
on the maps. It was thought that 1n the time avallable sublects
would only be able to make a rapld decision as to whether the target
was clearly and conspicuocusly present, or whether it was not. For
this reason subjects were not showm the maps but Were'simplf‘given
a verbal description of the target before each presentation. This
verbal description was as brief as possible (e.g. 'a large pond'

'a major cross-roads in the centre of a built-up area') and gave only
information which would have been obtainable from the map. To aveld
confusion care was taken to ensure that the description glven uniquely
descrlibed the target. No detalled training was given to these
subjects but they were shown the usual series of practice targets

before the test-run.

Since, in a large proportion of the presentations, the target could
not be detected in the 1 second search time and the subjects would not
be able to assess its most likely position, they were simply told to
respond either 'yes' or 'no' according to whether they could orr could
not detect the required target, A 'yes' response was checked by
asking the subjlect to indicate the target in the photograph after 1t
had been removed from the tachistoscope. In general 'ves' responses
only occurred for very cbvious targets. The only information recorded

in this experiment was whether or not the target was correctly detected,
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7.  EXPERIMENTAL RESULTS

The data obtained in this experiment, in which search times
were limited to (a) 5 seconds and (b) 10 seconds, were analysed
together with the data obtalned in Experiment I, in which search
times were not limited although the subjects were required to
respond as quickly as possible. The results therefore relate to
two paced search conditlions, designated 'I‘5 and TlO' and one
unpaced condition, designated Tu' Throughout this analysis the
differences in detection performance due to differences in these
gearch condltions are emphasised. Other aspects of the data, e.g.
differences between individual targets, correlations between
performance measures etc., are simllar to those found 1n previous
experiments and are not analysed in detall,

Under the two paced conditions used in this experiment search
time was an Independent varlable, rather than a performance measure
as in previous experiments., In the data from Experiment I, the
unpaced search times varled over a wlide range and it was notthought
to be realistic to take a mean value as representative of the gearch
time for this condition when relating the data to those obtalned
under paced conditions. The detection probability and confidence
level measures from Experiment I have therefore been plotted
cumulatively against search time for comperison purroses.

In the following sections the effects of the maln factors tested,
and, in particular, the effect of limited search time, are considered
in relation to the three performance measures recorded, detection

probability, confidence level and mep-briefing time.
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7.1 Detection probabllity

The raw data on detection probabilities for the 5 second and
10 second paced conditions, obtained in the present experiment,
are shown in Table 7.1.1. The data previously obtained in
Experiment I, which relate to the unpaced condition, are also
shown. The analysis of varlance carried out on the complete set
of data is shown in Table 7.1.2. This table shows that the overall
effect of search time is significant at the 1% level. In addition,
the effects of ranges and target differences are highly significant
overall, These results, together with the significance of the
interaction between ranges and targets, are In good agreement
with those found previously. The effects of navigational
uncertainty and all interactions involving this factor are non-
significant, as had also been found previcusly, and they are not
further considered in this section. In the analysls shown in
Table 7.1.2. the data relating to the range 4 miles condition
have been excluded since only half as many values were available
for this range as for the other ranges. However, in order to
extract as much Information as possible from the results, in the
analyses that follow, except where otherwise stated, the data from
range 4 miles have been included and due allowance made for the
lower number of readings.

No loglt analysis has been carried out on the detection
probability data obtalned in this experiment since in three
previous experiments it had been shown that, In spite of the
guantal nature of the data, there were no substantial differences
between the results of the Loglt analysis and those obtained from
conventional analysis of variance techniques.

In the remainder of this section the effect of the maln factors
on detection probability is considered in greater detail, with

particular reference to the effect of search time,
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TABLE 7.1.1

Detection probablllty data for the three search time conditlans.
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TABLE 7.1.2

Analysis of variance on the detection probabllity data shown in Table 7.1l.1

Source D.F, s.8 M.S. V.R. Significance

Search times(S) 2 1.47 0.73 4,70(e)l p<0.01
Ranges (R) 2 3.37 1.69 10.80(c)| p<€0.001
Uncertainties (U) 1 0.13 0.13 - N.S.
Targets {T) 6 o7, b6 4,58 29.32(c)| p<0.001
S xR 4 0.36 0.09 - N.S,
SxU 2 0,04 0.02 - N.S.
9xT 12 1.68 0.14 - N.S.
RxU 2 0.26 0.13 - N.S.
Rx T 12 5.89 0.49 3.14(c)| p<0.001
Ux T 6 n.89 0.15 - N.S.
SxRxU 4 0.26 0.06 - N.8
SxRxT oh 5.16 0.21 1.38(b) N.S
SxUxT 12 1.78 0.15 - N.S.
RxUxT i2 1.44 0,12 - N.S.
SxRxUxT 24 3.70 | 0.15 - (a) N.S.
Residual (a) 252 39.33 0.16(a)
Pooled residual (b) 276 43,03 0.16(b)
(Residual (a) + SRUT)
Pooled residual (c) 328 51.68 0.16(c)
{Pooled residual (b)
+ SRU, SRT, SUT,
RUT)

TOTAL 377 93.22

In this analysis the data relating to the 4 mile range condition have
been excluded as only half as many readings were available for this
range as for ranges 1 - 3 miles.
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7.1.1 The effect of search time on detection probability

The mean detectlon probabilities for each of the search time
conditions, 5 seconds (T5)’ 10 seconds (Tlo) and unlimited (Tu)
are shown in Table 7.1.3.

TABLE 7.1.3

The effect of search time on detection probability

Search time condition T5 TlO Tu

Detection probability 0.45 0.52 0.59

As shown in the analysis of variance in Table 7.1.2. the
effect of search time on detection probability is significant.
It can be seen in Table 7.1.3. that, as would be expected,
detection probabllity increases with increasing search time.

The difference in detectlon probability between the 'I‘5 condition
and the Tu condition is significant at the 1% level. The other

differences, i.e. those between the T. and TlO conditions and the

5
T _ and T, conditions, Just fall to reach the 5% level on a one-

10

tail t-test, (0.05< p<« 0.10).

Under the unpaced condition, Tu,the search times ranged from
1.2 seconds to 55.6 seconds but the distribution was asymmetric
with a high proportion of values towards the lower end., It was
therefore not appropriate to take the mean search time (12
seconds) as representative of these values in comparing the
detection probabllity data with those obtalined under the two paced
conditions, T5 and TlO' In FMgure 7.1.1 therefore the cumulated
detection probability data relating to the unpaced condition have
been plotted against time for both correct and incorrect detections,

giving rise to three separate reglons, one corresponding to

declisions made correctly, one corresponding to decisions made
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incorrectly, and the third ares which is shaded, representing those
presentatlons for which at any glven time no response had yet been
made. Superimposed on these cumulative curves are histograms which
show the detection probabilities achieved under the paéed condl tlons,
T5 and Tlo'
required to make a response., Therefore, under these conditions, a

At the end of the paced search times the subjects were

correct or an incorrect response was recorded for each presentation and
there was no region corresponding to 'no response' ocutcomes.

It can be seen 1n figure T.1.1 that for both paced conditions
higher detection probabilities were achieved in the time allowed than
had been obtained in the same times under the unpaced conditlon., The
relevant values are tabulated in Table 7.1.4. In each case the differ-
ence between the paced and unpaced values 1s highly significant, This
table also shows the percentage improvement under paced conditions

which 1s almost twice as great for the T. condition as for the Tlo

5
condition. This difference reflects the fact that under unpaced con-
ditions the proportlon of targets correctly detected in 5 seconds or

less 1s so low that there is much greater scope for improvement.

TABLE 7.1.4

Petection probabilities under paced and unpaced conditions,

. Maximum search Condition % improvement
time Paced Unpaced in detection
5 seconds 0.45 0.25 80.0
10 seconds 0.52 0.37 0.5
Unlimited - 0.59 -

These results also indicate that subjects are capable of respond-
ing more qulckly than they choose to do under unpaced conditions without
loss of accuracy. For instance, as can be seen in Figure 7.1.1, the

proportion of correct detections, 0.U45, achieved under the T_ paced

5
condition was only obtalned after 13 seconds under unpaced condltions,

Tt is also of interest to note that the unskilled subjects working
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under paced conditions performed considerably better than the skilled
subjects had under unpaced conditions. The data for these latter
subjects are not shown in Figure 7.1.1 as unfortunately no data were
avallable relating to the performance of skilled alrerew under paced
conditions. The final level of performance achleved under unpaced
conditions is higher than that achieved under the paced conditions
although the difference between the T

10
slight and it appears that under the unpaced conditions performance 1s

and Tu conditions is relatively

reaching an asymptote,

It can be seen in Figure 7.1.1 that, under unpaced conditlons,
at any given time a certaln proportion of targets had been correctly
detected, 2 certain proportion had been Incorrectly detected and no
decision had been made about the remainder. Decisions made under the
T5 and TlO paced condltions can be regarded as belng made up of a
certain proportion of declsions which were also made within 5 seconds
or 10 seconds respectively under unpaced conditions and a certain
proportion of 'forced' dectsions, i.e. decisions which the subject would
not have chosen to make at or before the relevant time under unpaced
conditions. It 1s therefore pertinent to determine what proportion of
these forced decislions were made correctly under each of the two paced
conditions. This can be determined by calculating the difference between
the numbers of detections made correctly under paced conditions, and |
the number made up to the corresponding time under unpaced conditions,
and expressing this difference as a proportion of the total number of
decisions which had not been made before the relevant time under unpaced

conditions, This value, designated I, can be calculated from the expression:

I Pcpt - Pout
t -_—
1- (Pcut T P1u2.

where: It = the value of I for a particular search time, t.

P = the probabllity of correct detection in a paced

cpt —_—

search time of t.
P and P = the probabilities of correct and incorrect .

cut ) ut detections respectively, in time t seconds

or less, under unpaced conditions
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Caleulations chowed that the value of I5 was 0.284 and the

value of IlO was 0.286, The close agieement botween those two
values suggested the possibility that this measure might be constant
over the entire time scale under consideration. If thls were so it
would be possible, for the target and range conditions tested in
this experiment, to predict from a knowledge of the unpaced search
times and corresponding detection probabilities, the detection
probabilities that would be achleved wider any Larticular paced
conditlon. These values are shown by the dotted iine in Figure 7.1.1.
for which the value of I was taken as 0.285. Any point on this line
represents the detection probability that would be achleved in a
particular time under paced conditicns. For instance, for a
condition of 15 seconds paced search time the predicted detection
probability would be 0.56. It is also possible to predict that, for
the targets and conditions studied, the overall detection probability
achieved under the Tu condition (0.59) would be obtained in a paced
time of 20 seconds. It can be seen that the predictive curve is,

by the nature of its calculation, asymptotic to the same o¢verall
detection level as was obtained under the unpaced conditions. This
is reasonable since there 1s no evidence to suggest that performance
would be any better if all displays were presented for the maximum
time 55.§ seconds, rather than allowing subjects to choose for them-
selves when to respond within that time 1limit.

It is clearly only possible to predict detection probabilities
under paced conditions in this way if the value of T remains
effectively constant within the range of timesrunder conslideration.
Two subsidiary experiments, described in the foliowing section, were
carried out tc determine detection probabilities for paced search
times of 1 second and 2.5 seconds respectively, and hence to gbtain
further estimates of I. These very short search times were chosen
since 1t is iIn this reglon of the time scale that large differences

in detection probability would be expected to occur,



7.1.2. The effect of very short search times on detection probability

In view of the results described in the previous section
1t was of Iinterest to determine the overall detectlon
prokablilities that could be achieved in very short search times
(1 second, 2.5 seconds) under paced conditicns. These conditions
are referred to as T, and T

1 2.5

subjects were used for each of these subsidiary experiments

respectively. Only seven

and therefore only one value per cell was obtalned, as compared
with three values per cell in the main experiment. The results
cannot therefore be regarded as having the same reliability.

For thils reason no detalled analyses were carried out on these

subsidiary data. They were used only to obtain an estimate

of overall detection probablility under these conditions.

Under the 'I‘u conditions no detectlons were made In less

than 1.2 seconds. Therefore in a paced search time of one

second all the decisions can be regarded as 'forced', 1.e. the
subjJects would not have chosen to make them at this time under
unpaced conditions. The overall probability of correct detection
under the T. paced condition will therefore be equal to I

1
defined in Section 7.1.1., 1f 1t can be assumed that the

1° %8
relationship remains valid for times of less than 1.2 seconds.
This appears to be a reasonable assumption slnce, although no
detections were made In less than this time under unpaced
conditions, the proportion of correct detections made under
paced conditions in a given time 1is consistently higher than
that under unpaced conditions, Therefore one would expect that
some correct detectlons w0gld be made in a paced time of one
second.

This experiment was carried out using a tachistoscoplic present-

ation technique which allowed the target photographs to be dlsplayed



for exactly one second, as described in Section 4.2.
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The normal display

and timing apparatus was used to determine the overall detection probab-

111ty under the T

2.5

condition, and hence to obtain a value for I

2.5°

The raw data obtalned in these experiments 1s shown In Table 7.1.5.

TABLE 7.1l.

5

Detection probability date for short search time conditlons

Target

14
17
16
15
15

Ty 2.5
Uncertainty 1 | Uncertainty 2 | Uncertainty 1 { Uncertalnty 2
Range (miles) { Range (miles) | Range (miles) | Range (miles)
I 2 3 1 2 3 &4 1 2 3 1 2 3 4
c 1 0 O ¢ o 0 1 0 0 i o 1 0
101 1 1 1 1 o 1 1 1 1 1 1 0
1 0 © 1 0 0o 0 1 1 0 1 1 1 0o
1 0 0 1 l1 0o O 1 1 1 1 1 o0 o
¢ 0 0 o o 0 0 0O O 0 0O 0 o 0
0 1 © 1 0 o 0 i 0 0 c 0 0 0
O 0 0 c O 0 © 0 0 O o o o o

The overall detectlon probability obtained under these two condit-

ions are shown in Table 7.1.6 together with the values obtained under the

unpaced condition Tu in the corresponding times.

TABLE 7.1.

6

Comparison of detection probabilities under paced

and unpaced conditions

Maximum search Condition
time Paced Unpaced
1 second 0.29 -
2.5 seconds 0.41 0.12
The detection probablility value obtained for the Té 5
is linearly related to those obtained for the Tlo and T5

(0.52 and 0.45 respectively) but the value for the T

1

condition (0.41)

conditions,

condition is

lower than would be expected from this linear relationship.
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As shown in Table 7.1.6, higher detection probabilities were

obtained under the T1 and T2 5 conditions than had been achieved

in the corresponding times under the Tu unpaced condition. The value

5 and I,

conditions respectively. Indeed, this

of I,, 0.286, agrees very closely with the values of I

determined for the T. and T

5 10
agreement 1s much closer than would be expected in view of the limited

amount of data avallable. for the T1 condition.

The calculated value of 12 5 is 0.33 which 18 rather higher than
the other values. This high value reflects the fact that the detection

probability achieved under the T, . condition (0.41) is higher than the

5
value predicted (0.37) if it is assumed that I has a constant value
of 0.285, However, this discrepancy of 0.04 between the predicted and
the experimental value is less than the standard error of the exper-
imental mean which is 0.06. Thus there is clearly no significant
difference between the two values.

Inspection of the data shows that the high overall detection

probability obtained for the condition appears to be due to an

T2.5
unexpectedly high value for Target 17 (0.72). 1In spite of this dis-
crepancy the results suggest that, under the conditions of this
experiment, the value of T remains effectively constant within the

range of search times considered. This possibillty 1s further considered

in relation to large and small targets in Seetions 7.l.4 and 7.1l.5.
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T.1.3 The effect of range on detectlon probability.

The analysls of variance given in Table T7.l1l.2 shows that the
overall effect of range on detection probability is significant, as
had been found in previous experiments. Furthermore, the analysis
of variance shows that there 1s no significant interactlion between
range and search time, 1.e. that the three ranges are not differently
affected by the search time conditions. Table 7.1.7 shows the detection

probabilities at each range for each condition,

_ TABLE T7.1.7
Detection probabilities at each range for each search time condition.
Search time Range (miles)
condlition 1 5 3 M
T5 0.59 0.52 0.31 0.29
TlO 0.62 0.64 0.45 0.24
T, 0.T4 0.62 0.52 0.38
Mean 0.65 0.59 0.43 0.30

The dlfference between any pair of values in the maln part of this
table must reach 0.17 to be significant at the 5% level (two-tail test)
or, in the case of differences involving values from the 4 mile rénge
condition, 0.21. Inspection of Table 7.l.7 shows that, within any
one range, differences between detection probablility values for the
three search time conditlions fall to reach significance. Within any
one time condition, differences between detection probabilities fof
1l and 3 miles, 1 and 4 miles, and 2 and 4 miles ranges are significant
but those involving only single mile differences are not. This result
is in good agreement with those found previously.

In Table 7.1.7 values are also shown for range detectlon

probability means averaged over the three conditions T and Tu.

5’ T&O

As would be expected from previous experiments, these values show
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a consistent, and almost linear trend of decreasing detection probability
with increasing range but they are otherwise of relatively little
interest. Of much greater importance is the effect of range on detection
probability for each of the search time conditions 1ndividualiy. The
data shown in Table 7.l1l.7 are plotted in Figures 7.1.2 - 7.1.4.

together with the regression lines of detection probabillity on range

for each of the three conditions. It can be seen that the relationship
between range and detectlon probability is closely linear for both

the T5 and the Tu conditions but that in the 'I‘10 condition there is

some deviation of the observed values around the regression line,

However, as shown in Table 7.1.8, which gives the analysis of the

range variation for each condition, this deviation is non-significant.

TABLE 7.1.8

Regresslion analysis of range varlation for each search time condition.

l
sii‘mh Source nfr| s.8. | Mm.S. V.R. |Significance
me
Range 3 2.51 0.84 5.37 p <0.005
Ty Linear regression | 1 2.28 2.28 14,61 p < 0,001
Der.B.tion 2 0023 0012 - N.So
Renge 3 2.90 0.97 6.20 p <0.C05
Tlo Linear regression | 1 2.31 2.31 14.83 p< ©.001
Deviation 2 0.59 0.28 1.79 N.S8.
Range 3 2.06 0.69 4,31 p<0,01
T, Linear regression | 1 2.04 2.0% 12.75 "p< 0,001
Deviation 2 0.02 0.01 - N.S.
+*
RESIDUAL 252 0.16

NOTE The residual variation against which the mean square wvalues have
been tested was taken from the analysis of varlance shown In Table T7.l.2.
It can be regarded only as an estimate of the residual varlation in the
three separate sets of data from which the values shown in the above
table were derived. The use of the residual value shown can be justified
for two reasons: (a) Evidence from previous experiments shows that the
residual varletion remains almost constant In differeni sets of data and
is not affected by the inclusion of the ll mile range condition. (b) The
separate analyses of variance on the T, and T, (ranges 1 « 3 miles)
data gave resldual variation values wh? égd‘not differ significantly
eand it was therefore appropriate to use a pooled value.
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FIGURE 7.1.2

The effect of range on detection probablility under the

5 second paced conditlon (T5)
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FIGURE 7.1.3

The effect of range on detection probabilility under the

10 second paced condition (Elol
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FIGURE 7-.1.4

The effect of range on detection probability under the

unpaced condition (T,)
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In Figure 7.1.5 the three regression lines are plotted together
for comparison purposes. It can be seen that these lines are almost
exactly parallel indicating that there is no interaction between the
linear range effect and search time. This 1s consistent with the
results of the analysis of variance given in Table 7.l1.2. which
shows that there is also no overall interaction between the range
and search time conditions. Thus, although 1t might have been
expected that the detectlion of targets at long ranges would be
more Seriously affected by the short search times there is no
evidence of this from these results. As indicated earlier the
difference in detection probability between the three time conditlons
doea not reach significance for each range value on the number
of readings available but Flgure 7.1.5 shows clearly that there
1s a consistent trend of lower detection probability with reduced

gsearch time.
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FIGURE 7.1.5

Regression lines showing the effect of range on detection

probability for the paced and unpaced conditions.

DETECTION
ROBABILITY
0.8+
0.7
0.6=
0.5
0.4
T
0.3 10
T5
Fquations of the regression lines:
0.2+
T, Y =0.85 -0.11X%
1
T1p Y'=0.80 - 0.12 X
T5 Y'= 0.72 - 0.12 X
0.1 =
0.0 T T T .|
0 1 2 3 4 miles

RANGE



- 40 -

7.1.% The effect of target differences on detection probability

The analysis of variance given in Table 7.1.2 shows that target

differences have a highly significant effect on detection probability,

The interaction between search time and targets is non-significant,

indicating that individual targets are not affected differently by

the different search time conditions.

This was coniirmed by cal=-

culation of W, the coefficient of concordance, for the rank orders

of the targets under each condition.

The actual detection

probabilities and their ranks under each condition are shown in

Table 7.1.9.

As in the case of ranges, the mean values averaged

over all three conditions are of little interest and are therefore

not shown in this table.

TABIE 7.1l.

Detection probabllities for targets under each search time condition

T5 TlO Tu
Target
Detection Ran EEtec?ion Ran Detection Ran]
probability probability probability
14 0.95 1 0,81 2 0.90 13
3 0.67 2% 0.71 3 0.67 3
16 0.67 24 0.86 1 0.90 13
17 0.33 L 0.52 y 0.57 b
13 0.29 5 0.43 5 0. 43 5
15 0.19 6 0,24 6 0.38 6
1 0.05 7 0.10 7 0.29 7
Each detection probability value in this table is based on 21 readings,

The coefficient of concordance, W, for the correlation between

these ranks was 0.98, a highly signifiéant value as would be expected

from the close correspondence between the 3 rank orders. Differences

between the detection probability values given in Table 7.1.9 must

reach 0.20 to be significant at the 5% level.

For the corresponding



-4 -

differences between the Tu and TlO conditions no wvalue reaches

the 5% level although that for Target 1 (0.19) is very close to
it. For the differences between the Tu and the 'I‘5 conditions
only one value, that for Target 16 reaches the 5% level but for
three other targets (Numbers 17, 15 and 1) the values reach the
10% level. 1In spite of these low significance levels it can be
seen in Table 7.1.9 that, apart from Targets 14 and 3, there is
consistent trend of lower detection probablility with reduced search
time for each of the targets. Although the Interaction between
search time and targets is non-significant 1t can be seen that the
targets most affected by the reduced search time tend to be the
more difficult ones.

The seven targets used in this experiment could be divided
into a group of large targets (Numbers 3, 14, 16) and a group of
small targets (Numbers 17, 15, 13 and 1) as desceribed in Part IV
of thls series of reports. Within each time condition there is a

silgnificant difference in detection probability between these two

target groups, the mean values being shown in Table 7.1.10.

TABLE 7.1.10

Detection probabllities for large and small targets,

Search time condition
T5 T10 Th
Large targets (3) 0.76 0.79 0.82
Small targets (4) 0.21 0.31 0.42

Within the large target group the effect of reduced search time
1s non-significant but within the small target group the effect

is more marked and reaches the 5% level (one-tall test),
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Thus, in spite of the fact that when all targets are considered
individually the interaction between targets and search times
is non-significant, it is clear that detection of the group of
small targets is more seriously affected by reduction of search
time than the detection of the group of large targets.

As Indicated in Section T7.1.1, it 1s not appropriate to take
the overall mean search time as representative of search time under
the fu econdition, and the same applies to search times for the
large and small target groups. The cumulative distribution curves
for the probabllity of correct, and of incorrect detectlon under
the Tucondition are therefore plotted separately for the large
and small targets in Figure 7.1.6. As in Figure 7.1.1 the shaded
area bounded by the two curves in each dlagram represents the
proportion of targets for which, at any speciflied time, no decision
had been made. Histograms representing the proportion of eorrect
detections achleved under the T5, and the TlO conditions are superimposed.

The diagrams in Figure 7.1.6 show that, in general, under the
Tu condlition the large targets are detécted not only more accurately
but also in less time than the small targets. For both types of
targets higher proportions of correct detections are made under the
paéed conditions than are made in the same time under the unpaced

condition. The relevant values are shown in Table 7.1.1ll.

TABLE 7.1.11

Comparison of paced and unpaced conditions for large and small targets.

LARGE TARGETS SMALTL, TARGETS
Maximum search time -
Paced Unpaced Paced Unpaced
5 seconds 0.76 0.43 0.21 0.11
10 seconds 0.79 0.60 0.3 0.21
Unlimited - 0.82 - c.he
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FIGURE T7.1.6

The effect of search time on detection probability for large

and small targets under paced and unpaced conditions.
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As shown in Figure 7.1.6. the proportion of large targets
correctly detected under the T5 paced condition was only achieved
after 15 seconds of unpaced search time. For small targets it
required 10 seconds unpaced time to achleve the same detection

probability as under the T_ paced condition,. For both types

5
of targets detection probabilities achieved under the T1 condition

0
were only obtained after 18 seconds unpaced search time.

It would not be expected that the values of I, as calculated
from the expression glven on Page28 would be the same for large and
small targets since, as has been shown, the two groups of targets have
very different characteristies. In particular, it would be expected
that the I value, which can be regarded as a measure of the subjectd
ability to correctly detect targets in less time than they would
choose to under unpaced conditions, would be lower for the small
targets than for the large targets, since the more difficult
the targets are to detect, the less likely is it that such 'forced'
deci sions will be made correctly.

It would be expected, however, that for each group of
targets the two values of I corresponding to the 5 second and 10
second search times would be approximately equal., Calculations

showed that for large targets the vealue of I_ was 0,61 and the

5
value I was 0.59, TFor small targets the corresponding values

10
were 0.12 and 0.16. The agreement between each of these pairs
of values 1s falrly close, particularly in view of the fact that,
in the case of small targets the values are relatively small,
which makes them proportionately more sensitive to random
variation. On the basis of these values it is posaiblé to predict
the proportions of correct detections for large and small targets

separately which would be achleved in any specifiéd paced time,

These are indicated in Figure 7.1.6 by the dotted lines. It
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can be seen that for large targets performance is close to 1ts
asymptotic value after 10 seconds under paced conditions, whereas
for small targets it eppears that the asymptoiic value would only
be achieved after 20 seconds paced time.
Detection probabllity values for large and small targets under

th and Tl paced conditions were derived from the raw data given

¢Tas
in Table T7.1.5. As found for the T5 and T10 conditions, there was a

marked dlfference between the values for large and small targets and,

in each case, the trend of decrease in detection probability with

reduction in search time was apparent. However, owing to the limited
amount of data obtained in this subsidiary experiment, the 95% confid-

ence limits of these mean values were relatively large {approximately *0.18)
and, apart from the significance of the differences in detectlon probab-
ilities between large and small targets, no definlte conclusions can

be drawn from them. The main purpose of calculating these means

was to determine the corresponding values of I and I.. Table

2.5 1
7.1.12 shows the four I values for each group of targets.

TABLE 7.1.12
Values of T for large and small targets

Large targets Small targets
Do 0.59 0.16
Ig 0.61 0.12
I,.5 0.60 0.16
I 0.48 0.14

The agreement within each set of four I values is reasonably

2.5 and I1 are

based on very limlted amounts of data, The only marked discrepancy

close but it must be emphasised that the values for I

occurs in the Il value for large targets, which is lower than would be
expected. This value is not significantly different from the other three
values but one possible reason for the discrepancy is considered in

the discussion, Section 8.
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T.1l.5. The Interactlion between ranges and targets

The analysis of variasnce glven in Table 7.l.2 shows that there
is a significant interaction between ranges and targets., This result,
which has also been found in previous experiments, indicates that
individual targets are differently affected by the range conditions
tested, Since the effect of limited search time on detection
probability was the main concern of this experiment, this overall
ranges by targets interaction 1s of less interest than the triple
interaction between ranges, targets and search times. As shown in
Table 7.1.2. this triple interaction, which relates to the individual
target, range and gearch time conditions is non-significant. It was
therefore of interest to determine whether by grouping targets into
large and small, as in Section 7.l1l.4, and ranges into long and short,
it would be possible to show that some of these target and range
conditions were more adversely affected by limited search times than
others. The mean detection probabilities for large and small target
groups at long and short ranges were calculated and are shown in

Table T7.1.13.

TABLE T.1.13

Mean detection probabilities for large

and small targets at long and short ranges

Large targets(3) | Small targets(4) All targets
5 To Ty |5 Mo T | T Ty T

Short ranges )
(1 and 2 miles)| 0.86 0.89 0.92 | 0.33 0.4% 0.5 { 0.56 0.63 0.68

Iong ranges
(3 and 4 miles)| 0.63 0.67 0.70 | 0.06 0.17 0,31 {0.%0 0.38 0.48

All ranges 0.76 0.79 0.82 | 0.21 0.32 0.42 | 0.45 05.52 0.59
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It can be seen that, as would be expected, detection probabllities
are highest for large targets at short ranges and lowest for small
targets at long ranges. Within each targets/rangesblock there is
a decrease of detection probabllity with reduction of search time,
Table 7.;.14 shows the difference in detection probability between
the Tlo and the Tu condltions, and between the T5 and Tu conditions
for each block, and the levels of signiflcance reached by these

differences.

TABLE 7.1.24.

Decreases 1n detectlon probability due to reduction in search

time for large and small targets at long and short ranges.

Large targets(3)]| Small targets(4) | All targets (7)
TrTo T | Tl TrTs | T o T Ty
Short ranges 0.03 0.05 0.06 0.17 0.50 0.12
' N.S N.S. N.S. p<0.05 | N.8. p<0.05
Llong ranges 0.04 0.07 0.14% 0.25 0.10 0.18
N.S. N.s. |(p€0.10) p<0.01 |(p<0.10) p<0.01
All ranges 0.03 0.06 0.10 0.21 0.07 0.14%
N.S. N.8. |(p<0.10) 1¢0.01 [{p<0.10) {(p€0.10)

Although not all the difference values glven in Table 7.1.1l4# reach
the 5% level of significance they do show a high degree of conslstency.
In each case there is a greater difference 1n detection probability
between the Tu and the T5 conditions than between the Tu and T10
conditions. It can also be seen that the decrease in detection
probebllity under each of the paced conditicons is always greater for
small targets than for large ones, and greater for long ranges than
for short ones. Thus the greatest decrease in detection probability,

0.25 occurs between the Tu and T_ condition for small targets at long

5

ranges, and the smallest decrease, 0.03 occurs between the Tu and T10
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conditions for large targets at short ranges. {ther combinations

of targets, ranges and search time conditions result in intermediate
decreases in detection probability as shown in Table 7.1.1%. None
of the values assocliated with large targets are significant but

for small targets the effect 1s more marked and most of the values
are significant.

The data given in Table 7.1.13 are shown diagrammatically in
Figure 7.1.7. In this Figure, whlch represents a further
partition of the data shown in Figure 7.1.6, the detection
probability data for the Tu condition are plotted cumulatively and
histograms representing the detection probabilities achieved under
the Tlo and 'I‘5 conditions superimposed. The lower curve in each
of the four diagrams represents the cumulated probability of
correct detection with Increased time under the '1‘u condition,
and similarly the upper curve represents the cumulated probabiiity
of Incorrect detection. The shaded area bounded by the two curves
represents, for any given time, the proportion of »resentations about
which no decision had been made. The four diagrams, which relate
to large and small targets at long and short ranges, illustrate
clearly the Jecrease in overall probability of correct detection
and the increase 1n search time that occurs under the Tu condition
as the detectlon task becomes more difficult.

Under the T5 and gijconditions detection probablilities alsco
fall with Increasing difficulty of the task. For three of the
four range/target size combinations (a) (b) and (c¢) the T5 and TlO
values are higher than the corresponding values obtained in the
same times under the unpaced Tu condition. The fourth range/target
size combination, small targets at long ranges, is an excepticn

in that the values of the detection probabllities achieved

under the T5 and TlO paced conditions are not greater than thoss
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FIGURE 7.1.7

The effect of search time on detection probability for large

and small targets at long and short ranges
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achleved in the same times under uppaced conditions. As can be

seen in Flgure 7.1.7 (d) the T_ and T,, values fall almost

5
exactly onto the cumulative curve of the Tu data. This suggests
that in this, the most difficult of the four situations, none

of the targets, which under the Tu condition required more than
5 seconds, or more than 10 seconds, search time for correct
detection, could be correctly detected in less time under the 'I'5
and TlO paced. conditions.

Values of I5 and I, ., as defined on Page 28, were calculated

for each of the four sets of data shown in Figure 7.l1.7. These

values are shown in Table T7.1.15.

TABLE 7.1.15
Values of T for large and small targets at long and short ranges,
Is ho
Large targets/short ranges 0.72 o 0.72
lLarge targets/long ranges 0.55 0.54
Small targets/short ranges 0.22 0.29
Small targets/long ranges 0.00 0.04

As ‘indicated in Section 7.1.6 1t would be expected that pairs.
of 15 and Ilo values would be approximately equal and that the values
would decrease wlth increasing difficulty of the detectlon task.

The data shown 1n Table 7.1.15 are in good agreement with this
expectation. Although there is some discrepancy between the I5
and I10 values for the 'small targets at short rangeé data these

two values are not significantly different. The Ilo value of
0.04 for small targets at long ranges is not significantly different
from zero indicating, as already noted, that the detection probability

for the Tlo condition falls almost on the Tu cumilative curve.

The broken lines 1n each dlagram in Figure 7.1.7 indicate the
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detection probabilities that would be achieved in the various search
times under pace& conditions, 1f it 1s assumed that the value of I
remains effectively constant for each condition throughout the
entire range of search times. These broken lines are based on
the mean of each palr of values given in Table 7.1.15. It can be
seen that as the difficulty of the detection task increases the
length of paced search time that 1s required before detection
probabllity reaches 1ts asymptotic value would also increase.
For the data relating to small targets at long ranges shown in
Figure £.1.7. (d) the mean I value is almost zero and therefore
the broken 1line predicting performance under unpaced conditions
is almost superimposed on the line representing the cumulated
probabllity of correct detection under unpaced conditions.

Sinée relatively few values were avallable for the very short

search time conditions, T, and T little information could be

1 2.5"
obtained from partitioning these data to derive mean values relating
to large and small targets at long and short ranges, as in some
cages these means were based on as few as nine readings. This
resulted in the 95% confidence limits associated with the means
being so large (approximately + 0.35) that the values became almost
meaningless.

It is nonetheless of interest to note that the calculated values
of I, and T

1 2.5
and small targets at long and short ranges, agreed well with the

for the very limited data avallable relating to large

corresponding values given in Table 7.1.15 for the T5 and TlO

conditions, except in two cases. These were the Il and I2 5 values

for large targets at long ranges which were substantially lower than
the corresponding values for the T5 and Tlo conditions. However,
owing to the large confidence limits assoclated with the detection

probabilities there was no evidence that the I values were signif-

icantly different.
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7.2 Confidence level

In this experiment, as in previous ones, the subject was
required to indicate after each response the extent to which
he was confident that he had correctly located the target.
These scores ranged from 7, which indicated that the subject
was completely sure of the correctness of his response, to 2,
which indicated that he was extremely uncertaln. Under the two
paced conditions the confidence score of 1, which indicated
that the subject was unable to make any response, was not used.
This was to prevent a high proﬁortion of 'no response' outcomes
which might have occurred under the short search time conditions.
Instead the subjects were reguired to indicate what they regarded
as the most likely target location and, if very uhcertain,
assigﬂ a confidence level of 2, Under the unpaced conditions,
data for which are taken from Experiment I, the 'no response'
confidence level score of 1 was allowed but it occurred on
only two occasions.

The confidence level scores recorded for the two paced
conditions, T- and T

5 1
shown in Table 7.2,1. The analysis of varlance carried out

0* and the one unpaced condition Tu’ are

on these data is given in Table 7.2.2. The results show that
three out of the four main factors, search timés, ranges and
targets significantly affect confidence level, The fourth
main factor, navigational uncertainty, 1s non-significant.
These results are analogous to those obtained for the detection
prcbability data, and the significance of ranges and targets
agrees well with the results of previous experiments,

Only two of the interactions reach the 5% significance

level,
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These are the interactions between ranges and uncertainties, and
between targets and uncertaintles. This is a rather unexpected
result in view of the fact that in previous experiments no interaction
effects involving the navigational uncertainty factor had been
found., There 1s no obvious explanation of why such effects should
have been found in this.experiment since the interactlons do not
involve the search time factor, and all previous work had indlcated
that the difference between the two uncertalnty conditions had no
effect on the measures of detectlon performance made.

In the following section the effects of search times, ranges
and targets on confidence level are considered in more detall but

no further analyses are carried ocut on the interaction effects.
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TABLE 7.2.2

Analysis of variance on the confidence level data given in Table 7.2.1

Source D.F 3.8. M.S. V.R. Significance
Search times (8) 2 15.68 7.84 4. 87(e)| pco.01
Ranges (R) 2 46,34 | 23,17 |14.39(e)| p<0.001
Uncertainties (U) 1 0.38 0.38 - (o) N.S,
Targets (T) 6 294,18 49,03 30.45(e)| p<0.001
SxR 3,00 0.75 - (e) N.S.
SxU 2,74 1.37 - (e){- N.s.
SxT 12 26.28 2,19 1.36(c) N.S.
R xU 2 10.04 5.02 3.12(e)| p£0.05
Rx T 12 25.80 2.15 |} 1.34%(c) N.8.
Ux T 6 22.78 3.78 2.35(e)| p£0.05
SxRxU 4 1.48 0.37 - (b) N.S.
SxRxT 24 29.28 . 1,22 - (b) N.S.
SxUxT 12 19.92 1.66 1.00(b) N.S.
RxUxT 12 20.40 1.70 1.02(b) N.S.
SxRxUxT 24 31.20 1.70 - (a) N.S.
Residual (a) pED 425,88 1.69(a)
Pooled residual {b) 276 457,08 1.66(b)
(Residual (a) + SRUT)
Pooled residual (c) 328 528.16 1.61(c)
(Pooled residual (b)
+ SRU, SRT, SUT, RUT)
TOTAL 377 975.38

In this analysis the data relating to the 4 mile range condition have
been excluded as only half as many readings were available for this
range as for ranges 1 - 3 miles.
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7.2.1. The effect of search time on confidence level

The analysis of variance given in Table 7.1.2 shows that the
effect of search time on confidence level 1s significant. The
mean confidence levels for each of the three search time conditions

are given in Table 7.2.3.

TABLE 7.2.3

Mean confidence level for each search time condition

Search time condition T5 TlO T

Confidence level 4.71 © 5,05 5.20

It can be seen from this table that mean confidence level falls
with decreasing search tlime, as would be expected, The difference

between the confldence levels for the Tu and the T. conditions is

5
significant at the 1% level while the other differences, i.e. those

between the T5 and TlO’ and the TlO

at the 5% level., This fall in confidence level with decreasing search

and Tu conditions are signiflcant

time can be attributed not only to the fact that, when required to
locate the target 1n a shorter time, subjects are likely to be less
certain of thelr response, regardiess of whether or not it 1is correct,
but also to the fact that the values shown in Table 7.2.3 relate to
all decisions, both correct and incorrect. Since the proportion of
correct detectlons also decreased with decreasing search time it is
reasonable that mean confidence level should alse fall., This could
indicate that subjects are to some extent aware of their level of
performance although the absolute differences between the values
shown 1n Table 7.2.3 are small.

It was therefore of interest to determine the effect of search
time on the confldence levels associated with correct and with 1nco;rect

detections separately. The relevant values are given in Table 7.2.4.
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TABLE 7.2.%

Mean confidence levels for correct and incorrect detections

COREECT INCORRECT

Search CETECTIONS LETECTIONS
time Mean % Mean %
condition | confidence N confidence N

level level

T5 5.66 66 3.90 81
T1o 5.86 77 4,10 70
Ty 5.68 87 4,40 60

*N = Number of readings on which each value 1s based.

Within each of the search time conditions shown in Table 7.2.4 the
mean confidence level assocliated with correct detections is significantly
higher than that associated with incorrect detections, There are no
significant differences between the mean confldence levels associated
with correct detections for the three £ime conditions but for those
associated with incorrect detections the mean value for the T5 condition
is significantly lower than that for the Tu condition, These results
indicate that for those detections that were made correctly the reduced
search time had no effect on confidence level but for those detections
that were incorrect reduced search time resulted in significantly lower
confidence level, i.e. the subjects assessed their performance more
accurately since they indicated, on average, 2 lesser degree of certainty
In those detections which in fact proved to be lncorrect.

As explained in Section 7.1l.1 1% is not possible to assoclate any

specific search time with the Tu condition. It 1s therefore more

appropriate to plot these data cumilatively against search time.
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In the case of confildence levels various different ways of cumulating
the data are available since the values range from 1 to 7 and are
assoclated with both correct and incorrect decisions. It was
decided that the most appropriate way to cumulate the data, in order
to compare them with those obtained for the paced conditions, was to
separate the data assoeciated with correct and incorrect detections
and for each set of data plot a cumulative average as shown in
Figure 7.2.1. Any polint on the curve relating to' correct detec-
tions, for example, represents the average confidence level
associated with all correct detections made up to and incluﬁing

the time agalnst which it is plotted. The curve for incorrect
detections is plotted in the same way.

For both correct and incorrect detections the cumulative mean
confidence level falls as search time increases. This is reasonable
since under the unpaced conditions the responses made after longer
search times tend to be those associated with more difficult targets.
For the incorrect detections there is initially some fluctuation about
the curve which can be ascribed to the fact that only very few
incorrect responses were made in these short search times.

In each case the mean confidence levels for the paced conditions
are lower than those for the responses made in corresponding times
under unpaced conditions., This would be expected since under the
unpaced conditions subjects responded only if they were ready,
whereas under paced conditions they were required to make a response.
Data for the paced conditions therefore relate to all responses,
whereas those for the corresponding unpaced times relate only to
those responses the subjects had chosen to make, Detailed com-~
parison is therefore not meaningful although it is of interest to
compare Figure 7.2,1 with the corresponding detectlion probability

data shown in Figure 7.1.1.
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FIGURE 7.2.1

The effect of search time on mean confidence level under

paced and unpaced conditions
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T.2.2 The effect of range on confidence level

The analysls of varlance given in Table T7.2.2 shows that the
effect of range on confidence level is highly significant (p <0.001).
It would be expected that mean confidence level would fall as range
increases and the targets become more difficult to detect., This
effect can be seen in Table 7.2.5 which gives the mean confidence

level at each range under each search time condition.

TABIE 7.2.5

Confidence levels at each range for each search time condition.

Search time - Range (miles)
condition 1 5 3 I
Ty 5.21 4,71 Ity 4,29
T10 5.45 5.00 .90 4 48
T, 5.74 5.40 4,67 4,76
Overall - '
mean 5.55 5.12 4,73 4,57

Differences within the main part of this table must reach 0.46
to be significant at the 5% level (one-tail test), or, i1f the 4 mile
range conditicn 1s involved, 0,57. Within the 1 and 2 mile range
conditions the differences in mean confidence level between the
T5 and Th conditions are significant and within the 3 mile range
condition the difference between the T5 and Tlo condditions is sig-
nificant, Other confidence level differences within range conditions
are not significant and, although some of the differences hetween
ranges within search time conditions reach the 5% significance level

there is no consistent pattern.
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In Table 7.2.5 values are also given for the mean confidence
level at each range averaged over all time conditions. As in the
case of the detection probabllity data these values are of less
interest than the ones that show the effect of range on confidence
level for each time condition separately. The data shown in Table
7.2.5 are plotted in Figures 7.2.2. - T.2.4 together with the
regression lines of confidence level on range for each of the three
time conditions. It can be seen that the effect of range on
confidence level is linear for each time condition although for
the Tu condition there is some deviation of the points around the
line, However, as shown in Table 7.2.6 which gives the regression

analysis, this deviation is not significant.

TABLE 7.2.6

Regression analyses on range variatlon for each search time condition

Search
time Source D.F. s.8. M.S. V.R. | Significance
condition
Range 3 18.37 6.12 3.8 p<0.025
T Linear
5 regression 1 17.14 17.14 10.71 p<0.005
Deviation 2 1,23 0,62 - N.S.
Range 3 14,63 4,88 3.03 p<0.05
T Linear
10 regression 1 13.65 13.65 8.48 p<0,005
Deviation 2 0.98 0.49 - N.S.
Range 3 29,90 9.97 6.19 p<0.00L
T Linear
u regression 1 25.67 25.67 15.94 P 0.001
Deviation 2 4,23 2.12 1.32 N.S.
Residual’ 28| 528,16 1.61

*# This value for the residual variation i1s taken from the analysis
of varlance given in Table 7.2.2. The value can only be regarded
as an estimate of the residual variation in the three separate sets
of data for the same reasons as outlined below Table 7.1.8. in the
case of the detection probabillity data.
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FIGURE 7.2.3

The effect of range on confldence level under the
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FIGURE 7.2.4

The effect of range on confidence level under the

unpaced condlition (Tu)
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Figure 7.2.5 shows the three regression lines plotted together
for comparison purposes. The lines relating to the T5 and TlO
conditions are almost parallel and, as would be expected, the T5
line is lower than that for the Tlo condition., The line relating
to the Tu condition 1s slightly steeper than the other iwo lines,
largely because of the unexpectedly low value for the 3 mile range.
However, calculatlion of the llnear component of the R x T interaction

showed that the gradients of the lines were not significantly dif-

ferent, 1.e. the lines did not deviate significantly from parallel.
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T.2.3. The effect of target differences on confidence level

The analysis of variance glven in Table 7.2.2. shows that
target differences have a highly significant effect on confidence
level but the interaction between search time and targets fails to
reach the 5% level of significance. The mean confidence levels
for each target under each condition of search time are given

in Table 7.2.7.

TABLE 7.2.7
Mean confldence levels for targets under each search time condition
Target ConfidenceT5 Confidenjio ConfidenceTu
Level Renk Level Rank Level Rank
14 6.3 | 1 6.19 1 6.33 1
3 6.05 2 5.86 2 5.95 2
16 4,90 > 5.05 4 5.19 4
17 4,24 5 4.9 5 5.38 3
13 4,33 ! 5.14 3 5.10 5
15 3.62 6 5.38 6 4,43 6
1 3.43 7 3.67 7 | k.00 7

The coefficlent of concordance, W, for the correlation between
the rank orders of the target under each search time cordition was
a highly significant value, indicating that, as can be seen in Table
T7.2.7. the rank orders of the targets according to mean confidence
level were scarcely affected by the search time conditions.
Differences between mean confidence levels in Table 7.2.7. must
reach 0.77 to be significant at the 5% level. The differences

between the Tu and the T. conditions do not reach significance for

5
any of the large targets but for three of the four small targets. the

mean confidence level is significantly lower for the 'I'5 condition

than for the T A condition. Within each of the search time econditions



- 68 -

differences in confldence level between targets high and low 1n the
rank order are mostly signifipant, but there is some overlapping
between targets ranked in the middle,

Mean confidence levels for the large and small target groups

are given in Table 7.2.8.

TABLE 7.2.8
Mean confidence level for large and small targets
T
Search time condition
T5 TlO ’I‘u
large targets (3) 5.78 5.70 5.82
Small targets (4) 3.90 4.52 4,73

The mean confidence values for large targets under each search
time condition are not significantly different and the trend of lower
confidence with reduced search time 1s not entirely consistent.

For the small targets the trend is consistent and significant, the
difference between confidence levels for the T5 and Tu conditlons

being significent at the 1% level. Thus it is clear that the confidence
levels associated with small targets are more seriously affected by

the reduction in search time than those asscclated with the large

targets, This result is analogous to that shown in Table 7.1.10

for the detection probability data.
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7.3 Map~briefing times

Previous experiments had shown that the time the subject
required to familiarise himself with the target area, and the
approach to 1t, as shown on the 1" = 1 mile map, bore no definite
relationship to his subsequent performance., In the present
experiment no detailed analysis was carrled out on these data.
However, 1t was of Interest to determine whether the subjects
who were subsequently required to detect the targets under paced
conditions took significantly different times in map-briefing.
The mean map=brlefing times taken under each of the search time

conditions are shown in Table T7.3.l.

TABLE 7.3.1

Mean map-briefing time for each search time condition,

Search time condition T T T

Mean time taken for

map-briefing (seconds) 114.5 106.1 89.6

It can be seen from this table that the average time taken
by the subjects for map-brlefing increases as the time allowed
for searching the display decreases., This trend, which i3 sig-
nificant at the 5% level (two-tail test), suggests that subjects
may have attempted to compensate for the shorter search time by
spending longer in familiarising themselves with the information

given on the map.
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7.4 Psychometric measures

As explained in Section 3, Experimental Design, the three groups
of 21 subjects assigned to the TS, Tlo and Tu conditions were balanced
in terms of the mean scores obtained on Heim's A,H.5 test of intelligence
since, as shown in Experiment I, these appeared to be correlated with
detectlon performance. The small differences between the three mean
scores were not significant, although the mean for the TlO group was
marginally higher than those for the other two groups. None of the
means differed significantly from the population norm for students, anﬁ
there was no significant difference between the standard deviation values
for each group. These data are given in Table 7.4.1, It was also
found that there was no significant difference between the means or the
standard deviation values for the E (extraversion-intraversion) and N
(neuroticism) scores for each group as determined from the Eysénck
personality inventory;

It was of interest to determine whether the relaticnship between
intelligence score and detection performance, in terms of the number of
correct detections made, found in Experiment I for the Tu group, also
held for the T5 and TlO groups, It might be expected that the subjeéts
scoring higher on the test would be less affected by the short search
times than those scoring lower. Tf this were so, then the value of
Kendall's tau for the correlation between performance and intelligence
score should increase as the search time is decreased, since reduction
in search time would tend to accentuate the differences between subjects.

Values of Kendall's tau were calculated for the correlation between
performance and intelligence score for the subjects in the T5 and TlO
groups. These values of tau were then compared with the value obtained

in Experiment I for the Tu group, The relevant data are shown in

Table 7.4.1.
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TABLE 7.4.1

The correlation between scores on Heim's test and

detection performance for each group of subjects.

Subject group T5 Tﬁo Tu
Mean 41.8 44.8 41.7
Scores on
t
Helm's test  s.a. 7.3 7.2 £7.4
Kendall's tau +0.42 -0.02 +0.49
Significance p £0.004 N.S. p < 0,002

It can be seen from this table that for two of the subject
groups, T5 and Tu’ there was a significant correlation between
number of correct detections made and the scores on Heim's test
for the individuals in the groups. For the remaining group, Tlo’
there was no evidence of correlation, the wvalue of tau being
almost zero. There 1s no obvious reason for this lack of correl-
ation as 1t is unlikely that the slightly higher mean intelligence
score could aceount for it. The data do not support the theory that
the more Intelllgent subjects would be less adversely affected by
the reduction in search time. On the contrary, the most significant

value of tau is that for the sublects tested under the Tu unpaced

condition.
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B, DISCUSSICN

It is clear from the results described in the previous section
that there are marked differences between performance wunder the paced and
unpaced conditions, The data obtained in this experiment enabled these
differences to be analysed in two separate ways, and the main part of
this discussion is concerned with the results obtained from these
analyses:

{1) The overall detection probabilities achieved under each

| of the search time conditions, one unpaced (Tu) and four

paced (T and Tl)’ were directly compared, The

10° T5’ T2.5
highest detection probablility value was that obtained under
the unpaced condition. Under the paced conditicns there
was a consistent decrease in detectlon probability with
reduction in search time, It was also found that, whereas
the detection of large tarpgets was little affected by the
reduced search time, the effect was much more marked for
the small targets,

(11) The detection probabilities achieved under each of the
four paced conditions were compared with the cumulated
detection probabilities achieved up to and including the
corresponding time under unpaced conditions, The results
showed thatthe overall probability of detection was greater
in each of the paced search times than in the corresponding
unpaced times, IMurther analyses of these results indicated

that there was a definite relationship between paced and

unpaced performance,

The decrease in overall detection probability that occurs as search
time is reduced can be attributed to two main factors, Firstly, the

reduction in search time reduces the amount of information that can
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be obtained from the display and, secondly, it reduces the time available
for relating this information to that derived from the map., It should

be noted that, under the conditions of this experiment, the time that

the subJect spent actually indicating the target position was outside

the measured search time and need not be considered here,

If the mean fixation time remains constant then a reduction in
the search time allowed would result in a directly proportional reduction
in the nunber of fixations that could be made, However, there is some
evidence that, when the subjects kncws that only a limited search time
is available, mean fixation time decreases (Richman, Enoch and Fry, 1958).
This would tend to compensate for the reduction in search time, but it
is likely that shorter fixation times would result in less information
being obtained per fixation, This is conslistent with the result, also
found by Richman et al, that as mean fixation time decreased, the mean

Interfixation distance also decreased,

The information-processing component of the detection task involves
relating the oblique terrain scene shown in the photograph to the
information previously obtained from the map. Since maps show detalls
of the terraln in plan view, and in a symbolically coded form, mental
translation between the two types of information is necessary, The
effectiveness with which this complex mental task can be carried out
is likely to influence both the search pattern used and the accuracy of
the response, but no information is available as to how such a task is

affected by reduction in the time available,

The detection probabilities achieved under the four paced condi-
tions could be directly related to the corresponding search times, but
the unpaced condition, for which the overall detection probabllity was

0.59, was of a different nature since it was associated with a wide
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range of search times, Under the TlO’ '1‘5 and T‘?_5 paced conditions
the overall detection probabilities (0,52, 0.45 and 0,41 respectively)
decreased significantly in a linear manner with decreasing search time.
This is consistent with the results reported by Boynton and Bush (1955)
and Boynton (1960) that percent correct recognition was directly proport-
ional to exposure time within a 3 - 24 seconds time range. However, under
the conditioné of the present experiment, it is unlikely that this linear
relationship would continue very far outside the 2,5 -~ 10 seconds time
range, and the low detection probability found for the T1 condition, (0.29),
is in accordance with this, This low value would be expected singe in such
a short search time very few fixatlions could be made and therefore no detailed
information c¢ould be cbtained from the display.

These overall detection probability values relate to all the
range and target conditions tested, thus concealing the differences between
presentations in which the target occupied a relatively large proportion
of the display area and those in which the target was very small. The
effect of these differences on detection performance under reduced search
time conditions would depend on the interacting effects of a large number
of factors, including the number of fixations made, the mean fixation time,
the visual lobe size, the target size and the search strategy adopted,
Detailed discussion of the resnlts ohtained is precluded by the lack of

information avallable:

(a) The effective visual lobe size is not known. This
is likely to be affected by several variables including
target size, contrast and background complexity. These
factors varied considerably in the targets presented in
this experiment and cne would thus expect cofresponding
variations in the visual lobe size, Some variation

between subjects would also be expected,



(b)

(e)
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The area of the display searched is not known., Given
unlimited time a subject might search the whole display
but under paced caiditions it is more likely that
detailed search would be restricted to a central portion
of the display, since almost all the targets were posi-
tioned in a central vertical section, approximately

half the width of the display, and the subjects would

learn to expect this,

The search pattern is not known. It is unlikely that
search would be either completely random, or that it
would be systematlc in the sense that a consistent
linear 'reading' pattern would be followed, It would

be expected that after some initial fixations from

which the subject derives an overall impression of the
main features in the display he adopts some sort of
strategy by which he uses the information he derives
from conspicuous features of the terrain to locate the
general area in which detailed search is necessary,

The ability of the subject to process informétion in
this way 1is likely to influence both his search pattern
and the accuracy of hls response. A two-phase search
process of this type was reported by Fnoch (1959) who
studied the eye-movements of photo~Interpreters viewing
vertical imagery, During the first, or 'orientation'
phase the subject scanned the display in a characteristic
pattern, before commencing the second 'specific' search
phase in which use was made of any clues to target
location ¢btained during the orientation phase, Howéver,
it is not known how reduced search time would affect each

phase of this search pattern.
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(d) 'The mean fixation time, and how it is affected by
reduced search time under the conditions of this
experiment, is ﬁot known., There is also no information
about the percentage of the total search time occupied

by fixations,

Extensive experimentatien would be needed to obtain adequate
information about each of these factors and the extent to which they are
affected by limited search time, TIn the absence of such information it
is only possible to discuss the results obtained, particulerly those theat

relate to differences between large and small targets, in general terms.

The simplest case, that of targets occupying a relatively 1;rge
proportion of the display, will be corngiderzd first, Two of the seven
targets were markedly larger than the others and when viewed at short
ranges (1 and 2 miles), they occupied on average 5% of the display area,
In each case the target was a very conspicuous feature, which could be
recognised without r&ference to other surrounding features in the
terrain thus minimising the need to use detailed map information, The
third target included in the large target group was of a rather dif-

ferent nature and is therefore considered separately, »

Mean detection probabilities for the large targets under the
Ty T5, T2.5 and T1 conditions were 0.92, 0.87, 1.00 and 0.87 res-
pectively, but it should be noted that the last two values are based
on extremely limited data, These values indicate that for the very
conspicuous targets no significant deterioration in detection prob-
abllity occurs as a result of a substantial decrease in the time
availeble for search. Detection probability remains at a high level
even when search time is reduced to 1 gsecond, durlng which nc more than

five fixations, and probably less, would be made.
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The high probability of detection achieved in tie 1 second search
time can be accounted for only if (1) the visual lobe within which these
conspicuous targets could be detected was large and thus each fixation
covered a substantial proportion of tre display, and/or (ii)} search was

restricted to a limited central area of the display.

No information is avallable about either of these factors but it
is clear that the search times allowed under the longer paced conditions
were greater than necessgary for these large targets for which very little
search was required, The detection probability for these targets under
unpaced conditions was 0,96, slightly higher than that for the TlO
paced condition, The corresponding mean search timéd was 5.6 seconds,
67% of the responses being made in less than 5 seconds and 37% in less
than 2.5 seconds, 'This again indicates that the longer paced conditions
allowed longer search times than were actually reqguired for large
targets, It seems likely that these targets, which occupied g relatively
large proportion of the display area, could usually be detected during

the initial 'orientation' phase of the search process, this rendering

the second '&pecific' search phase unnecessary,

The third target included in the large target group was different
from the other two in that it was relatively small, but was situated
immediately adjacent to a large conspicuous feature, recognition of
which enabled the target to be rapidly located, In previocus experiments
under unpaced conditions, and under the longer paced conditions studied
in this experiment, the performance levels associated with this target
were very slmllar to those for the two large targets, and therefore
all three targets were grouped together for analysis., However, under
the Tl condition the mean detection probability for this target at short
ranges decreased markedly to .25, indicating that this very short

search time did not allow enough time for the two-stage ~etectlon process
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necessary, If this were so, it would be expecited that this Tl detection
probability would be comparable to the corresponding values for the small
targets at short ranges, and it was in fact found to be exactly equal to
the mean value, but it must again be emphasised that only limited data

were avallable,

The detection of small targets, particularly when presented at
long ranges, is a much more difficult task, since the proportion of the
" display occupied by these targets averaged less than 0,5%, The prob-
ability of detecting these targets by a random search process spread
over the whole display is small since much more detailed search would
be required for targets of this size than for the large ones consgidered
previously, Under these conditions it is necessary for the subjects
to use the information derived from conspicuous features of the display,
during the initial 'orientation' phase, to locate the target area,
Detaliled search of this limited area is then carrled out during the

'specific' search phase,

Performance of a complex search task of this kind, invelving both
information processing and detailed search is likely to be more markedly
affected by reduction in search time than the relatively simple task of
finding large consplcucus targets, Even if mean fixation time decreases
as the search time allowed is reduced, thus enabling more fixations to
be made In a given time, it is likely that less Information will be
obtained per fixation. Thus, although the efficiency of the detectlon
task may be Increased, this would not entirely compensate for the reduced
search time, A deterioration in performance would therefore be expected,
and the results of this experiment, which showed that detection probabil-
itles for small targets at long ranges were 0.31, 0.17, 0,06, 0.06 and 0,00
for the Tu, TlO’ T5 and T2.5 and T1 conditions respectively arc in accord-
~ance with thig. The decreasing trend was significant although the values

relating to the T2 and Tl conditions were based on relatively few read- .

-5
ings. A large decreasse in detectlon probability occurred between the Th
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unpaced condition and the T10 condition, indicating.that for these taprgets
even the longest paced condition did not allow adequate time for this dif-
ficult detection task. This is consistent with the fact that under the Tu
condltion tﬁe mean search time for this target group was 16.5 seconds, and
only 27% of all responses were made in less than 10 seconds. In view of this
it is not surprising that only very low probabilities of correct detection

were found for the T5’ Tb 5 and Tl conditions.

These two groups of target and range conditions were chosen to
11lustrate some of the problems associated with the interpretation of the
results of this experiment, since they represented the two extremes of tﬁr-
get slze, in terms of the average proportion of the display occupied. The
other two groups, large tergets at long ranges and smell targets at short
ranges, were intermediate in nature and intermediate in terms of the extent

to which detection probability decreased as search time was reduced. Although

the groupinz; of target size and range conditions is not precise the results
discussed above indicate that in this cxperiment the effect of reduced search

time on detection performance depends primarily on the size of the target.

The lack of information about fixation times and search patterns also
precludes detalled discussion of the second main result found; thet under
paced conditions the overall detection probabllity achieved is greater in
each cése than the cumulated probability of detection up to and including
the corresponding time under unpaced conditions. This comparison is between
the proportions of targets correctly detected in the same time under two
different conditions: an unpaced one, In which the subject responded volunt-
arily, knowing that if he wished he could teke longer, and a paced one in
which he wag required to make a response at the end of the allotted time.
The results clearly indlcate thatinaglven time subjects are capable of mak.

ing more correct detections than they chose to do under unpaced conditions.

One or both of the following reasons might account for this:
(a) The subjects actually detected the targets more quickly
under the paced conditions.

(b) Having detected the target, they were forced to report it
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more quickly under the paced conditions, l.e. they were
not able to delay responding in order to check or confirm

what they thought to be the target position,

The first of these two possible explanations could be due to the fact
that under the paced condltions the subjects were more highly motivated and
less liable to distraction since they knew that they had to complete the
detection task in a limited time. As indicated previously, it is probable
that under these conditions mean fixation time decreased, and the task was
carried out more efficlently, thus resulting in improved performance undér
paced conditions as compared with the corresponding unpaced time. However,
it is unlikely that the increased search efficiency could entirely account
for the large differences between the number of correct detectiomns achieved

in & glven time under the paced and unpaced conditions.

The other posSsible reason - that under unpaced conditlons subjects
delayed responding in order to check the accuracy of their response could
also account for this difference 1n performance, since any delay occurring
between the time a target was detected and the time the response was mdde
would have the effect of increasing the measured search time without sus-

stantlally affecting the overall probablility of detection,

The extent of the improvement in detection probability under the
paced conditions depended on the difficulty of the detection task., It
was much greater in absoluie terms, for the large targets than for the
small ones, This difference also tended to be greater for the shorter
paced times than for the longer ones, For instance, under the Tl condition
the overall detection probability was 0.28 as compared with zero in the
same time under unpaced conditions, whereas the corresponding values for -
the 10 second search time were 0.52 (paced) and 0.37 (unpaced). Howevér,
it is more meaningful to discuss this improvement in relative rather than

absolute terms and an interesting result found in thisg experiment concerned

a measure, designated I, used for this purpose.
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Detalls of the derivation of these I values, and a formula from
which they may be calculated, are given on Page 28, For the purposes
of this discussion the I values can best be regarded as the proportions
of 'forced" responses that were made correctly under the different
paced conditions, ‘'Ferced' responses were those that sublects had not
chosen to make under unpaced conditions in the time concerned, whereas

under paced conditions they were required to respond to each target
presentation, It was found that the values of I remalned effectively
constant for different pacing conditions, In other words, although
the number of 'forced' decisions decreased with increasing time the
proportioﬁ of them resulting in correct responses remained constant,
This result was found not only when all targebts and range conditions
were considered together (see Section 7.1,1 ) but also when they were
divided into groups according to difficulty (see Sections T.l.4,
7.1.5 ). It was also found that the value of I decreased with inereasing
difficulty, i.e. the more dirficult the detection task the smaller the
proportion of 'forced' decisions that were made correctly., The most
dlfficult target group gave rise to I values close to zero, indicating
that for this group virtually no improvement in performance was
achieved under paced conditions.

These relationships, if valid, would allow performance under
any paced condition to be predicted for any group of targets, from a
knowledge of the search time distribution under umpaced conditions, and
the perfarmance achieved under one paced condition, There is no
evidence that the relationship between paced and unpaced performance
is valid for paced times longer than 10 seconds but it is reasonable to
suggest that this would be so,

Caleculation of the predicted detection probabilitlies under longer
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paced conditions shows that they increase to an agymptotic level,
which is effectively reached in 20 seconds of paced search time, This
asymptotic level is, by the nature of its calculation, the same as
that obtained under unpaced condttions,

The detection probability achieved under the '1‘1 condition is of
particular interest since under unpaced conditions no detections were
made in less than 1,2 seconds and therefore all responses made under
the T, condition could be regarded as 'forced', The overall probability
of correct detection under the Tl condition was therefore equal to the
I1 value, i.e, the proportion of 'forced' decisions made correctly,

In determining detection probability under the Ti condition the normal
experimental technique had to be modified, as described in Section 6,2,

to take account of the wvery short search time, In spite of this the overall
value of Il’ 0,29, agreed closely with the corresponding I values for

the other paced conditions., It was also in good agreement with the
proporticn of target presentations that had been rated as 'very easy

to detect' by two skilled navigators at the-start of this series of
experiments,

Partitioning of the Tl data into two groups relating to large
and small targets, enabled the corresponding Il values to be caleculated
for each group, In the case of small targets the agreement with I
values for the other paced conditions was good, but for the large
targets the I1 value, 0,48, was lower than the corresponding values
(0,60, 0.61 and 0,59) for the other paced conditions. This low value
is based on very few readings and it is not significantly different
from the other wvalues, but in any case thls effect would be expected
as a result of the anomously low detection probability, under the Tl
condition, for one of the targets in the large target group which has

already been discussed. As would also be expected, the effect was found

to be much more marked for the I value relating to large targets at long
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ranges, than for the value relating to short ranges, There was also
some evidence that the 12_5 value for large tergets at long ranges was
lower than the other I walues for this group. In all other instances
the I values for the different paced conditions within any target group
were In good agreement.

Although the apparent constancy of the I values is of some
interest, it is not possible to discuss this result in formal terms
since the experimental material used in this study was not closely
controlled in terms of target slze, shape, contrast ete., and, as
indicated earlier in this section, much releveant information is not
aveilable, However, some general points can be made, Of particular
relevance is the fact that I values derived in this way are likely to

be vory sensitive to the conditions under which the experiment was

carried out, and especially the instructions given to the subject,

An important feature of this experiment was the fact that under
the T2.5, T5 and TlO paced conditions each of the subjects WaSlPEQUiPQd
to attempt to detect each of the targets. The conditions of this
experiment therefore did not allow the subject to adopt any internal
criteria of certainty on which he might base hisdeision of whether
to report what he thought to be the target position, or whether to
make no responseé, He was required to indicate what he considered to
be the most likely target position regardless of how uncertain he was,
In this way both correct and incorrect responses were maximised and
'don't know' responses eliminated, Had such responses been allowed,
the likely effect of reducing search time would have been to cause
the subject to alter his response eriteria rather than, as in the

present experiment, to force him to abandon it altogether,

The conditions under which the unpaced experiment was carried out
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should alsc be noted. Although the subjects were instructed to carry
out the detection task as quickly as possible, no direct means of motiv-
ation such as monetary rewards based on good performance were used, Had,
for instance, the subjects been pald according to speed and accuracy,
rather than a flat hourly rate, it is likely that performance under
unpaced conditions, in terms of the number of correct detections made in a
given time, would have been more closely comparable fo, if not better than,
that under the paced conditions studied in the present experiment,

'According to whether these incentive pa&ments favoured speed or
accuracy 1t would be expected that the cumulative probability curves would
be compressed towards shorter times and/or the ratio of correct to incorrect
responses would change, It was not possible to determine from the data
obtalned under paced conditions in the present experiment the form of the
cunulative detection probability curves for these conditions since the
subjects were asked to respond only at the end of the allotted search time
although in some cases the detection task might have been completed bhefore
this time had elapsed,

Had subjects been allowed to respond before the maximum time if they
wished and these shorter search times recorded, a series of cumulative
curves would have been obtained which could have been compared with that
for the unpaced condition, For this reason it would have been of interest
to have determined these data., Without such information it can only be
suggested that the cumulative curves for the paced conditions would ha&e
been similar in form but would have beéome increasingly steep as the
maximum search time allowed was reduced, The final level reached by each
curve would have corresponded to the overall levels determined in the
present experiment. Such data would alsc have allowed a more detailed
study of the relationship between paced and unpaced performance,

Ther¢ is no obviocus explanation of the relationship between paced
and unpaced performance found in the present experiment, as indicated by
the apparent constancy of the I values., No published work could be found

that reported similar findings. It would be of Interest to determine
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whether similar results could be gbtained from a more closely controlled
experimental situation, such as the recognition of complex forms against

a background containing easily confusable forms. Since this result was
obtained under static simulation conditions it is unlikely to be of direct
relevance to the dynamic high-speed, low-level targét recognition problem,
but it would also be of interest to determine whether analogous results could
be obtained in the dynamic situation, if cumulated acquisition probabilities
were plotted against range and compared with the corresponding acquisition
probabilities determined at varlous fixed ranges along the route. Such an
experiment would be of some relevance in connection with the use of ‘frozgn'
displays,

Analysis of the confidence level data obtained in this experiment showed
that, as would bhe expected, significantly lower degrees of confidence were
associated with responses made in shorter paced times, 'These differencesiwere,
however, relatively small, possibly because each subJject was only exposed to a
single time condition and adjusted his confidence scores accordingly. There
was no apparent interaction between range and search time in the confidenqe
level data and for each time condition the relationship between range and con-
fidence level was linear, These results are analogous to those found fop the
detection probability data., In general, no results of particular interest were
found from the analyses of the confidence level data in this experiment,
although they did indicate that subjects were to some extent aware of their
level of performance,

One point of interest was noted in the short analysis carried out on the
map-briefing time data. It was found that there ﬁas a significant trend of
increase in the mean time taken for map-briefing with decrease in the maximum
time allowed for searching the display, Although thils effect could be due to
differences between the three groups of subjects exposed to the different time
conditions, Tu’ TlO and T5, it could also be due to the subjects tending to
compensate for snorter search time by adopting a higher criterion of familiar-

ity with the ianformation shown on the map.
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APPENDIX T

This report includes a further anaslysis of the data previocusly
analysed in Experiment I. For convenience, a summary and a table of

the main results of this experiment are given below.

SUMMARY OF EXPERIMENT T

A static simulation technique was used in this target detection
experiment to investigate the effect of navigational uncertainty,
range to target and target difficulty on four measures of performance,
These were detection probablillty, search time, confidence level of
decisisn and map-briefing time. The experiment was based ona 7 x 7
(targets x conditions) Latin Square design. Seven skilled pilots
and navigators, and 21 students of comparsble ability, as assessed by
intelligence and personality tests, acted as subjects.

The results showed that none of the performance measures considered
were affected by navigational uncertainty. For skilled subjects
detection probabllity and search time were significantly related to
range. The relation was linear. As range increased from cne to
four miles detection probabllity decreased and search time increased.
There were significant differences between the targets for each
measure of performance. IWhen the targets were_ranked sccording to
each of these measures sigﬁificant assoclations were found between
the rankings. Targets which had high detection probabilities tended
to have short search times and high confidence levels assoclated with
them. The converse was also true.

The performance of skllled subjects was very similar to that of
the unskilled subjects, but the former took significantly less time
in map-briefing and in searching for the targets,

In the discussion sections the general sultability of the experi-
mental technique is assessed and the results considered in relation to

further work at present belng carried out.
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The basic Latic Square deéign used in this experiment is

ghown below,

Subjects (designated 1 - 7) are arranged in the

matrix so that each appears once in each row, and once in each

columm, This matrix was replicated three times for each of the’

main experimental conditions, and once for each of the subsidiary

ones, In each case presentations of particular target and range

cormbinations to & subject were randomly ordered.

Uncertainty 1 Uneertainty 2
Range—>»| 1 2 ° 3 1 2 3 4
1 7 2 5 4 3 1 6

T 3 2 5 4 3 1 6 7
g 13 5 L 3 1 6 7 2
g 14 3 1 6 7 2 5
';‘3-‘ 15 3 1 6 7 2 5 4
16 1 6 7 2 5 h >
17 6 7 2 5 4 3 1







