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SUMMARY 

This report describes the fourth in a series of experiments invest­

igating performance at a static ally 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 screen on which 'flat, white' electronic noise was 

superimposed. Four conditions of signal/noise 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/noise ratio and the four conditions of range. A more 

limited experiment was carried out with eight skilled subjects who were 

exposed to the four conditions of range but only two condi tions of signal/ 

noise ratio (14 and 24 dbs). 

The results showed that, for unskilled subjects, a decrease in 

signal/noise ratio resulted in a Significant deterioration 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, 1n particular, differences between large and small targets 

had a significant effect on all three performance measures. As would be 

expected, more favourable performance was associated 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 unskilled 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 FOR UNSKILLED stlBTECTS 

DETECTION PROBABILITY 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 secs. (30 dbs), to 4.8 (24 dbS). .There is a sig-

SIGNALjNOISE between sjN ratio and detection but show no consistent trend. nificant linear relationship 
RATIO probability is linear. Highly between confidence level and sjN 

(N) significant fall in detection ratio. Variation within sjN ratios 
probability between 24 and 19 dbs. is almost entirely due to the low 

value for the 14 dbs level. 
(33-37) (81-821 i (101-104 ) 

Significant effect (p<O.OOl) 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 mile~). Relationship (1 mile) to 12.7 secs. (4 miles). to 4.3 (4 miles). Relationship 

(R) between range and detection probab- Relationship between range and between range and confidence level 
l1ity 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. significant 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. 
BE'IWEEN cantly higher for the skilled 

SKILLED AND subjects. Overall mean for the 
UNSKILLED skilled subjects is 15.8 secs., as 
SUBJECTS. compared with 11.1 secs. for the 

unskilled subjects. 

NarE The numbers at the bottom right-hand corner of each cell are the numbers of the relevant pages of the report, 

... ... 



SUMMARY TABLE OF INI'ERAarION EFFECTS FOR UNSKILLED SUBJECTS 

·r· ----------r---------------------.---------------------~----------------------~ 

NxR 

HighlIow R 
SiN ratios x 

NxT 

N x Target size 

RxT 

R x Target size 

DEl'EarION PROBABILITY 

No significant interaction 

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

No significant interaction. 

Detection probability increases 
linearly with SiN 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 SiN ratio. 

(55-60) 

Significant interaction (p <0.001) 
i.e. the twelve targets arc differ­
ently affected by range. 

Detection probability decrcases 
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 
probablli ties are significantly 
lower for small targets at each 
range. 

(61-66 ) 

SEARCH TIME 

No significant intcraction 

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

No significant interaction 

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

(76) 

Significant interaction (p < 0.01) 
i.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
icantly from parallel. Search 
times are significantly lower for 
large targets at each range. 

(90-95 ) 

CONFIDENCE LEVEL 

No significant interaction 

No further analyses were carried 
out since in this case it was not 
appropriate to partition SiN 
ratios into high and low levels. 

(113) 

Significant interaction (p < 0.01) 
i.e. the twelve targets are differ­
ently affected by SiN rntio. 

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

(114-119) 

Significant interaction (p < O. :)()l) 
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. 
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 arc the numbers of the relevant pages of the report. 
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1. INrRODUCTION 

The detection and recognition of terrain features, either 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-dimensional 

cues. These cues are of importance in the interpretation of terrain 

structure and in the judgment of distance, both of which are of direct 

relevance to 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 eye as significant distance cues (Leonardo da Vinci, 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 it. All these factors are 
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liable to have a detrimental effect on performance and this may be 

accentuated if 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 terrain. In general,' 

therefore, performance levels will be lower especially under adverse con­

ditions such as in poor visibility, 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. Reducing 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 Snyder, 1965). 

In spite of the complexities involved teleVision 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, clearly, 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, is 

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 either unnecessarily high, or not high enough, for 
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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 belml the specified value through malfunctioning 

of the equipment or external interference. 

A large amount of work, both theoretical 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 quantitatively to situations in .:hich both 

the distribution of noise intensities and the distribution of signal + 

noise intensities are known. It is assumed that both these gi',e rise to 

levels of activity in the nervous system which are normally distributed 

with equal variances, It is then possible to derive a measure of signal 

detectability, d', 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 

distri butions. 

If the observer is presented ~~th a signal which he perceives as falling 

within this critical overlap region he must adopt a strategy in order to 

decide whether or not to re;:>ort a signaL This :otrategy will depend on 

whether he is more willing to make or.lisc:i.ve or comaiis3ive errors. On the 

basis of this he selects a criterion value, below which he rejccts the 

di.sturbance as noise and above which he accepts it a.s a signal. If' his 

cri terion value is such that most of the ovorlap region falls below it then 

he is relatively unlikely to make commisive 8rrors 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 comntissive errors and 

of omissive errorS are determined for a particular observer in a given 

si tuation it 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 in the present experiment. In this experiment visual 

noise originating in the television system appeared superimposed on the 

display. The noise was measured relative to the known peak white in the 

video signal and thus in this respect the Signal/noise ratio of the display 

system could be calculated. 

However, a different type of noise arises from the nature of the 

terrain itself, which forms a structured background for the target. In 

this back;round 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 give no indication of target position. These features 

consti tute useless and unwanted information and must therefore be regarded 

as noise although this 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 quantitative manner between the terrain features 

that can be regarded as signals and those which are unwanted noise. Further­

more, in no case is a display presented in which the target is 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 terrain, consisting partly of useful 

signals and partly of unwanted noise, and both target and background are 
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. dcgradAn. bY' -the v.1suAJ . .noj.sc a.rising in the tele~sion system. Studies 

of the effect of visual noise on the detection a~d recognition of target 

objects which, aB.in this case, cannot at present be completely specified 

in quantitative terms, as required by signal detection theory, must be 

based on experimental techniques. Reported work in tins field is largely 

concerned with the effect of visual noise or disturbance on the recognition 

of target patterns. 

Van de Geer and Levelt (1963), 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. It 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 were 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 represented e dist­

urbance of the pattern from its true form, rather than the superimposition 

of visual noise such as might occur in a television system. In another 

study (Coules, Duva and Ganem, 1960) it was also found that there was an 

interaction between noise and pattern form. Judgments of the complexity of 

20 irregular ehapes 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 being 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 al (1959) found that noise and distortion were more serious th~.n 

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 studied 

as a function of the number of target dots (ranging from 2 to 9) 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 number 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. Tn general it 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 ),1. 

Beyond that there was little improvement in recognition performance. 

The general conclusion that can be drawn from thcse, and other similar 

experiments, is that in a situation invol',-ing the recognition of target 

patterns against a uniform background, psrformance tends to deteriorate as, 

the amount of visual noise or disturbance on the display increases, However, 

it is not possible from experiments of this type to predict quanti tati vely 

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 i~ 

some cases be used to predict the performance of observers required to 

recognise target patterns appearing against a plain backgroth,d, for instance 
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on a radar screen, they ca~not be regarded as directly applicable to a 

situation in which the target appears against a background containing 

other objects. 

Erickson (1966) studied the recognition of a target pattern Ca 

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-target 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 

conditions, 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-movements. 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 it could be that this fixation 

frequency is disturbed by the 'slol1' noise which changed every 0.19 seconds. 

Thus the natural search patterns might be distorted with a resulting 

decrease in recognition rate. 

The background of non-target objects used in this study represents a 
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closer approach to the 'real' world than studi es involving only plain 

backgrounds. Nevertheless -there ls still a great gulf betwcen laboratory 

investigations of this 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 surrounding 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 

additbnal 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 noise has a more serious 

effect on target detection performance than degradation of 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. 

Relatively few reports are available which relate directly to the 

airborne 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 4-:),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 

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

and designate the target (~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. Tt 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 in s ignal/ 

noise ratio. The contrast, resolution and nois~ 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 the 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. 

(c) Decreased Signal/noise ratio was more serious under optimal conditions 

of contrast and resolution than under degraded conditions of contrest 

and resolution. 

(d) Correct responses were higher when viewing low altitude imagery with a 

high signal/noise ratio- and high resolution than .Then 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 

is 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, is 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 to 

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 is 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 is 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 

detection 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 suocessive elements of noise. 

It is likely that in this situation even a relatively low level of 

noise might make target detection 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 is difficult to predict 

the effect of visual noise on detection performance. However, it seems 

likely that to achieve a 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 aircraft speed and the way 

that this might interact with visual noise effects. In 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. 

en each case the simulation technique involved the use of static aerial 

photographs. Although there is some evidence to suggest that the results 

of static experiments, in terms of the probability of detection at a 

given range, are comparable with those found in flight trials, dynamic 

expe~iments would yield more reliable 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. Without dynamic studies it is 

not possible to predict quantitatively how aircraft 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 dynamically 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 noise effect was the main 

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) intended to investigate various parameters involved 

in the visual 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 noise. The present television experi­

ment enaDled comparisons to be made of detection performance under the 

two modes of presentation. The principal aim, however, was to provide 

detailed information 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: 

(i) Tb 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. 

(ii) Tb 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 photographic 

presentation. 

(iii) To analyse the differences in detection performance due to 

differences between the group of six small targets and the group 

of six large or conspicuous targets. In particular it was of 

interest to determine whether the two groups of targets were 

differently affected by the conditions of signal/noise ratio and 

range investigated. 

(iv) Tb compare the performance of unskilled subjects (students) with 

that of skilled subjects (pilots and navigators). Since only 

eight skilled subjects were available the separate experiment in 

which they took part was inevitably relatively limited in scope 

and only two signal/noise ratios (14 and 24 dbs) were investigated. 
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3. ElCPERIMENl'AL 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 out 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 

suitable 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 

Range 

4 levels 

4 levels 

14, 19, 24 and 30 dbs. 

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 previous 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 combinations to 

each subject was random1sed. 

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 not orthogonal with respect to the 

16 conditions of range and signal/noise ratio 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 Skilled subjects 

Since only eight skilled subjects were available this experiment 

was restricted to eight conditions, these consisting of combinations 

of the four range levels but only two levels of signal/nOise ratio, 14 

and 24 dbs. All twelve targets were 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 condftion 

three times and each signal/noise ratio six times. The order of the 

twelve presentations to each subject was random1sed. 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 given in Appendix 11. 
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4. DISPLAY AND RECORDING APPARATUS 

The display and recording apparatus used in previous experiments 

·was considerably modified for use in the present experiment. The aim 

of this modification was to interpose a television viewing system between 

the observer and the photographic display i.e. instead of looking 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 essentially 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 magnetically mounted on a metal slide at the 

back of the display box, 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 picture was displayed on a mOnitor with the addition 

of appropriate amounts of 'flat, white' electronic noise. This noise, 

of bandwidth 5mc, was derived from a B.B.C. noise generator and added into 

the video sign~. via an attenuator. The circuit impedences were checked 

to be 75 -'"'- to ensure the validity of the calibration of the generator. 

This was calibrated to deliver 1 mW of noise (5mc) into 75JL. The signal! 

noise 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 

circuitry 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 either the display or the camera was necessary for 

each target presentation. The equipment used for generation, attenuation 

and calibration of the electronic noise 1s shown in Figure 4.0.3. 
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The ~n television monitor had a 4 : 3 aspect ratio and measured 

approximately 5i"-x 4". 
o 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 displ",y box was 

set up alongside the television display as shown in Figure 4.0.4. A 

diagrammatic representation of the television circuit is 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 viewing tunnel 

where they could be conveniently reached by the seated subject. 

Although oonsiderable 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 direct view, of an 

aerial photograph. The method of operating the apparatus 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 'stop 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 point 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 photograp~ To prevent the subject 

from gaining prior knowledGe of the sjN ratio he ~ms subsequently to be 

exposed to the attenuator ,was not reset until after l1e had completed 

the map-briefing task in each cycle. 
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FIGURE 4.0.1 
General view of experimental area. 
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FIGURE 4.0.3 
Equipment used for calibration, 
generation and attenuation of 
electronic noise. 
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FIGURE 4.0.4 
Television monitor seen through the 
viewing tunnel with the map display 
mounted beside it. 



FIGURE 4.0.5 

Diagrammatic representation of television circuit 
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5. EXPERIMENTAL MATERIALS 

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: buildings, bridges, stations, etc. in 

Southern England. These brought the total number of targets available 

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,ry.)O ft. with a camera 

o 0 
field of view of 50 x 50. For display purposes these photographs were 

masked so that only a central portion 4.8" (horizontally) and 3.6" (vertically) 

o 10 was shown representing a camera field of 30 x 222. In each ~ase the 

horizon appeared i-" below the top of the displayed portion, the depression 

angle of the camera being 100. 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 6i-" x 6i-" sections, one for each target, of the 

1" = 1 mile Ordnance Survey map, Sheet 169. Each map showed the target 

posi tion and surrounding terrain. In addition a rectangle 4" x ~" was 

marked along the approach route. This represented the limits of the 

+ simulated uncertainty in the aircraft position corresponding to the 2 

mile condition of navigational uncertainty in range and ! i- mile in off-set. 

This was associated with a nominal range to target of 2 miles. 
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6. EXPERTMEl,TAL PROCEWRE 

The training and test procedures used in this €>xperiment >:ere 

adapted to suit the television display mode but were o·~herwi3e very 

similar to those described in detail for Kxperiment I. A brief 

description is given 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 main 
, 

experimental session. In addition each subject was given an individual 

test of memory (forward and reverse digit-span). These three tests took 

approximately l~ hours altogether. 

The experimental session was oarried out indi yj.dually and took 

approximately 2 hours. Subjects were first given some practice in map 

re~ding, with particular reference to ground features of importance 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 

+ + 1 corresponded to a navigational uncertainty of 2 miles in ranee fu~d - 4 

mile in off-set, an al ti tude of 2,000 ft. and a camera fiGld of view of 30
0

• 

The subject was shown a series of three sample maps and the.corresponding 

sets of photographs and asked to identify the conspicuous features and 

the target in each. He was then shown how to operate the display 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 different noise condition but, after he had detected 

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

targets the subject was able to become familiar with each nolse condition. 

Four targets were then presented for further practice, one at each range 

~d one at each noise level. In these and subsequent presentations no 

~nowledge of results was given and each target was presented under a single 

noise condition. 

The final test run consisted of twelve targets presented under 

randomly ordered conditions of range and noise, according to the experi­

mental schedule (see Appendix II). In each case the subject was required 

to study the map section on which the target and the limits of the aircraft's 

possible position were marked, and then turn to the television display, 

whi·ch appeared on the screen when he pUGhed the 'start' button, and 

locate the target as rapidly as possible. He then indicated his confidence 

in the 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. 

Thus, for each presentation four measures of the subject's performance were 

obt~ined, (a) whether or not the target 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 lunnecessary 

for skilled aircrew. 

(b) Since the experimental design for the skilled subjects involved only 

t>lO levels of SiN 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. EXPERIMENrAL 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 detail 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 reasonable 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 attempt 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 tmskilled 3ubjects is shown in 

Table 7.1.1 and those from the skilled subjec"Es 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 0.44 and the 

corresponding value for unskilled subjects was 0.46. The overall value 

for the unskilled subjects, relating to all four noise levels, was 0.47. 

It can be seen in Tables 7.1.1 and 7.1.2 that the values in the 

matrix are restricted to 0, indicatinG an inco~rect detection, or I, 

which represents a correct detection. The data were thus not entirely 

suitable for analysis by conventional techniques. In 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, 

Legit analysis. This is considered in a later section. For skilled 

subjects not enough data were available to make this further analysis 

worthwhile. 

The analysis of variance on the data from unskilled subjects is 

shown in Table 7.1.3. It can be seen that the three main factors tested, 

sIN 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 ~ignificant, but the 

effect of noise Just fails to reach the 5% signific~~ce level. However, 

this result is not surprising in view of the fact that in this case 

only two sIN ratios were tested. Thus in Table 7.1.4 there is only one 

degree of freedom associated with this factor, which, together wi th 

the limited number of subjects used, could account for the low signif­

icance of the effect. 

In the following sections 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 detailed 

analyses (shown in Sections 7.1.4 - 7.1.7) were thought to be worth­

while in view of the interest of the results obtained. These analyses 

were not carried out for skilled subjects owing to the relatively 

small amount of data available. 



TABLE 7.1.1 

Correct and incorrect identifications by unskilJ.ed subjects 

! I TARGETS 

Ranges I sjN 
ratio 3 14 17 16 15 13 1 20 10 6 5 9 (miles) I 
(d!?~ __ I 

I 
14 

1 1 0 1 0 0 0 1 1 0 0 1 
0 1 1 0 0 0 0 0 1 0 0 1 

I 
19 

1 1 1 1 1 0 0 1 1 0 0 1 
I 1 1 1 1 0 1 0 0 1 0 0 1 

I 1 
i , 

I 
1 1 1 1 1 0 0 1 1 0 1 1 I 

24 I 
1 1 1 1 1 0 0 1 1 0 0 1 I 

I 
I 

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 
--, 

I I 14 
1 1 0 1 0 0 0 0 0 0 0 1 
1 1 0 1 0 0 1 1 0 0 1 1 

I 
I 

1 1 0 1 0 1 0 0 0 
19 

0 0 0 
1 0 1 1 1 0 0 1 0 0 1 0 

I 2 

24 
1 1 0 1 0 0 0 1 0 0 1 1 
1 1 0 1 0 0 1 1 1 0 0 1 

30 I 
1 1 0 1 0 1 1 1 0 0 1 1 

I 1 0 0 0 0 1 0 1 1 0 1 1 

14 
0 1 0 1 1 0 0 0 0 1 0 1 
0 1 0 0 1 0 0 0 0 0 0 1 

19 
0 1 0 0 1 0 0 1 1 0 0 1 
1 1 0 0 0 0 0 0 0 0 0 0 

3 

24 

I 
1 1 1 0 0 1 0 1 0 0 0 1 
1 1 0 0 0 0 0 1 0 0 0 1 

30 
1 1 1 1 0 0 0 0 0 0 0 1 
1 1 0 1 1 0 0 1 0 1 0 1 , - .• 

14 
1 1 0 1 0 0 0 1 0 0 0 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 0 0 0 0 0 1 

4 

I 24 1 0 0 0 0 0 0 1 0 0 1 1 
1 0 0 1 1 0 0 1 1 1 1 1 

30 I 
1 0 0 1 0 1 0 0 0 0 0 1 
1 1 1 1 1 1 0 0 0 0 0 1 

: 
1 = correct identification o = incorrect identification 
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TABLE 7.1.2 

Correct and incorrect identifications by skilled sub.jects 

, 
'£ A R GET S 

Range siN 
ratio 3 14 17 16 15 13 1 20 10 6 5 9 (miles) 
(dbs) 

14 
I 

0 1 0 1 0 1 0 1 1 0 0 1 

1 

24 1 1 1 1 1 1 0 1 1 0 0 1 

14 1 1 0 1 0 0 0 1 0 0 1 0 

2 

24 1 1 1 1 0 1 1 1 1 0 0 1 

I 
14 0 1 0 1 0 0 0 1 0 0 0 0 

3 

I 24 0 1 0 0 0 0 0 0 0 0 0 1 

14 0 1 0 1 0 0 0 0 0 0 0 1 

4 

24 1 0 0 0 1 0 1 0 0 0 1 1 

1 = correct identification 

o = incorrect identification 
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Analysis of variance on detection probability data for 
. unskilled subjects shown in Tabl~ 7.1.1 

I 
1 Source D.F. S.S. M.S. V.R. Significance 

StY ratio (N) 3 2.68 0.89 5.93(b) p <0.001 

Ranges (R) 3 3.55 1.18 7.87(b) p<O.OOl 

1'ar~ets (T) 11 25.05 2.28 15. 20(b) p<O.OOl 

NxR 9 0.93 0.10 - (b) N.S. 

NxT 33 5.51 0.17 1.13(b) N.S. 

RxT 33 13.64 0.41 2.73(b) P <: 0.001 

I I 
I 

NxRxT 99 16.14 0.16 1.07(a) I N.S. 

Residual 192 28.00 0.15(a 

Pooled residual 
(Residual + 291 44.14 0.15(b 
R x N x T) 

I 1383 I I 
I 

TOTAL 95.49 I i I 
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TABLE 7.1.4 

Analysis of variance on the data for skilled subjects sho.m in Table 7.1.2 

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

sIN ratio (N) 1 0.67 0.67 3.82(b) (p <0.10) 

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 

I 
N x R 3 0.58 0.19 1.08(a) N.S. 

N x T 11 2.83 0.26 1. 44(a) N.S. 

RxT 33 4.62 0.14 - (a) N.S. 
; 
! 

ReSidual 33 5.92 O.l8(a) 

Pooled residual 80 13.96 0.17(b) 
(Residual + 
N x R, 
N x T, 
R x T) 

I 

I 
'IDTAL 

1
95 I 23.62 I I , I I 



7.1.1. The effect of SiN ratio on detection probability 

The overall mean detection probabilities for each SiN ratio are 

shown in Table 7.1.5. 

TABLE 7.1.5. 

Mean detection probability for each SIN ratio 

sIN ratio (dbs) 

14 ·19 24 30 

Unskilled 0.38 0.39 0.54 0.55 subjects 

Skilled 0.36 0.53 6ubjects - -

It is clear from this table that the values relating to skilled 

subjects agree closely with the corresponding values for the unskilled 

subjects and in each case detection probability decreases with decreasing 

SiN ratiO. For the unskilled sub,jects 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 7.1.6. 

TABLE 7.1.6 

Differences between detection probability means at each SIN ratio 

S0 ratio 
(dbs) 14 19 24 30 

** ** 14 - 0.01 0.16 0.17 

** ** 19 0.15 0.10 

24 0.01 

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

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

differences in detection probability between the two higher SiN ratios 
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(24 and 30 dbs) and between the two lower sIN ratios (14 and 19 dbs) 

are extremely small. The difference between the two values obtained 

for skilled subjects, relating to the 14 and 24 dbs levels, is 

significant at the 5% level, on a one-tail test. 

Table 7.1.7 shows the total variation due to sIN ratios partitioned 

into three components: 

(i) Variation arising from differences between the high sjN ratios 

(24 and 30 dbs) and the low sIN ratios (14 and 19 dbs). 

(ii) Variation arising from differences within the two high sIN ratios. 

(Hi) Variation arising from differences within the two low sjN ratios. 

TABLE 7.1.7 

Partition of sIN ratio variation 

I i 

I 
I I Source D.F. 

1 
S.S. I. M.S. V.R. i Significance 

I I 
I sIN RATIa3* 3 

I 
2.68 

I 
0.89 5.93 p <.O.(Xll 

! 
; 

I 
I i 

Between high I 

SIN ratios and 1 2.67 2.67 17.79 p <0.001 
low SIN ratios 

Within high 

I 

I 
sIN ratios 

1 0.005 0.005 - N.S. 

Within low 1 0.005 0.005 N.S. sIN ratios I -
! ! 1 I 

I i 
I I 

I 

I 
t , 

RFSlDUAL* I 291 I 44.14 0.15 ! ! J 
* Values taken from analysis of variance shown in Table 7.1.3 

This analysis shows clearly that almost the whole of the variation 

in detection probability due to sIN ratio is accounted for by the 

highly Significant variation between the high sIN ratios and the low 

sIN ratios. Variation within high and low sIN ratios is negligible. 

The effect of range on detection probability under conditions of high 

and low sIN ratio is oonsidered in Section 7.1.4. 
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These results confirm that in this experiment the deterioration 

in qetection probability takes place almost entirely between the 19 
, 

and 24 dbs levels. Since no readings relating to sIN ratios between 

those two values are available, it is not possible to define the exact 

relationship between detection probability and sIN ratio in this region. 

However, a regression analysis carried out on the data for all four sIN 
ratios (unskilled subjects only) suggests that the relationship between 

detection probability and sIN 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 sIN ratio variation 

Source I D.F. I s.S. M.S. V.R. Significance , 

I 

, 

I sIN I I I I , 
RATIOS* 3 2.68 0.89 . I 5,93 I p <0.001 I , 

I I I ! 1 
I 

, 
I 

, , 
I I i I I 

! Linear regression I 1 2.23 i 2.23 
1

14
•
86 p ":0.001 

i ! , 

I , 
I Deviation about 2 I 0.45 0.23 N.S. linear regression , I 1.53 

~ , 

1 
I I 

RESIWAL* 291 44.14 I 0.15 I ! 
-.J 

* Values taken from analysis of variance shown in Table 7.1.3 

As can be seen in Table 7.1.8 a large proportion of the variation 

due to sIN ratios is accounted for by linear reGression. The regression 

line is shown in Figure 7.1.1, together >1i th 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 regression line. 

Tae remaining variation due to sIN ratios is accounted for by 

deviation about the linear regression. This deviation is not statist-

ically signj,ficant. 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.· 

Detection 
probablli ty. 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

Equation of regression line: 

Y = 0.183 + 0.013 X 

L" ,L----r--------------~~--~----------,_------------------~ 
14 19 24 

• Unskilled subjects • 

• Skilled subjects. 

NOTE The regression line is based only on the values relating to 
unskilled subjects. 

30 sjN ratio 
(dbs) 
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from the Logit analysis of these data, (Section 7.1.8). This analysis 

showed that the linear effect of sIN 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 sIN 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 

associated with the 30 dbs S~I 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 sIN ratio above 30 dbs would be unlikely to result in a sig-

nificant improvement in detection probability. There was also no significant 

difference in detection probability between the 24 dbs SIN ratio display and 

the photographic display. This indicates that, in spite of the apparent 

linearity of the data within the 14 - 30 dbs range of sIN 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 SIN ratio 

were increased. However, it is not feaSible to investigate this possibility 

further wi thout obtaining additional data in the 14 - 30 dbs range and for 

higher sIN 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 SIN ratio. 

(b) Within the 14 - 30 dbs range of sIN ratios investigated there is no 
evidence that the relationShip between detection probability and SIN 
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 in 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 detection probablE tx 

The analysis of variance sho~n 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 7.1.9 

shows the mean detection probabilities for each range and for each 

group of subjects. Since the skilled group were only exposed to sIN 

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 probabilities for each range 

I 
, I 

Range (miles) I \ , 
I 

t 
N* 

i 1 ! 2 ! 3 4 

I 
10.60 I 

, 
i 

0.36 1 I Unskilled subjects 0.50 I 0.39 I 96 
I I I 

! 

i Unskilled subjects 

I 
I I I (sIN ratics 14 and 0.56 0.50 I 0.38 0.39 48 I I ! 24 dbs only) , 
I l i ! : I 

I i I I Skilled subjects ! 0.63 I 0.59 0.21 i 0.34 24 j ! I I ! 

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

For the unskilled subjeots 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-

ability is lower than would be expected. How~ver, these values are 

based on only one quarter as many readings as those for skilled 

subjects and are therefore likely to be less reliable. Differences 

in detection probabilities for skilled subjects and unskilled subjects 

(sIN 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-te~ts since previous work had 

indicated that, as would be expected, detection probability decreases 

with increasing range. 

TABLE 7.1.10 

Significance of differences between range means 

F.f>llge 
(miles) 

1 

2 

3 

I' 
,I 

11 

Unskilled subjects j! 
d 

1 1 

I I I 

1
0.10* 0.21** 0.24** I -

- 0.11* 10.14** I I ' 
, i - 10. 03 11 

* Significant at 5% level 

Skilled subjects 

I 

I 
2 I 3 4 

! 0.04 10.42** 0.29** 

1

1 - 1°.38** 0.25* 

1 - 1-0 • 13 
I , 

** 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 probabil1 ties. Single mile differences result in non-slgnificant 

or less significant detection probability differences. Similar results 

are found for the skilled subjects although these are slightly 

distorted by the apparently anomalous value for the 3 mile range. 

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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TABLE 7.1.11 

Regression analysis of range variation 

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

RANGE* 
I 

1.18 7.87 E < 0.001 3 3.55 , 
I 

Linear 
regression 1 3.33 3.33 22.27 E > 0.001 

DeViation about 
linear regress- 2 0.22 0.11 - N.S. 
ion 

* 44.14 I 0.15 RESIDUAL 291 i , 

* Values taken from analysis of variance Table 7.1.3 

It can be seen from this analysis that the linear regression of 

detection probability on range is highly significant. Deviation about 

this linear regression is non-significant. 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 associated 95% confidence limits 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 be 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 1. 
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FIGURE 7.1.2 

The effect of range on detection probability. 

Equation of regression line: 

Y = 0.672 - 0.083 X 

1 2 3 4 Range 
(miles) 

NOTE The regression line and detection probability values shown relate only 
to unskilled subjects. 
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TABLE 7.1.12 

Mean detection probabilities at each range under conditions 
of photographic and television presentation 

Range (miles) 
N 

1 2 3 

Photographic 
presentation 0.74 0.62 0.53 42 

'Television 0.61 0.50 0.41 56 
presentation 

Differences 0.13* 0.12* 0.12* 

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

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

Overall 
mean 

0.63 

0.51 

0.12*" 

It can be seen in Table 7.1.12 that, both overall and at each range, 

television presentation resulted in significantly lower detection prob-

abilities than photographic presentation. The mean value of 0.51 relat-

1ng to television presentation could be divided into two further values. 

The first, 0.56, related to high Signal/noise 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 7.1.3 shows the mean detection probability values for 

each type of presentation and the corresponding regression lines. The 

values relating to television presentation have been averaged over all 

sIN ratios and the regression line, although based on data for only 

three ranges and seven targets, is similar 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 photographic 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. 
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FIGURE 7. 1. 3 

A comparison of the effect of range on detection probability under 

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

1 

Equations of the regression lines: 

(a) Y = 0.841 - 0.107 X 

(b) y'= 0.702 - '0.098 X 

(a) 

(b) 

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. 'rhese values 

relate only to unskilled subjects. 

TABlE 7.1.13 

Mean detection probabilities for targets 

Target Mean detection Ranking 
probabili ty 

9 0.84 1 
3 0.78 2 

14 0.75 3 
16 0.72 4 
20 0.63 5 
10 0.38 ~ 
15 0.38 6! 
17 0.34 8 

5 0.31 9 
13 0.22 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. sjN 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 sjN 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 subj ects and compared with the target 

mean detection 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. 



Furthermore, 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 unskilled 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 t~~ee 

groups. In general, although there is slight overlap, differences in 

detection probabilities within each group are non-significant but dif-

ferences between groups are significru,t at the 5% or 1% levels, as shown 

diagrClmmatically in Figure 7.1. 4. 

TABLE 7.1.14 

Differences between detection probability means for targets. 

I TARGETS \ 9 3 14 16 20 10 15 17 5 13 1 6 

9 I .06 .09 .12 .21 .46 .46 .50 :..53 .62 .71 :7.~ -- --
3 .03 .06 .15 .40 .40 .44 .47 .56 .:65 .69 

=-= -- -
14 .03 .12 .37 :2..7. .41 .44 .53 .62 .66 -- -- -- -.-
16 .09 .34 .34 .38 .41 .50 .59 .63 

= =---= --
20 .25 .25 .29 ~32 .41 .50 .'.)4 

- -- --
10 .00 .04 .07 .16 .25 .29 

15 .04 .07 .16 .25 .29 

17 .03 .12 .21 .25 

5 .09 .18 .22 

13 .09 .13 

1 .04 

6 

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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FIGURE 7.1.4 

Mean detection probabilities for the twelve targets. 

Detection 
)robablli ty. 
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0.2 
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9 3 14 16 20 10 15 17 5 13 1 6 Targets 

NOTE The different types of shading indicate statistically significant 
differences between the detection probabilities for the targets. 
A combination of shadings (Target 13) indicates that the target 
is not Significantly different from those shaded with either of 
the single shadings. 
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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 in Experiment I and those extracted from 

the present experiment, are shown in Table 7.1.15. All data relate to 

unskilled subjects. 

TABLE 7.1.15 

Target detection probabilities under conditions 
of photOgraphic and television presentation 

TARGE'IS 

\ 
! I 14 16 3 17 13 I 15 

I \ I 
Photographic I 

1.00 0.94 0.67 0.67 0.50 0.33 presentation I 
(Experiment I) 

I 
, , 

I 0.38 
Television 0.92 0.67 0.79 0.42 0.17 presentation 

1 

0.28 

0.17 

I I 

0.33*~-O.05 I 0.11 Differences 0.08 0.27*1 -0.12 
I 

I I 0.25* 

Overall 
mean 

0.63 

0.50 

I 0.13** 

* Significant at 5% level ** Significant at 1% level 

It can be seen in Table 7.1.15 that the differ~nce between overall 

mean detection probabilities for photographic and television presentation 

is highly significant, the television display being associated with lower 

detection probabilities. However, only three individual targets are 

significantly affected. For the remaining four targets television present-

ation and photographic presentation do not give rise to sign1ficantl~ 

different detection probabilities. There is no obvious explanation as to 

why these three particular targets should be Significantly affected and 

the othe$apparently not affected. 
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The analysis of variance 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 

is reasonable in view of the wide differences between the twelve targets 

studied and particularly the differences in target size. ~ris parameter 

was chosen as an appropriate basis for dividing targets into ~'o 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 conspicuous 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 III. 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 unskilled subjects 

shown 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, 

(i.e. that due to target size) 

(b) Variation within small targets 

(c) Variation within large targets 



!!IBLE 7.1. 16 

Partition of target variation 

Source D.F. I S.S. ! M.S. V.R. Significance 

TJ\RGETS* 
1 

11 ! 25.05 2.28 15.20 I p <" 0.001 

Target size 1 18.38 18.38 122.53 p <:: 0.001 

Within small 
5 2.21 0.44 2.93 p <" 0.025 targets 

Wi thin laI·se 
5 4.46 0.89 5.93 p <: 0.001 

tarsets 

RESIDUAL* I 291 I 44.14 I 0.15 I 
* Values taken from analysis of variance shown in Table 7.1.3. 

It can be seen in Table 7.1.16 that the variation arising from the 

highly zignificant effect due to target size accounts for a high proportion 

of the total variation due to targets. The remaining 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 oot 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 it was of interest 

to consider the effect of sIN 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. SIN ratio x range interaetion 

The analysis of variance shown in Table 7.1.3 on the detection 

probability data for unskilled subjects indicates that there is no 

significant interaction between range and signal/itoise ratio, 1. 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 is shown in 

Table 7.1.17. 

TABLE 7.1.17 

Regression analysis of N x R interaction 

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

N x R* 9 0.93 0.10 - I N.S. 

Linear regression 1 0.54 0.54 3.60 (p < 0.10) 

Deviation 8 0.39 0.05 - N.S. 

RESIWAL* I 291 I 44.14 0.15 I 
* 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 tIle different s/N ratios are differently affected by range. The 

deviation of the mean values about the regression lines is non-significant. 

Since the variation due to difference between the two high s/N ratios 

(30 and 24 dbs) and the two low s/N ratios (19 and 14 dbs) accounted for 

almost the whole of the total variation due to sIN ratios (see Table 

7.1. 7) it was of interest to determine whether these t~IO levels were 

differently affected by range. The mean detection probabilities for 

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

TABJ.E 7.1. 18 

Mean detection probabilities for ranges under 
conditions of high and low SIN ratio 

I Range (miles) 

1 2 3 4 
, 

High sjN 
ratios 0.69 0.56 0.46 0.48 
(30 Il: 24 dbs) 

Low sjN ratios 
0.52 0.44 0.31 0.25 (19 Il: 14 dbs) 

Differences 0;17* 0.12 0.15* 0.23** I , 

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

Number of 
readings on 
which each 
value is 
based 

48 

48 

The differences between detection probabilities under the high and 

low sjN ratio levels were significant at each range except for 2 miles 

which just failed to reach the 5% level. 

To determine whether there was any interaction between high and low 

sjN 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. S.S. M.S. V.R. Significance 

Nx R* 9 0.93 0.10 - N.S. 

R x (between 
high and low 3 0.15 0.C5 - I N.S. 
sjN ratios) 

I 

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

N x R (within 
3 0.14 O.O~ N.S. high sjN ratios) -

RESIDUAL* 291 44.14 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 sIN ratio and range, either within 

low sIN levels or within high sIN levels, and also that there was no 

interaction between high and low sIN levels and range. Further analysis 

showed that the linear regression component of this last factor was also 

non-significant. It was clear therefore that there was no difference 

between the effect of range on detection performance under conditions of 

high sIN ratio and low sIN ratio. Thus the two regression lines shown 

in Figure 7.1.5, which illustrates graphically the data given in Table 

7.1.18, do not deviate significantly from parallel. lheae 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. 

I 

TABLE 7.1.20 

Linear re ression and deviation components of 
r e variation under conditions of high and low S ratio. 

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

Range (within 
3 2.14 0.71 4.73 p < 0.01 

low sIN ratios) 

Linear re~ression 1 2.11 2.11 14.07 I p < 00001 

Deviation 2 0.03 0.02 - I N.S. 
-

Ra~ (within 
nigh sIN ratios) 3 1.56 I 0.52 3.47 p < 0.<2.5 

Linear regression I 1 1.28 1.28 8.53 p< 0.01 

Deviation I 2 0.28 0.14 - N.S. , -

I I , 

I 
, 
I 

RESIOOAL* 291 I 44.14 I 0.15 I 
, I 

* This value has been taken from the analysis of variance on the 
complete data shown in ~dble 7.1.3. The residual mean square 
values from the two separate analyses (high sIN levels and low 
sIN levels) were not significantly different and therefore it 
was appropriate to use the overall value sho.m. 

, 
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FIGURE 7.1. 5 

The effect of range on detection probability for 

(a) high SiN ratios and (b) low SIN ratios. 

• 

Equations of the regression lines: 

(a) Y = 0.730 - 0.073 X 

(b) Y = 0.615 - 0.094 X 

• 

Ca) 

• 
(b) 

I 

1 2 3 4 Range 
(miles) 

NOTE The broken line is the regression line relating to all SiN ratios. 

The 95% confidence limits of the mean values shown are ~ 0.11 

~i 
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For both high sIN and low sjN 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 sIN ratios than for the low sIN ratios, i.e. there is 

greater deviation of the mean values about the regression line for high 

sjN 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 7.1.5 are thRt: 

(a) Detection probability decreases linearly with increasing range 

under both high and low sIN conditions. 

(b) The two regression lines for detection probability on range under 

high and low sjN conditions, ~re not significantly different in 

gradient. 

(c) Detection probabilities are significantly lower at each range 

(except 2 miles) under conditions of low sjN than under conditions 

of high sjN, the mean decrement being 0.17. 
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7.1.5 sIN ratio x targets interaction 

The interaction between sIN 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 sIN ratios. The partition 

of the total variation due to the N x T interaction into linear 

regression and deviation components is shown in Table 7.1.21. 

TABLE 7.1.21 

Regression analysis of N x T interaction 

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

N x 1'* 33 5.51 0.17 1.13 I N.S. 

Linear regression 1 1.17 1.17 7.80 p < 0.01 

Deviation 32 4.34 0.14 I - N.S. 
I 

RESIWAL* 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 SiN ratio 

for each of the twelve targets are significantly non-parallel, i.e. that 

there is a significant interaction between the twelve regression lines. 

The deviation 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 sIN ratio, i.e. the twelve mean values for each S~I ratiO, 

which relate to the overall N x T interaction, have been reduced to two 

values for each sIN ratio, representing means for the six large targets 

and the six small targets. 
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TABLE 7.1.22 

Mean detection probabilities for small and large 
targets at each SIN ratio 

s,M ratio (dbs) 
Number of 
readings on 

,,' 

i I which each , 
14 19 24 30 value is 

baned 

Large targets 0.61 0.59 0.81 0.73 48 
(6) 

I 
I 

, 
Small targets 0.15 

I 
0.19 0.27 0.37 48 

(6) 
I 

Differences i 0.46**1 0.40**1 0.54** I 0.36**1 

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

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

abilities for large and small targets are highly significant at each 

s,M ratio level. To determine whether there was any interaction 

between s,M ratio and target size the total variation due to the over-

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 I D.F. I S.S. I M.S. I V.R. I Significance I 
N x 'l'* I 33 5.51 0.17 1.13 N.S. 

N x Target 
3 0.48 0.16 1.07 N.S. Size 

I 
, 

N x T (within 15 1.68 0.11 N .. S. small targets) -
i 

N x T (wUhin 15 3.35 0.22 1.47 N.S. large targets) 

RESIDUAL* I 291 I 44.14 I 0.15 I I I ; 

* 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 sIN 

ratios and targets within either the small target or the large target 

groups and also that there was no interaction between sIN ratio and 

target size, i.e. no N x I between small and large targets I 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 sIN ratio on large targets and on small 

targets. Thus, the two regression lines shown in Figure 7.1.6, which 

illustrates graphically the data given in Table 7.1.22, do not deviate 

significantly 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 sIN 

ratio variation in each case are shown in Table 7.1.24. 



-58-

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 

1.0 

0.8 
(a) 

0.6 

0.4 --------
---

-- (b) 

0.2 

0.0 ,~I-------r--------------'---------------'-------------------r 

14 19 24 30 sIN ratio 
(dbs) 

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 SIN ratio 
variation for small and large targets 

Source D.F. s.s. i M.S. I V.H. Significance 

s/N 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 

Deviation 2 0.03 0.02 - N.S. , 

sIN ratio I (within large 3 1.68 0.56 3.73 2 < 0.02~ 
targets) 

Linear 1 0.82 0.82 5.47 p<0.025 regression 

Deviation 2 0.86 0.43 2.87 N.S. 

I I i I I RESIIDAL* 1291 I 44.14 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. 

For both large and small targets it can be seen that detection 

performance is significantly affected by s/N ratio. 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 7.1.24 and graphically in Figure 7.1.~ 

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~ ratio and target size. 

(c) Detection probabilities are significantly lower for small 

targets than for large targets at each level of S~ 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 regression 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. S.S. M.S. V.R. Significance 

R x 'l'* 33 13.63 0.41 2.73 p <: 0.001 

Linear 1 4.63 4.63 30.86 p<" 0.001 rel;1;ression 

Deviation 32 9.00 0.28 1.87 p< 0.01 

RESIWAL* I 291 I 44.14 I 0.15 I I I 

* 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, i.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 is 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 probabilities at 

each range for large targets and small targets. 
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TABLE 7.1. 26 

Mean detection probabilities for large and small 
targets at each range 

,----_ .. _--_._. 

I 
Range (miles) N 

I I I 
'0. 

1 2 3 4 
I ~o 

Large targets I 0.87 0.75 0.58 ! 0.52 I 48 

targets I 0.33 

, 
I 

Small 0.25 0.19 0.20 I 48 

Differences I 0.54** ! 0.50** I 0.39** 0.32** I , 

N = Number of readings ori 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 increasing 

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 uas partitioned 

into three components as shown in Table 7.1.27. 

TABLE 7.1.27 

Partition of R x T interaction 

I I 

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

Rx T* I 33 13.63 0.41 2.73 p < O.OOJ,. 

Rx 
size 

Target 3 0.77 0.26 1.73 N .S. 

RxT 
(within small 15 6.30 0.42 2.80 p<O.OOl 
targets) 

~.-

R x T I I 

(within large I 15 6.56 0.44 2.93 p< 0.001 
targets) 

I 

RESIIXJAL* I 291 I 44.14 I 0.15 I I , 
* Values taken from analysis of variance shown in Table 7.1.3. 
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It can be seen in this table that the R x T interaction is 

significant within both sm:.lll targets and large targets, 1. 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 into 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 Target size interaction 

Source D.F. S.S. I M;S. V.R. Significance 

R x Target 
3 

I 0.77 0.26 1.73 N.S. size I 
Linear 1 0.75 0.75 5.00 regression p< 0,05 

, 
Deviation 2 0.02 0.01 - I N.S. 

I 
, 

I I I I RESIWAL* 291 I 44.14 0.15 I , 

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

The significance of the linear regression component of the 

R x Target size interaction indicates that large and small targets are 

differently affected by increasing range. It can be seen in Figure 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 probability 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 ra~e 
variation for small and large target'? 

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

Range 
(within small 3 0.60 0.20 1.33 N.S. 
targets) 

I 

Linear I 
regression 1 0146 0.46 3.07 p < 0.10 

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.i4 p < 0.001 regression 

Deviation 2 I 0.10 0.05 - N.S. 

-

199 I I 
, I 

RESIDUAL* I 44.14 I 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 

I , 

this factor fails to reach the 5% significance le-reI. 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. 

--------

Equations of the regression lines: 

(a) Y = 0.989 - 0.123 X 

(b) y'= 0.354 - 0.044 X 

--------------
(a) 

(b) 

1 2 3 4 Range 
(miles) 

NOTE The broken line is the regression line relating to all targets. 
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The ov"rall conclusIons which can be drawn f'rom thi.,; analysis of 

the effect of range on detection probability for small and large 

targets are: 

(a) 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. 

(b) The regression lines of detection probability on range for 

large targets and for small targets have significantly different 

gradients and tend to converge towards longer ranges. 

(c) Detection probabilities are significantly lower for small 

targets than for large targets at each range. 
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7.1.7 SIN ratios x ranges x targets interaction 

The variation due to triple interaction between ranges, S/~ ratios 

and targets is not significant in the analysis of variance on the data 

for unskilled subjects shown in Table 7.1.3. However, when this varia-

tion is partitioned into U.near regression and deviation components the 

linear component is highly significant as shown in Table 7.1.30. 

TABLE 7.1.30 

Regression analysis of N x R x T interaction 

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

NxRx T 99 16.14 I 0.16 I 1.07 N.S. 

Linear 

I 1 5.25 5.25 35.00 p <: 0.001 
regression 

Deviation 98 10.89 0.11 - N.S. I 
RESIWAL 291 I 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 sjN ratio, i.e. that the regression lines of 

detection probability on range plotted separately for each target and 

SIN ratio (48 lines altogether) are Significantly non-parallel. However, 

the deviation of the mean values about the corresponding regres3ion line 

ts non-significant. 

This complex interaction was simplified in the same way as the other 

interactions, i.e. targets were divided into large and small target 

groups rather than treated individually, and the four sjN ratios were 

reduced to two levels, high and low. The mean detection probabilities 

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



-68-

TAl}LE 7. 1. 31 

Mean detection probabilities at each range for small 
and large targets under high and low SIN conditi~ 

Range (miles) OVerall 
N 

1 2 I 3 4 mean 
I 

! 

Small targets 

High S;N ratio 0.46 0.29 0.21 0.33 24 0.32 

Low S;N ratio 0.21 0.21 0.17 0.08 24 0.1"( 
, , 

I , 
Large targets I 

I High S;N ratio 0.92 0.83 0.71 0.63 24 0.77 

Low S;N ratio 0.83 0.67 I 0.46 0.42 24 i 0.60 , 
N = Number of readings on which each value is based 

In Table 7.1.31 differences between 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 agd 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 

di vided 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;N ratios, is of importance. The variation due to 

this interaction is shown in Table 7.1.32. 

--~ 
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TABLE 7.1. 32 

Partition of N x R x T interaction 

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

NxRxT* J 99 16.14 I 0.16 - I N.S. 

N (between high 
and low) x R x T 

3 0.47 0.16 - N.S. (between large 

I and small) , 

I I 

I Other components 96 15.67 I 0.16 I - N.S. 
\ 

I I I 
I I RESIWAL* 291 44.14 0.15 I I , , 

* 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 

sma] 1 and large) interaction is non-significant, as is the overall 

effect of the remaining nine components. Further analysis showed that 

the linear regression component of the interaction was also non-

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 sIN 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 variatio~. 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 SIN ratio. 

Equations of the regression 

Large targets 

(a) High sIN ratio, Y = 1.021 -

(b) Iow SIN ratio, y'= 0.959 -
'obablli ty • 

Small targets 

(c) High sIN ratio, Y = 0.438 -

(d) Iow sIN ratio, y'= 0.272 -
.• 0 

1.8 

1.6 

e 

-------------- . 

lines: 

0.100 X 

0.146 X 

0.046 X 

0.042 X 

1.4 - --------~ 
e 

-- e 
1.2 e e 

e 

-G 

(a) 

(b) 

(c) 

(d) 

1.0 +-------------~r-------------_r--------------r_------------~---
o 1 2 3 4 Range 

NCIl'E The confidence Hmi ts of the mean values shown are to. 16 , Values 

shown • are those for large targets and those shown €I are for 

small targets. 

The broken line Is the regression line relating to all targets and 

sIN ratio conditions. 

(miles) 
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TABLE 7.1. 33 

Regression analysis on the range variation for 
small and large targets under conditions of high and low S,1< ratio 

Conditions Source D.F. S.S. M.S. I V.R. I 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 sIN regression 
ratio 

Deviation 2 0.01 0.01 ! - N.S. 

Large Ranges 3 2.70 0.90 6.00 p <:. 0.001 
targets 

Linear 1 2.27 2.27 15.13 p<O.OOl 
LowS/N regression 
ratio 

Deviation 2 0.43 0.22 1.47 N.S. 

I , 
Small Ranges 3 0.78 I 0.26 1.73 N.S. 
targets 

I Linear ·1 0.25 0.25 1.67 N.S'o 
HighS/N regression 

I ratio 
Deviation 2 0.53 i 0.27 1.77 N.S. 

! , 
Small Ranges 3 0.25 0.08 - N.S; 
targets 

Linear 1 0.21 0.21 1.40 N.S. 
LowS/N regression 
ratio 

Deviation 2 0.04 0.04 - N.S. , 

I I I 
I I 0.15 I RESIOOAL* 291 
1 

44.14 I , 

* Value taken from analysis of variance shown in Table.7.1.3, i.e. the 
variance ratios r.ave 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 SIN 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 deviation of 

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

small targets the linear regression due to range is non-significant under 

! , 

I 
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conditions of both high and low SIN 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 

(c) 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 

(c.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 relationship between detection probability and range. The deviation 

of the mean values about line (c) 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 lin~s 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 SjN ratios, which 

was not apparent in the overall data. However, this interaction did not 

reach significance when tested against the overall residual variation. 

As shown in Table 7.1.31, for large targets the difference in detection 

probabilities for high and low sjN 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 



-73-

between range and high and low sIN ratios. 

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

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

small targets are that: 

(a) There is no evidence that the four regression lines shown in 

Figure 7.1.8 differ ~ignificantlY in gradient. There is also no 

evidence that, when considered separately, either the upper pair of 

lines, relating to large targets under high and low sIN ratios, or the 

lower pairs of lines, relating to small targets under high and low sIN 

ratios, deviate significantly from parallel. 

(b) Detection probability decreases linearly with range for all four 

conditions although for small targets under bcth high and low sIN 

conditions the effect does not reach the 5% significance level. 

(c) Detection probabilities associated with large targets are significantly 

higher at each range than the corresponding ones relating to small 

targets. Differences between detection probabilities at each range for 

high and low sIN 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. 

(d) 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 Logit analysis 

The raw data on detection probabilities shown in Table 7.1.1 and 

7.1.2 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 one of two values, 0 or 1. As in previous exper-

iments the results obtained from the conventional techniques were 

compared with those found from a more sophisticated technique, Logit 

analysis. 

The model used in this method is ~hat the probability, P, of a 

correct detection is related to the factors tested by the following 

multiple regression equation: 

1 Y = Logi t P = "2 In. 

In this equation the x values are constants relating to the experimental 

conditions and the b values are the correspoil>.ding regression coefficients 

derived by successive approximations. 

The results of this analysis were in close agreement with those 

determined by the conventional techniques. The Logit analysis showed 

that the linear effects of sIN ratios and ranges were highly significant. 

It also showed that the quadratic components of these effects were non-

significant, as was found by convent~onal 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 improved by the introduction of a cubic effect 

of sIN ratio. 

Differences between targets were also found to be highly significant 

in the Logit analysis. 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. 
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Thus on the basis of the I.ogit analysis it Nas not possible to divide 

the targets clearly into groups although there were highly significant 

differences between the group of targets with the highest detection 

probabili ties and those with the lowest. This disorepancy could have 

arisen from the fact that the Iogit analysis was baned on 192 cell 

totals relating to the number of correct detections out of 2, the 

maximum possible in each cell, whereas the conventional analyses of 

variance took account of variation between the individual cell readings. 

In general the results obtained from the two methods Of analysis 

agreed very closely, as was found in previous experiments. The Iogit 

analysis, which was carried out by Professor P.Armitage of the Iondon 

School of Hygiene and Tropical Medicine, is shown in full in Appendix 

UI. 
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7.2 Search times 

In 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. Since a static method of simulation was used, these search 

times are not directly applicable to the airborne 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 hi"ghly 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, is 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 

number of skilled subjects. For both groups of subjects the results of 

these analyses are closely similar to th03e found in Experiment I, (see 

Appendix 1). 

In the following sections each of the main effects is considered in 

greater detail and the significant interaction betvleen ranges and targets 

is also further analysed. The remaining interactions (N x R, N x T and 

N x R x T) have not been analysed in detail as they are non-significant 

an~ since the main effect due to sIN ratios is also non-significant, the 

partitioning of these interactions was not thought to be worthwhile. 
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TABLE 7.2.1 

Search times for unskilled subjects. 

r TARGETS 

Range sIN 
(miles) ratio 3 14 17 16 15 13 1 20 10 6 5 9 

(dbs) 

14 8.4 1.2 LE. 12.8 7.4 9.6 3.2 2.2 11.6 9.0 34.4 2.8 
12.4 3.0 11.4 23.0 3.8 12.2 M 19.0 11.2 7.2 19.2 2.4 --

19 1
10

•
4 1.4 3.2 2.6 9.0 10.8 14.6 4.0 5.6 35.0 14.0 2.6 

7.2 1.8 6.4 5.4 10.0 9.0 ""1f:b 4.6 17.0 lciJl" 42.2 2.8 -- - - -- --I 

24 2.6 3.2 4.4 18.4 1.6 8.2 21.0 19.6 7.2 10.8 25.8 4.4 
2.2 2.0 12.4 9.4 14.8 8:2 5.0 2.2 5.6 15.4 10.8 6.4 -

30 I 2.4 1.2 3.2 10.2 15.4 14.4 6.0 15.8 7.8 31.8 17.6 3.6 
33.2 3.4 5.0 3.4 8.4 I'4:Ti 7.4 11.4 6.8 b.2 25.4 3.0 , -- -

14 2.6 3.6 ~ 8.2 8.0 12,£ 10.4 6.4 10.0 3.4 13.2 5.8 
5.6 7.2 12.0 13.0 10."8" 19.0 27.0 7.2 l4.2 7.0 ""T.2 8.4 --

19 8.2 7.2 29.6 12.6 5.6 23.2 25.~ 3·2 7.2 5.8 6.6 13.8 
2.6 6.0 b.2 5;6 40.0 10.6 11. 9.6 IM 9.8 5.0 e.o -2 

24 I 3.0 4.8 22& 6.2 9.2 26.4 17.8 7.4 10.8 10.8 33.0 10.2 
2.2 1.6 ~ 9.4 6.8" ""T.2 13.8 4.2 5:b 'ib.4 6.2 8.4 - - -- -

30 6.2 3.8 8.4 33.8 18.0 7.0 9.2 15.0 2.8 15.4 5.0 13.2 
8.0 5.8 Ib.b 10.0 b:b 13.8 12.8 2.4 1O;b l7.6 11.2 6.2 -

14 6.6 5.0 5.8 5.8 5.0 25.0 5.0 8.8 20.4 6.4 15.2 4.2 
13.8 2.0 b.b 21.0 4.4 ""T.2 19.6 10.0 9.8 15.0 2!f.4 29.0 - -- - -- --

19 2....2. 11.4 ~ 2.& 4.6 27.2 12.4 14.4 7.6 43.8 14.4 14.2 
9.8 5.0 8.2 6.6 5.0 9.2 36.8 3.0 18.4 boo fl.""6' 3.8 -- - --

3 
2.8 8.0 24 1.4 12.6 4.8 7.0 9.6 10.8 7.2 16.4 6.2 5.2 

15.') 2.8 9.8 5.8 b.4 11.8 9.6 12.6 9.6 IM 1l.b 5.0 - -- -- --
- 7.0 4.2 15.0 1.0 4.2 20.0 25.8 21.0 26.2 27.8 4.8 22.0 30 4.8 4.8 4.2 7.2 8.8 7.0 11.2 10.8 13.0 b.D 18:2 6.0 - -- --

14 I 2.6 9.2 12.2 22.4 9.6 6.6 4.0 18.2 10.8 18.4 15.8 12.4 
6.0 10.4 12.4 3.8 2Q.2 2b.2 6.0 10.2 9.8 22.4 5.6 10.0 - -- -- --

19 
20.6 2.& 21.0 4.0 5.2 16.2 42.0 9.8 6.4 16.0 7.6 18.0 
14.4 6.2 12.0 4.4 10.8 b.O 3.0 6.8 25.4 fl.""6' 111:2 tf.1l 

4 -- - -- - - -- --
24 

4.0 1.4 32.2 ~ 7.6 10.4 11.4 20.2 37.8 22.6 42.2 2.6 
6.6 32.6 11.0 13. 7.6 7.6 12.2 8.4 5.0 27.0 9.8 8.0 

30 6.0 7.6 18.4 4.6 8.6 5.4 L.Q 21.2 8.4 29.6 6.6 2704 
4.8 6.8 26.2 11.8 10.0 7.0 18.0 8.2 6.b 103.2 17.6 13.4 -- - -

All values are given in seconds. 
Values underlined relate to incorrect decisions. 
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Search times for skilled subject":. 

I 

I TA R GET S 

1 

sIN I Range ratio 3 14 17 16 15 13 1 20 18 6 5 9 
(miles) (dbs) I 

- -- . 

14 16.0 4.4 67.4 12.4 16.2 13.0 15.0 1.0 13.2 .!2.2 ~5.Q 1.2 
1 

24 3.6 3.8 15.6 16.0 11.6 6.6 2.4 5.6 3.8 25& 32.0 3.0 _.-
'--

14 4.4 2.8 29.2 9.4 30.2 9.6 .18.!9.. 18.0 23.0 2.~ 35.2 14..13 
2 

24 3.8 8.4 8.2 11.2 23~ 28.2 46.6 6.2 9.4 25.!Q 32.0 4.4 

14 7.4 1.8 !,9.0 2.8 9.(, 18.6. 180. 6.2 35-=-~ 2.:± 15.2 11,6 
3 

24 23.4 3.6 15.8 23.0 2.8 14.4 22.6 20:.Q. 8.2 6.6 4.0 )1-1.0 

14 ],5.6 16.4 33.0 4.2 33.8 11.8 22.4 32~ 39.4 15:..2 19.6 5.2 
4 

24 19.0 19.0 ]l..:.~ 21....3. 5.2 34,8 4.8 13.6 4.0 §..6 55.4 8.2 -, I 

All values given in seconds 
Values underlined relate to incorrect decisions 
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Analysis of variance on search tj.me data fer unakilled 
subjects shown in Table 7.2.1 --

I D_FJ I 
-

I 1 Source S.S. M.S. V.R. Significance 
1-- , 

I sjN ratio (N) 3 41.88 13.96 - N.S. 

Ranges (R) 3 377.85 125.95 2.18(b) (p < 0.10) 

,,),argets (T~ 11 3420.56 310.96 5.37(b) !? < 0.005. 
--

N x R 9 349.74 38.86 - (b) N.S. 

NxT 33 1752.63 53.11 - (b) N.S. 

R x T 33 3306.60 100.20 1. 73(b) p < 0.01 

RxNxT I 99 I 3868.92 I 39.08 I - (a) I N.S. , 
, 

Residual 192 12967.92 67.54(a) 

Pooled residual 291 16836.84 57.86(b) 
(Residual + 
R x N x T) I I I , 

TOTAL 1383 128068.10 I I I I 
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Analysis of variance on search time da.ta 
for skilled subjects shown in Table i~~2 

r 
• 

Source D.F. S.S. I M.S. V.R. 

sjN ratio (N) 1 17.51 17.51 - (b) 

Ranges (R) 3 672.84 224.28 1.16(b) 

Targets (T) 11. 3199.97 290.91 1.50(b) I 
I 

i I (a) I N x R 3 181.93 60.64 -
NxT 11 2071.59 242.87 - (a) 

RxT 33 4142.69 125.54 - (a) 

Residual 33 8528.87 258.45(a) 

Pooled residual 80 15525.08 194.06(b) 
(Resid~al + 
N x R, N x T, 
R x T) 

I 
I 

I TOTAL 95 119415.40 
. 

Significance 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 
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7.2.1 The eff'ect of signal/noise ratio .on search !~ 

For both unskilled and skilled subjects the effect of SIN ratio on 

search times was non-significant. The mean search times associated with 

each SiN ratio are shown in Table 7.2.5. All search time values are 

given in seconds. 

Mean search times at each sIN ratio 

14 

," "at'o ("")~ 
19 2'l 30 

i 

old Unskilled 
subjects 10.8 11.5 10.8 

Skilled I 
I subjects 16.3 I 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 sIN 

ratios. The differences between each pair of values were non-significant, 

which confirms the results 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 sEilled and unskilled subjects 

was Significant at the 5% level for the 14 dbs SIN ratio and was close to 

the 5% level for the 24 dbs sIN ratio. In each case the skilled subjects 

required a longer time to search the display than the unskilled subjects. 

This 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 ~~killed 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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1'01" 'f-,he ski.llod ;::mbJo..::.-uo has almout d()l)hJ Ad.. It seems 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 data for un3killed 

subjects 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 sIN ratio is extremely 

small. Inspection of the mean search times at each SIN ratio suggests 

that the gradient of the regression line, and hence the sum of squares 

due to linear regression, wo~d be very close to zero. Furthermore, 

there ¥as clearly very little variatlonbetween high and low sIN ratios 

and this partition analysis was therefore not carried out. 

7.2.2 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. 

TABLE 7.2.6 

Mean search times at each range. 

Range (miles) 

N 

1 2 3 4 

Unskilled subjects 10.0 10.8 10.9 12. "( 96 

Skilled subjects 13.2 16.9 13.7 19.7 24 

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

It can be seen that for unskilled subjects 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 me·an search times 

for ranges 1 and 4 miles (p<: 0.01) and 2 and 4 miles (p<0.05). otherwise 
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all differences were non-significant. For the skilled subjects, who 

were exposed only to sjN 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 quarter as many readings as 

those for unskilled subjects and therefore are less likely to be reliable. 

A similar inconsistency was found in the detection probability 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 sjN 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 in 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 

targets used in Experiment I and to ranges 1 - 3 miles. 

TABIE 7.2.7 

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

J 
I 

Range (miles) Ovez'all 
N 

I 
mean 

1 2 3 

Photographic I I presentation 9.7 12.1 14.0 42 11.93 
-

Television 

I I presentation 8.2 11. 7 9.2 56 9.70 --
Differences 1.5 I 0.4 4.8** i I 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 tele,~sion 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 tru.en too seriously, 

particularly as different groups of subjects were involved. 

For unskilled 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 I D.F. S.S. M.S. V.R. Significance 

I I I 

RANGES* 3 377.85 125.95 2.18 I (p < 0.10) I 
L:i.near 1 330.67 330.67 5.72 p < 0.025 regression 

Deviation I 2 47.1 23.55 - N .S. 
, 

RESIOOAL* I 291 16836.84 
/ 

57.86 I I 
*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, i.e. there is a basically 

linear relationship between range and search time. The regression line 

of search time on range is shown in Figure 7.2.1 together with the actual 

mean values for unskilled subjects. The deviation of these mean values 

about the regression line is nar.-significant, as also shown in Table 

7.2.8. 
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FIGURE 7.2.1 

The effect of range on search time. 

Equation of regression line: 

1 2 

Y = 9.05 + 0.83 X 

I 
3 

NOTE This diagram relates only to unskilled subjects. 

I 
4 Range 

(miles) 
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7.2.3 The effect of target differences ~n search times 

The mean search times for targets are shown in ran!{ 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 

I I 
I I Target Mean search time I Ranking 
I I I 14 5.36 1 

3 7.66 2 

9 9.12 3 

15 9.39 4 

16 9.61 5 

20 10.15 6 

la 11.99 7 

17 12.41 8 

13 12.69 9 

1 13.53 10 

6 15.48 11 

5 15.79 I 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 ran!< 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 (Kenda11's tau = 0.73, p<p.OOl), i.e. those 

targets which were associated with high detection probabilities tended to 

be associated also with low search times and vice versa. 



-87-

For skilled subjects the mean search time3 tended to be higher for 

each target than those for unskilled subjects. However, when the values 

were compared with the appropriate data for unskilled subjects (i.e. that 

relating only to sjN 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<O.Ol). 

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 

one 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 pair 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 between mean search times for targets 

Targets 14 

14 

3 

9 

15 

16 

20 

10 

17 

13 

1 

6' 

5 

3 9 15 16 20 10 17 13 1 6 5 

2.303.76 :t,.03 4.25 4.79 6.637.057.33 8.17 ~0.12 10.43 
-- -- -- -- ---

1.46 1. 73 1.95 2.49 4.33 4.75 5.03 5.87 ,7.82 8.2]_ -- --• 
0.27 0.49 1.03 2.87 3.29 3.57 4.41 6.36 6.67, 

0.22 0.762.60 3.02 3.30 4.146.09 .6.40 

0.542.382.803.08 3.92 5,87 6.18. 

1.84 2.26 2.54 3.38 2.Yd. ,2.64 

0.42 0.70 1.54 3.49 3.80 

0.28 1.12 3·07 3.38 

0.84 ::2.79 3.10 

1.95 2.26 

0.31 

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 g6ueral 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 subjects target differences were further inv€sti-

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 ~1ithin 

small targets. This partition is shown in Table 7.2.11. 
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FIGURE 7.2.2 

Mean search times for the twelve targets. 

15 16 20 10 17 13 1 6 

NOTE The different types of shading represent the main significant 
differences between the mean search times for the targets. 
A combination of shadings indicates that the targets are not 
significantly different from those shaded with either of the 
sillgle shadings. 

5 Targets 
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TABIE 7.2.11 

Parti tton of target variation 

Source" I D.F. I S.S. I M.S. I V.R. 
1-

Significance 

~!lRGETS* 
\ 

11 I 3420.56 I 310.96 1 5.37 I .p < 0.005 

Target size 
1 

1 
1 

1720.98 11720.98 1 29 . 74 I p < 0.001 

Targets 
( wi thin small 5 878.44 175.69 3.04 p < 0.025 
targets) 

Targets 
"C within large 5 821.14 
targets) 

164.23 2.84 p -< 0.O2~ 

I 

116836.84 I I RESIWAL* 
1

291 57.86 I 

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

The mcst Significant source of variation shown in Table 7.2.11 is 

the target size, i.e. variation due to differences between large and 

small targets. However, there is also significant variation due to 

differences between individual targets within the large and small target 

groups. The varj.ation within the group of small targets is not si gill f -

icantly different from that 111 thin large targets. The interaction 

between target size and range is analysed in Section 7.2.4. 

7.2.4 Ranges x target interaction 

The analysis of variance on the search time data for unskilled 

subjects 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 conditions. This interaction can be 

divided into a linear regression and a deviation component as shown in 

Table 7.2.12. 
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Regression analysis of R x T inter~~~ion 

Source D.F. S.S. M.S. I v·:-r Significance 

R x T* 33 \ 3306.60 100.20 \ 1.73 p <. 0.01 

I Linear 
1200.87 ----- t 1 1200.87 20.75 p < O.OQl regression 

Deviation 1 32 2105.73 65.80 1.14 N.S. 

RESIWAL* I 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 R x T 

interaction is highly significant, i.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 ea~h range 

--
Range (miles) 

1 I 2 3 4 

Large targets 7·52 8.03 9.46 10.92 

Small targets! 12.42 13.54 12.44 14.46 

Differences 4.90**1 5.51** 2.98* 3.54* 

N ; Number of readings on which each value is based. 
** Significant at 1% level, one-tail te3t. 
* Significant at 5% level, one-tail test. 

N 

48 

48 
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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 variation 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. S.S. M.S. V.R. Significance 

Rx T* 33 3306.60 100.20 1.73 N.S. 

Rx Target size 3 99.44 33.15 - N.S. 

R x T (within 
15 2323.27 154.88 2.67 p <: 0.001 small targets) 

RxT (within 
15 883.89 58.93 1.02 N.S. large targets) 

RESlDUAL* 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, i.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 is 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 
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FIGURE 7.2.3 

The effect of range on search time for 

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

----
---------------- --

Equations of the regression lines: 

(a) Y = 11.96 + 0.50 X 
(b) Y'= 6.08 + 1.16 X 

(a) 

(b) 

1 2 3 4 Range 
(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.S. M.S. V.R. Significance 

Range (within 
3 139.22 46.41 - N.S. small targets) 

Linear 1 60.85 60.85 1.05 N.S. regression 

Deviation 2 78.37 39.18 - N.S. 

Range (within 
3 337.40 112.47 1.94 N.S. large targets) 

Linear 1 324.62 324.62 5.61 p < 0.025 regreSSion 

Deviation 2 12.7.8 6.39 - N.S. 

RESIIXlAL* 291 116836.84 57.86 1 

* Value taken from analysis of variance shown in Table 7.2.3. The 
residual mean square values determined from the separate armlyses 
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. ,lithin large targets the overall 

range effect is non~ignificant but the linear regression component is 

significant, i.e. line (b) in Figure 7.2.3 has a significant gradient. 
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As would be expected mean search time increases with increasing 

range. The deviation of the mean values about this line 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 lies in the fact that there is a 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. This was a subjective measure on a seven-point scale of the 

degree to which the subject was certain of the correctness of his jUdg-

ment. High values were associated 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, sIN 
ratiOS, ranges and targets. Furthermore there are significant inter-

actions between SIN ratios and targets and between ranges and targets. 

For the Skilled subjects the levels of significance are lower and only 

targets are highly significant. The effect of SIN 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 coneidered in greater detail in the following sections. 



Range 
(miles) 

1 

2 

3 

4 
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TABIE 7.3.1 

Confidence level scores for unskilled subjects 

SIN TARGETS ratio 
(dbs) 3 14 17 16 15 13 1 20 10 6 5 9 

14 6 7 4 3 6 3 5 5 4 3 3 4 
5 7 '4 1 I ~ '4 4 6 '4 '4 7 - - -

19 6 7 4 7 5 3 2 6 5 5 ;L 7 
4 6 6 6 6 "5 b 6 4 ~ ;L 6 -

24 6 7 6 5 7 3 3 4 6 6 3 4 
7 7 5 4 5 ~ ~ 6 7 '4 6 6 

- -

30 6 7 7 6 ;L 4 6 ;L 4 4 5 7 
2- 7 7 7 7 '4 "5 7 7 2 4 6 -

14 7 7 3 4 3 5 4 2- 3 3 2. 7 
7 6 '4 3 b b 2 5 4 ~ 5 6 

19 7 6 3 3 5 3 1 7 4 6 6 .2 
7 6 4 6 5 b 4 6 4 6 7 2-

6 24 7 6 3 4 5 4 2 4 4 4 4 
7 7 2 4 ~ b "5 6 b 2 6 6 -

I 30 6 6 ;L 2 4 6 3 3 5 2 5 6 
7 6 2 4 '4 5 4 6 b 1" 5 7 - - -

14 6 6 ~ 2 3 3 6 3 6 4 2 5 
'4 7 ] 4 '4 '4 2" '4 .L 1" 5 - - - - -

19 2. 7 4 5 5 3 ~ 4 5 3 ;L 5 
7 7 b ~ 4 b ;L I 4 '4 2. 2-- -

24 6 7 4 5 3 6 6 5 4 4 4 5 
6 7 2. b 2 2- ;L 5 ~ 4" b 5 - -

j 6 
I 

30 4 7 5 6 5 2 4 3 3 4 41 
7 7 4 5 3 ~ 4 b ~ "5 2 6 -

14 6 3 6 5 2 2 7 4 3 2- 5 3 
4 ;L 6 4 '4 2 D 4 4 ;L ~ 4 - - -

19 2 6 4 5 4 2 2 5 4 2.. 3 5 
4 b '4 6 ;L '4 '4 I 4 2. 2 "5 - - - - - -

24 6 6 5 4 4 5 4 3 3 3 4 4 
7 1 '4 "5 2" 2. 2- 6 '4 "5 3 4 -

30 I 
7 2- 4 4 4 3 6 5 3 3 2- ~I 7 7 "5 6 2" 5 b '4 ~ 2 2. - -

Values underlined relate to incorrect detections. High values are 
associated with high confidence of a correct detection. 
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TABLE 7.3.2 

Confidence level scores for skilled subjects 

Range 
SIN 

T A RGE.TS ratio 
(miles) (dbs) 3 14 17 16 15 13 1 20 10 6 5 9 

14 I 4 0 4 4 3 ~ 7 6 2 ~ 7 - -1 
24 7 7 3 6 7 6 6 7 7 5 ~ 7 -

14 6 7 1 2 4 I 2 2 2 I 3 2 - - - -2 
24 7 7 3 6 2 6 2 7 3 2 2 7 - - -

14 6 7 2 7 4 2 I 6 ~ 4 2 2 - - - - - -
3 

24 6 7 2 ~ I 6 2 2 I 4 I 4 - - - - -
14 6 7 2 3 2 ~ ~ 2 4 I 2 7 

4 - - - - -
2.\ 3 2 6 ~ 3 2 6 6 2 2 3 5 - - - -

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



I 
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TABLE 7.3.3 

Analysis of variance on confidence level data for 
unskilled subjects sho.m in Table 7 .3o_~ 

Source I D.F.! S.S. 
, 

M.S. 
t 

V.R. I Significance 

~' ratios (N) 3 12.42 4.14 3.18(b) p < 0.025 

Ra~es (R) 3 35.85 11.95 9.19(b) p < 0.001 

Targets (T) 11 173.80 15.80 12.15(b) p <" 0.001 
. 

NxR 9 15.03 1.67 1.28(b) N.S. 

NxT 33 77.83 2.36 1.82(b) p< 0.01 

RxT 33 140.91 4.27 3.28(b) p<: 0.001 

NxRxT 99 141.57 1.43 j1.16(a) N.S. 

i 

Residual 192 236.24 1.23(a 

Pooled residual 291 377.81 1.30(b 
(Residual + 
N x R x T) 

I 

1
383 , 

I 

I TOTAL 833.70 I 
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Analysts of variance on the confidence level data 
for skilled subjects sh'?:m in Table 7 .:;;.S --

Source I D.F .! S.S. I M.S. I V.R. Significance 

sffi ratios (N) 1 13.50 13.50 4.17(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 

NxR 3 9.08 3.03 - (a) N.S. 

NxT 11 19.75 1.80 - (a) N.S. 

RxT 33 111.50 3.38 - (a) N.S .. 

Residual 33 118.67 3.60(a) 

Pooled residual 80 259.00 3.24(b) 
(Residual + 
N x R 
NxT 
R x T) 

TOTAL 95 402.00 I I I 
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7.3.1 The effect of 8/1'-1 ratio on confidence level 

The mean confidence levels for unskilled and skilled subjects 

under each sjN ratio condition are shown in Table 7.3.5. 

TABLE 7.3.5 

Mean confidence levels under each condition of SIN ratio 

-

I 
sjN ratio (dbs) 

14 I 19 I 24 30 

Unskilled subjects I 4.40 
i 

/. 4.81 4.83 I 4.78 

I 

I Skilled subjects I 4.13 - 4.88 .;. 

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 subjects the mean 

confidence level associated with the 14 dbs sjN ratio is significantly 

lower than those for the other sjN ratios. The two values for skilled 

subjects (relating to the 14 and 24 dbs sjN ratios) are also significantly 

different. Otberwise all differences between means for the sIN 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 

7.3.5 for unskilled subjects to determine the extent to which the 

relationship between mean confidence level and sIN ratio was linear. 

This analysis is shown in Table 7.3.6. 
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TABLE 7.3.6 

Regression analysis of SIN ratio variation 

l~ I 
-

I Source S.S. M.S. V.R. I Significance 
, I 

s/N RATIO*- 3 I 12.42 4.14 3.18 p<0.025 

Linear 1 6.21 6.21 4.78 p<::0.05 
regression 

Deviation 2 6.21 3·11 2.39 (p<O.lO) 

RESIOOAL* I 291 1 377 .81 I 1.30 I I 
I , 

* 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 sjN ratio variation is significant at the 5% level, i.e. that the 

relationship between confidence level and s/N 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 

about the regression line. This 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 s/N ratio (Section 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 occUrS 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 sjN ratios of 19 dbs and lower 

the subjects themselves are not aware of this deterioration until the s/N 

ratio has fallen to 14 dbs. 
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FIGURE 7.3.0 

The effect of Signal/noise ratio on confidence level. 

2 Equation of regression line: 

o 

• 
Y = 4.251 + 0.021 X 

LZ---r-l -.----1 ~ __ 

14 19 24 

• Unskilled subjects. 

• Skilled subjects. 

NOTE The regression line is based only on the values relating to 
unskilled subjects. 

30 SiN ratio 
(dbs) 
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Since the significant fall in confidence level did not take place 

between the 19 and 24 dbs level it was not appropriate to partition 

the sIN ratio variation into components relating to variation within 

and between the high and low levels of sIN ratiO, as was done in the 

case of detection probabilities. However, a partition analysis was 

carried out to determine the extent to which the total variation due 

to sIN 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 SIN ratio variation 

- , 
Source D;F. S.S. M.S. V.R. Significance 

~ RATIO* 3 12.42 4;14 3.18 p <: 0.025 

Between 14 dbs I level and the 1 12.29 12.29 

I 
9.45 p< 0.005 

19, 24, 30 dbs 
levels 

I 
Within the 19, 
24 and 30 dbs 2 0.13 0.06 - N.S. 
levels 

RESIDUAL* 291 377 .81 1.30 

* Values taken from the analysis of variance sho,rn in Table 7.3.3 

It can be seen from this analysis that almost the whole of the variation 

due to sIN ratio was due to the low value associated with the 14 dbs sIN 
ratio. Thus, the significance of the overall effect due to sIN ratio is 

very largely due to this one value. 
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7.3.2 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 confidence 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) 

1 2 3 4 

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 i.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 sjN ratios of l4.and 24 dbs) were non­

significant 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 photographic 

presQntation being higher than that under television conditions. The 

difference 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 

oaution although it is in the expected direction, i.e; lower confidence 

is associated 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 analysis of range variation 

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

RANGE* 3 35.85 11.95 9.19 p < 0.001 

Linear 1 35.48 35.48 27.29 p < 0.001 regreSSion 

Deviation 2 0.37 0.19 - N.S. 

RESIOOAL* 291 1 377.81 1.30 I 
*Values taken from aealysis 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 confidence 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. 

Equation of regression line: 

Y = 5.386 - 0.272 X 

1 2 3 

NOTE This diagram relates only to unskilled subjects. 

4 Range 
(miles) 
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7.3.3 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 7.3.4. The mean confidence 

levels for targets are shown in rank order in Table 7.3.10. These 

values relate only to unskilled subjects. 

TABLE 7.3.10 

Mean confidence levels for targets 

Target Mean confidence Ranking level 

14 6.16 1 

3 5.88 2 

9 5.22 3 

20 4.88 4 

16 4.53 5t 

10 4.53 5t 

17 4.47 7 

15 4.31 8 

13 4.22 9 

1 4.19 10 

5 4.16 III 

6 3.94 12 

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 

associated 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, (~O.OOl in each case), i.e. those targets which 

were associated with high confidence levels also tended to be a,ssociated 

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 Umes and low confid­

ence levels. The values of Kendal1's tau and the corresponding significance 

levels for all correlations between performance measures areGhown in a 

summary table, Table 7.6.3. 

It is interesting to note that the mean confidence level vnlues 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 prob~bilities, 

subjects were either not aware of their low success rate or else they 

were not making full use of the confidence level scale, 1. 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 caGe of Target 17, the value for unskilled 

subjects being greater than that for skilled subjects. The signlflcant 

correlations between the rank orders acc:)rding to confidence levels and 

those according to detection probabilities and search times were Similar 

to those found for the unskilled subjects. Values of Kendal1'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 mean~. 

These differences, together with the associated significance levels, are 

shown in Table 7.3.11. 
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TABLE 7.3.11 

Diff~~",_ be~~~9I1 confidence levels for the twelve targets. 

TARGErS 14 3 9 20 16 10 17 15 13 1 5 

14 

3 

9 

20 

16 

10 

17 

15 

13 

1 

5 

6 

0.28 2:.SL4 1.28 ;1-.63 J.~ l;§2. ~ 1.94 J..97 2.00 
--= ~ = 

0.66 1.00 1.35 1.35 1. Ifl 1.57 1.66 1.69 1. 72 
:,.-= = = = === 

0.34 0.69 0.69 0.75 0.91 1.00 1.03 1.06 --- = --- = • = 

0.35 0.35 0.41 0.57 0.66 0.6<z. 0.72 --
0.00 0.06 0.22 0.31 0.34 0.37 

0.06 0.22 0.31 0.34 0.37 

0.16 0.25 0.28 0.31 

0.09 0.12 0.15 

0.03 0.06 

.0.03 

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 7.3.11 that Targets 14 and 3 are associated 

with significantly higher mean confidence levels than the other targets. 

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

6 

2.22 
= 

L~4 

1.28 = 
0.94 
=-== 
0.59 --I 
0.59 J --I 

0. 53 1 

0. 371 

0.28 

0.25 

0.22 

a group within >lhich only two difference values are significant. The mean . 

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

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. This analysis is given 

in Table 7.3.12. 
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FIGURE 7.3.2 

Mean confidence levels for the twelve targets. 

9 20 16 10 17 15 13 1 5 6 

NOTE The three different types of shading indicate the main Significant 
differences between the mean confidence levels for the targets. 
A combination of shadings (Target 20) indicates that the target is 
not Significantly different from those shaded with either of the 
single shadings. 

Targets 



:r'ABLE 7.3,12 

Source I D.F. I S.S. 14.S. I V.R. Significance 
, 

I I I I TARGETS* I 11 173.80 15.80 12.15 p < 0.001 ---- , 
I --

1'arg.!'~..2?I ze I 1 93.02 93.02 71.56 p < 0,001 
I 

Targets (within 
5 4.96 0.99 - N.S. small targets) 

Targets (,.ithin 
5 75.82 15.16 11.67 p< 0.001 largetargets) 

---

I ~ Y{7.81 I I I 
-------, 

RESIWAL* 291 1.30 I , , , 
* 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 greatep 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 in the rank order. 
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7.3.4 Signal/noise ratio x range interaction 

This interaction was found to be non-significant for both groups 

of subjects, as shown in Tables 7.3.3 and 7.3.4, i.e. the different sIN 

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 on range for each of the four sIN ratios did 

not deviate significantly from parallel. This analysis is shown in 

Table 7.3.13. 

Regression analysis of N x R interaction 

I Source I D.F. J S.S. I M.S. I V.R. I Significance 
", I 

N x R* I 9 I 15.03 I 1.67 I 1.28 I N.S. 

Linear 1 0.51 0.51 N.S. regression -

Deviation 8 14.52 1.82 1.40 N.S. 

RESIWAL* I 291 I 377.81 
1 

1.30 I , I 

* Values taken from analysis of variance sho~n in Table 7.3.3. 

Since, as was discussed in Section 7.3.1, it was inappropriate to 

reduce the four sIN 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 term. 
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7.3.5 SignaJ-!noise ratio x .targets interactj.on 

The analysis of yariance given in Table 7.3.3 3hOl<3 that the N x T 

interaction is highly significant for the unskilled subjects, Le. that 

individual targets were differently affected by the four sIN ratio con-

ditions. A regreSSion analysis indicated that the linear component of 

tr~s variation was also highly significant as shown in Table 7.3.14. 

TABLE 7.3.14 

Regresston analYSis of N x T interaction 

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

N x 1'* I 33 I 77.88 I 2.36 1.82 p c 0.:.9.~ ---
i 

Linear 1 9.86 9.86 7.58 .p ..:::J!.01 regression 

Deviation '<? .>- 68.02 2.13 1.64 P <: 0.025 

RESIIXJAL" 291 377.81 L 1.30 

* 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 sIN ratio for each target individually is non-linear 

and there are significant differences between these twelve regression 

curves, i.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 sIN ratio on mean 

confidence level for each group. 
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TABLE 7.3.15 

Mean confidence level for large and small tar~~t~ 
at each slN ratio 

. .' - .--
sjN ratio (dbs) 

14 19 2~_ .- --
Large targets 4.65 5.44 5.31 I 5.40 

Small targets 4.15 4.19 4.35 14.17 

Differences 0.50* 1.25** 0.96** I 1.23*"' 

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

The differences between the mean confidence levels for large and 

small targets are significant at each sjN ratio. However, for both 

large and small targets the trends of increasing confidence level with 

increasing sjN ratio are not entirely consistent. Similar discrepancies 

were apparent in Section 7.3.1 in which the overall effect of sjN ratio 

on confidence level was analysed. 

A further analysis was carried out to determine whether there was 

a significant interaction betNeen sjN ratio and target size. This 

analysis, which involved partitioning the N x T interaction into three 

parts, is shown in Table 7.3.16. 
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Partition of N x T interaction 

,-------------.---.-------.-----.-----.-r---------~ 

___ s_o._u_r_c_e ______ ~I_D_._F_·_LI ___ s_.s __ .~ __ M_._s_· ___ 1L-.V•
R

• I Sign1fic~nce 
N x T* 33 77.88 2.36 1.82 E..< 0.01 

N x Target size 

N x T (within 
small targets) 

N x T (within 
large targets) 

RE3IWAL* 

3 2.93 

15 35.35 2.36 

15 33.74 2.25 

1291 377.81 11.30 

2.25 N.S. 

1.81 p < 0.05 

1.73 

* 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 sIN 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 it did 

reach the 10% level. This suggests that there is a tendency for lines 

(a) and (b) in Figure 7.3.3, which represent the linear regression com-

ponents of confidence level on sIN 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 sIN 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. 

(a) 

----8 

.4 

.0 

. 6 

'­--. _--r <------ -,... 

..... 

14 19 

Equation of regreSSion line (b) 

y = 4.153 + 0.003 X 

24 

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. 

(b) 

30 sjN ratio 
(dbs) 



TABLE 7.3.17 

llegression analysis on the sIN ratio variatIon for 
smailaDd large targets-----

I I I 

~ I Source D.F. I S.S. I M.S. Significance 
I . 

sIN ratio 
wi thin small 3 1.31 0.44 - N.S. 
targets 

Linear 
·1 0.09 0.09 N.S. 

regression -

Deviation .2 I 1.22 0.61 - N.S. 
I --

I 

sIN ratio I 
wi thin lar!:le 3 19.90 6.63 5.10 p <: 0.005 
targets 

Linear .1 10.36 10.36 7.97 p -< 0.01 regression 

Deviation ·2 
I 9.54 4.77 3.67 p -< 0.05 

1377 .81 I 
I 

RESIDUAL* 291 1.30 I 
*Value taken from the analysis of variance shown in Table 7.3.3. 

The residual mean square values determined from the separate 
analyses of 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 sm~ll targets both the linear regression 

and the deviation components of the sIN ratio variation are non-signific.ant, 

1. e. the regression line has a non··significant gradient aSld the mean values 

do not deviate significantly about it. It can be eeen in 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 \~ould 

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 anc., as !:>hown above, 

there is evidence that it is not parallel to the regression line for 

small targets although this effect is only signiUcant at the 10% level. 

Thus, these data suggest that increasing sIN ratio han no effect on the 

confidence levels associated 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 only a 

marginal increase in the associated confidence levels. For large targets 

a similar increase in detection probability is observed and this is 

accompanied by a significant increase in confidence level. It should be 

noted, however, that whereas the increase in detection probability does 

not take place until the sIN 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 sIN ratio effect 

(Section 7.3.1) appears to be associated only with the large targets. 

Therefore, although for individual targets detection probabilities 

are highly correlated with the corresponding mean confidence levels 

(Section 7.3.3). it appears that there are som~ discrepancies between the 

effect of Signal/noise ratio as found objectively by detection probability 

measures and subjectively by the associated confidence level3. This is 

probably accounted for by the fact that target differences are relatively 

large whereas the variation in mean confidence levels for the signal/noise 

patio conditions tested extends over only a relatively small part of 

the 1 - 7 confidence level scale. 
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7.3.6 Range:] x target.s interaction 

'l'I1e analysis of variance on the confidence level data for unskilled 

subjects shown in ,['able 7.3.3 indicates t.hat 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.).8. 

TABLE 7.3.18 

Regression analysis of R x T interaction 

Source I D.F. I ~ M.S. I V.R. I Significance 
-~ 

I 
I 

I I I R x 1'* 33 I 140.91 4.27 3.28 p < 0.00l.:. 
--

Linear 1 
I 

59.14 59.14 45.49 regression p < 0.00l. 

Deviation 32 81.77 2.56 1.97 p <0.0.95 , 

RESlDUAL* I 291 I 377.81 I 1.30 I I 

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

This analysis shows t.hat the regression of confidence level on 

range for each target individunlly is non-linear and that there are 

significant differences between these twelve regression curves, i.e. 

they are non-parallel. The somewhat confused situation wb~ch waS 

revealed by this analysis was simplified by considering the targets in 

two groups, large and small, aB 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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TABLE 7.3.19 

Mean confidence levels at each rru1ge for large 
and small targets 

----------------------------------------------
I I Range (miles) 
I 

I J 1 2 3 4 

Large targets I 5.63 I 5.44 
1 

5.17 I 4.56 
--

Small targets I 4.63 I 4.17 4.06 I 4.00 I 

Differences j1.00**J 1.27** 11.11** 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 

I D.F. I 
I 

Source S.S. M.S. V.R. I Significance 

Rx T* , 33 140.91 4.27 3.28 p < 0.001 

Rx Target size 3 6.61 2.20 1.69 N.S. 

R x T (within 
small targets) 15 85.39 5.69 4.38 p < 0.!..901 

R x T (within 15 48.91 3.26 I 2.51 p " O.QO~ large targets) , 

RESlDUAL* 
1
291 377 .81 I 1.30 I 

* Values taken from the analysis of variance shown in Table 7.3.3. 
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Tills table also shows that within both the large and small tcrget 

groups there are highly significant interactions between ranges and 

targets, 1. e. within each group the targets are differ'ently affected by 

range. 

Further analysis of the R x Target size interaction showed that both 

the linear regression and the deviation components of this interaction 

I<ere also non-significant. Thus the two regression lines shown in Figure 

7.3.4 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 significance 

of the corresponding linear regression components. These analyses are 

shown in Table 7.3.21. 

Regression analy~is on the range variation for 
~~~e and small target~ 

Source I D.F. I S.S. J M.S. I V.R. I Significance 
I -
I 

B~ (within 
small targets) 3 11.52 3.84 2.95 p < 0.05 

Linear 
1 9.60 9.60 7.38 p < 0.01 regression 

Deviation 2 1.92 0.96 - N .S. 

Range (within 
3 30.94 I 10.31 7.93 p< 0.001 large targets) 

Linear 1 29.06 20.06 22.35 p < 0.0.01 regression 

Deviation 2 1.88 0.94 - N .. S. 

RESIWAL* I 291 I 377.81 I 1.30 I I , , 

* 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. 

Equations of the regression lines: 

(a) Y = 6.062 - 0.346 X 

(b) Y'= 4.709 - O.lgB X 

I 

(a) 

(b) 

I 
1 

I 
2 

I 
3 4 Range 

(miles) 

NOTE The broken line is the regression line relating to all targets. 
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j 
I 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. Th~ l 

j regression lines are shown 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. 

sIN I Range ratio 
(miles) (dbS)r--3----1-4---1--7----1-6~--15----1-3-----1---2-0~--1-0----6-----5----9~-

Tl\RGETS 

1 

·2 

'3 

4 

i 

14 176.4 52.8 75.0 87.8 52.6 52.6 70.8 200.8 112.6 58.4 55.2 
63.2 43.8 115.8 110.8 74.8 227.0 57.2 106.0 99.2 84.0 43.8 

I 
54.2 i 
93.0 

I 
69.8 30.2 80.8 60.4 72.2 125.2 63.6 54.4 101.0 145.8 113.2 65.2 

_1_9 __ ~_4_5_.2 __ 2 __ 7_._8_1_2_5_.l_1 __ 55_._2 __ 4_8_.4 ___ 7_6_.2 __ 8_3_._2 __ 6_4_.2 __ 1_32_._6 __ 6_2_.4 __ 1_2_0_.4 __ 11 __ 1~~, 

24 

30 

14 

19 

47.4 45.8 97.6 46.2 72.8 101.2 119.2 80.6 41.8 170.6 57.4 
74.2 75.0 87.8 43.0 70.2 164.6 96.8 134.2 239.8 134.2 99.8 

108.0 70.0 46.0 51.0 113.8 99.8 78.8 163.4 89.4 75.8 62.4 
223.8 48.2 116.0 70.4 77.6 126.2 44.6 65.6 125.4 120.2 72.6 

61. 2
1 49.6 
j 

9908 i 
46.0 ! 

47.4 72.8 59.8 51.0 162.6 114.2 115.0 70.2 81.2 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 

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 

• 24 29.6 62.4 85.8 72.6 62.8 56.0 123.4 63.2 74.4 92.4 169.6 75.2 
35.4 95.8 63.0 204.6 86.2 40.2 87.0 78.0 71.0 114.0 64.0 74.8 

30 54.2 54.0 67.8 143.8 60.6 41.2 71.6 63.0 62.8 43.2 195.2 59.61 
39.6 72.4 97.8 75.8 121.6 65.4 166.8 48.8 51.4 175.4 100.6 141.4 j 

14 I' 56.8 56.0 52.6 67.8 93.4 66.6 58.2 89.8 66.2 65.8 47.6 123.0 
. 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 1 49 •6 64.0176.4 63.4 110.0 147.2 154.2 95.8 40.0 85.8 77.4 70.2 1 
.208.4 66.2 171.2 48.0 72.0 96.2 106.4 107.4 76.0 68.8 146.8 129.2 

24 

30 

14 

19 

1

119.8 107.4 118.2 49.6 56.8 194.0 48.0 48.8 48.4 49.6 87.2 35.6 
100.0 84.4 76.2 60.6 65.6 129.2 88.2 99.2 54.0 83.0 6'(_0 67,8 , 

I 

I 
66.6 50.8 76.4 45.6 76.6 63.0 63.8 96.0 151.8 50.8 117.8 150.0 I' 

169.0 83.0 103.8 57.0 79.0 88.0 50.6 79.6 92.6 67.8 73.2 81.6 

30.2 73.0 53.0 66.8 132.0 59.4 56.8 43.2 150.6 161.4 56.4 82.2 
48.0 184.6 80.2 89.6 80.4 78.4 78.8 36.2 71.8 91.6 80.2 99.0 

48.0 119.4 50.0 52.8 82.8 79.4 67.4 45.0 189.4 5;1.6 65.8 45.8 
78.8 79.4 48.4 74.8 156.6 74.4 118.6 62.8 127.0 103.8 61.820LO 

24 I 51.4 34.4 71.8 135.2 86.0 61.0 171.6 88.4 70.2 40.2 84.0 73.2 
! 29.6 74.0 74.8 85.8 168.8 75.8 115.0 86.8 137.0 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 I 
50.2 127.4 92.2 69.4 59.6 53.2 163.6 118.4 76.8 37.0 128.0 91.0. 

! 

All values given in seconds. 
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7.4 ~lap-briefing tj.mes 

Subjects were allowed as much time as they wanted to study the map 

before viewing 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 groupn of subjects are shown in Table 7.4.1 and 7.4.2. 

While the subject was briefing himself on the map, he did not know under 

which conditions of range and signal/noise 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. Furthermore, 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 it 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 a.re 

sho>m in Table 7.4.3, together with the corresponding rank orders. 
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Map-briefing times for unskilled subjects. 

sIN I T 1\ R GET S ]1 
Range ratio r-----.--------------,----------9~'-

(miles) (dbs) 3 14 17 16 i5 13 1 20 10 6 5 _ 

1 

·2 

'3 

4 

14 176.4 52.8 75.0 87.8 52.6 52.6 70.8200.8 112.6 58.4 
63.2 43.8 115.8 110.8 74.8 227.0 57.2 106.0 99.2 84.0 

I 
55.2 54.2 i 
43.8 93.0 

19 1 69.8 
. 45.2 

30.2 80.8 60.4 72.2 125.2 63.6 54.4 101.0 145.8 113.2 65.2 
27.8 125.4 55.2 48.4 76.2 83.2 64.2 132.6 62.4 120.4 111.2 

, 

24 

30 

I 14 

19 

47.4 45.8 97.6 46.2 72.8 101.2 119.2 80.6 lf1.8170.6 57.4 61. 2 1 

74.2 75.0 87.8 43.0 70.2 164.6 96.8 134.2 239.8 134.2 99.8 49.6 
I 

108.0 70.0 46.0 51.0113.8 99.8 78.8163.4 89.4 75.8 62.4 99 0 8: 
223.8 48.2 116.0 70.4 77.6 126.2 44.6 65.6 125.4 120.2 72.6 46.0! 

47.4 72.8 59.8 51.0 162.6 114.2 115.0 70.2 81.2 78.0 68.8~ 
48.4 130.8 53.4 199.2 75.8 103.4 136.8 56.8 66.0 120.8 134.2~~ 

93.8 154.2 51.6 83.0 131.8 65.0 64.0 46.0 63.0 100.4 50.6 51.8 i 
60.4 80.6 67.0 105.0 187.0 114.0 155.0 41.0 108.4 66.2 95.0 54.4 

24 I 29.6 62.4 85.8 72.6 62.8 56.0 123.4 63.2 
35.4 95.8 63.0 204.6 86.2 40.2 87.0 78.0 

74.4 92.4 169.6 75.2 
71.0 114.0 64.0 74.8 

30 54.2 54.0 67.8 143.8 60.6 41.2 71.6 63.0 
39.6 72.4 97.8 75.8 121.6 65.4 166.8 48.8 

62.8 43.2 195.2 59.61 
51.4 175.4 100.6 141.4 I , 

14 I' 56.8 56.0 52.6 67.8 93.4 66.6 58.2 89.8 66.2 65.8 47.6 123.0 
_ 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 I 49.6 64.0176.4 63.4 110.0 147.2 154.2 95.8 40.0 85.8 77.4 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 

24 

30 

14 

19 

24 

30 

.,-

1

119.8 107.4 118.2 49.6 56.8 194.0 48.0 48.8 48.4 49.6 87.2 35.6 
100.0 84.4 76.2 60.6 65.6129.2 88.2 99.2 54.0 83.0 6'{.0 67.8 

I' 66.6 50.8 76.4 45.6 76.6 63.0 63.8 96.0 151.8 50.8 117.8 150.0 ji 
169.0 83.0 103.8 57.0 79.0 88.0 50.6 79.6 92.6 67.8 73.2 81.6 

30.2 73.0 53.0 66.8 132.0 59.4 56,8 43.2 150.6 161.4 56.4 82.2 
48.0 184.6 80.2 89.6 80.4 78.4 78.8 36.2 71.8 91.6 80.2 99.0 

48.0 119.4 50.0 52.8 82.8 79.4 67.4 45.0 189.4 5if.6 65.8 45.8 
78.8 79.4 48.4 74.8 156.6 74.4 118.6 62.8127.0103.8 61.8201.0 

I 51.4 34.4 71.8 135.2 86.0 61.0 171.6 88.4 70.2 40.2 84.0 73.2 
I 29.6 74.0 74.8 85.8 168.8 75.8 115.0 86.8 137.0 82.4 53.8 166.6 

61.6 96.6 90.8 142.0 55.2 51.2 166.2 69.2 52.4 58.8 80.4 126.6 I 
50.2 127.4 92.2 69.4 59.6 53.2 163.6 118.4 76.8 37.0 128.0 91.0, , 

All values given in seconds. 
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Map-briefing tlmes for skilled subjects. 

SIN TARGETS 
Range 
miles) 

ratio 3 14 17 16 15 13 1 20 10 6 5 9 (d.·05 ; 

-
14 ~;).o 43.0 167.2 56.0 51.1+ 141.4 51.4 27.8 37.4 77.2 38.0 76.2 

1 
24 45.8 19.8 58.8 142.2 74,0 59.8 102.0 59.4 22.4 97.0 48.2 59.0 

14 38.0 5.2 33.4 J47.8 134.8 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 50.6 49.2 

14 34.2 160.0 52.6 39.4 51.6 78.6 196.6 48.6 50.6 96.8 49.0 45.0 
3 

24 48.6 51.4 82.8 83.0 43.2 35.2 51.2 85.2 64.8 61.0 51.8 154.0 

14 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 72.8 32.6 38.2 52.0 43.8 137.8 28.6 

, 

All values are given in seconds. 
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Map-br~efing times for each target 

I 

Unskilled subjects Skilled subjects 
Targets 

Map-briefing Ranking Map-briefing Ranking 
time time 

3 76.2 1 55.5 1 I 
14 76.9 2 63.7 3 

20 82.2 3 60.9 2 

16 84,6 4~ 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 94.2 10 79.0 9 

13 94.4 11 79.8 10 

1 97.6 12 ! 76.5 8 

Overall 

J 
87.4 71.2 I mean 

! 

Three analyses were carried out on these data: 

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

at the 1% level, i.e. the skilled subjects required signifioantly less 

map-briefing time than the unskilled subjects. This result is in 

agreement with tr£t found in Experiment I. The overall mean value for 

the unskilled subjects was very close to those found previously. 

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

part in this experiment was significantly higher (p '" 0.01) than that 

for the skilled subjects who took part in Experiment I. 
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(b) The mean map-briefing times for each target for unskilled subjects 

were compared with the corresponding values for .skilled subjects. 

Although in almost every case the mean values were higher for the 

unskilled subjects than for the skilled group it was found that none 

of these differences reached the 5% significance level. 

(c) The rank orders of the targets according to the mean briefing times 

es shown in Table 7.4.3 were teGted by Kendall's tau to determine 

whether they were significantly correlated. Values 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 7.4.4 

Correlations between the rank orders of targets 
according ~;n;:;:ptimes-wi th those for other pedormance-m8asures 

I Kendall 's tau I Significance 
I 

Map times ~~ p < ,).05 Unskilled/skilled 

Unskilled subjects 

Map times/detection 0.50 p < 0.05 probabilities 

Map t!.mes/search times 0.45 p < 0.05 
Map 'times/confidenc e 0.52 I p < 0.05 
levels I -
Skilled subjects 

~1ap times/detection 0.13 N.S. probabilities 

~1ap times/oaarch time~ 0.21 N.S. 

Map times/confidence 0.41 N.S. levels 

It can be seen from Table 7.4.4. 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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m8asures, i.e. low map-briefing times tend to be a3sociated with high 

detection probabilities, low search times and high confidence levels. 

This is an interesting result and one that llas not been found in previous 

experiments. Since 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 ~p-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 Relationsr.ip between detect.ion performance and psychome~t'ic measures 

During the experimental program psychometric tests givin~ 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 personality variables. 

Tables 7.5.1 and 7,5.2 show the mean and standard deviation values 

for the scores obtained on Heims A.H.5. test of hj.gh grade intelligence, 

and on the Eysenck Personality Inventory which gives numerical values 

relating to subjects extraversion - intraversion (E) and neuroticism (N). 

For comparison purposes the relevant population norms are also sho~TI. 

TABIE 7.5.1 

Intelligence, E and N scores for unskilled subjects 

I 
, 
1 

Subjects tested Population 

1 (32 students) norms 

I Mean s. d. Mean s.d. ! 

A.H.5 intelligence 3~_. test score 44.9* 5.7 

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 years. 

*These values are significantly different from the 
corresponding population norms, (p <: 0.01 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. aircrew) norms 

:'IIean s.·d. Mean a.d. 
c---

A.H.5 intelligence 
test score .31.1* 8.6 39.9 6.7 

I 
' . 

Eysenck Personali to 
. Inventory. 

E 11.0 2.9 11.1 4.5 

N 7.9 
i 

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 unslcilled 

subjects the mean scores on the A.H.5 intelligence test and on the 

extraversion - intraversion (E) scale of the Eysenck Personality Inventory 

were significantly higher than the population norms. However, none of 

the mean values differed significantly from those found for the students 

who took part in Experiment I. 

The skilled subjects did not differ Significantly from the Gorrespoild-

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 T. 

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

differences between the unskilled and the skilled subjects were significant:· . 

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

subjects being considerably lower than that for the unskilled subjects. 
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In order to deter~.ne 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 (b) mean search 

time, i.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 variables 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 Tahle 

TABLE 7.5.3 

Correlations between detection performance measures and 
psychometric measures 

Unskilled subjects I Skilled subjects 

Accuracy I Mean time Accuracy I t1ean 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 = 0.10 

E tau = 0.18 tau =-0001 tau =··0.18 tau = 0.07 
score p = 0.07 p = 0.46 p = 0.26 p = 0.40 

I 

N tau = 0.03 tau =-0.05 tau .. mQ.J8 ··tau ~-..().49 
score p = 0.40 p = 0.36 p = 0.09 p .. = 0.04* 

Accuracy/ tau = 0.00 Accuracy/ tau = 0.36 
mean time p = 1.00 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 associated with high intelligence score, low E score 
and 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 associated with high accuracy. In 

the case of the skilled subjects there is 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 unskilled 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. 
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7.6 Summary of results 

For convenient reference summary tables of the main results of 

this experiment are given on the following pages. 



DETECTION PROBABILITY SEARCH TIME I CONFIDENCE LEVEL 

OVERALL MEANS 0,46 I 11.1 seconds 4.7 

Significant effect (p < 0.001) No significant effect. 

I 
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 (24 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 effect (p<O.OOl) I 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 mile~). Relationship (1 mile) to 12.7 secs. (4 miles). to 4.3 (4 miles). Relationship ~ 

(R) between range and detection probab- I Relationship between range and between range and confidence level 
ili ty is linear. I search time is linear. is linear. 

i (38-43 ) (82-85) ; (105-107) 

I 

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. significant 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. 
BE'IWEEN cant1y higher for the skilled 

SKIUED AND subjects .• Overall mean for the 
UNSKIUED skilled subjects is 15.8 secs., as 
SUBJECTS. compared with 11.1 secs. for the 

unskilled subjects. 

NOWE The numbers at the bottom right-hand Corner of each cell are the numbers of the relevant pages of the report. 



NxR 

HighlLow R 
SiN ratios x 

NxT 

N x Target size 

RxT 

R x Target size 

DEl'EOrION PROBABILITY 

No significant interaction 

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

No significant interaction. 

Detection probability increases 
linearly with SiN 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 SiN ratio. 

(55-60) 

Significant interaction (p < O. 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 
probabili ties are significantly 
lower for small targets at each 
range. 

(61-66) 

SEARCH TIME 

No significant interaction 

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

No significant interaction 

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

Significant interaction (P" O. Cl) 
i.e. the twelve targets are dif­
ferently affected by rangc. 

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) 

CONFIDENCE LEVEL 

No significant interaction 

No further analyses were carried 
out since in this case it was not 
appropriate to partition SiN 
ratios into high and low levels. 

Significant interaction (p <: 0.01) 
i.e. the twelve targets are differ­
ently affected by SiN ratio. 

For large targets confidence levels 
increase with increasing SiN ratio 
in a non-linear manner. For small 
targets sjN ratio has no significant ~ 
effect on confidence level. Large ~ 

I 
targets have Significantly higher 
confidence levels at each SiN ratio. 

(114-119) 

Significant interaction (p < O. :)01) 
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. 
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. 



TABLE 7.6.3 

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

correlations between the rank orders of the twelve targ~ts according to 

the four performance measures. 

I:etection Search Confidence ~1ap-briefing 

probability time level time 

I:etection 1\. tau = 0.71 tau = 0.73 tau = 0.77 tau = 0.50 

probability p < 0.01 p<.O.OOl p< 0.001 p (0.05 

"" Search tau = 0.58 
I~ 

tau = 0.63 tau = 0.80 tau = 0.45 

time p" 0.01 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. NDS. p<.O.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. All significance levels shown relate to 
two-tail tests. 

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 associated with high detection probabilities also 

tend to be associated with low search times, high confidence levels and 

low map times. These can be regarded as relatively easy targets. Con­

versely, the more difficult targets were associated with low detection 

probabilities, high search times, low confidence levels and high map 

times. In each case· the correlations involving map times are less 

significant than those for the other performance measures. For the 

skilled subjects the map time correlations fail to reach significance 

although the other measures are significantly correlated. The correl­

ations between unskilled and skilled subjects for each performance 

measure are all significant. 
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8. DISCUSSION 

The results of this experiment have been reported in detail 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 

implications arising from them. This discussion is 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 but 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 ratio on detection performance. 

8.2 The 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 subjects, 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 24 and 30 dbs levels. However, there 

was no evidence that the data were non-linear within the overall 14 - 30 

dbs range of signal/noise 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 subjects. 

These data suggest that, under the conditions investigated in this 

experiment, the critical 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/noise 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 critical 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 detail 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/noise 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 conspicuous , 

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 is the detection and recognition of the 

target itself. The difficulty of this is likely 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 parts 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 aircraft, 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 

size, the largest being an airfield and the smallest a minor .rcad/river 

bridge. Range varied from 1 to 4 miles. Other relevant factors, 

including the type of terrain, remained effectively constant. 

Tb discuss possible explanations for the effect of Signal/noise 

ratio on detection performance it 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 conspicuous 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 initial 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 reasonable to assume that the features of importance in 



-143-

geographic orientation are of a size and conspicui ty similar 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 orientation part of the overall target acquisition task is 

likely to be relatively little affected by decreasing the signal/noise 

ratio 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 mere difficult as the amount of noise increases. In 

particular, work carried out by Crook and Coules (1959) suggests that 

if the target contours are seriously degraded by visual noise then 

recognition performance will deteriorate. The overall effect is likely 

to be mere marked for targets which occupy a relatively small proportion 

of the display. Targets which occupy 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 sufficiently 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 majority 
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of the target size and range combinations gave rise to relatively 

small apparent size5. 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 is reasonable to conclude that overall geographic 

orientation is 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 also in accordance with expectation since the 

geographic orientation part of the task is liable to take up most of the 

search time. When the observer 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/noise ratio, then search 

time is unlikely to be significantly affected. Furthermore, it would 

also be expected that there would be no interaction between Signal/nOise 

ratio and either 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 7.1.1 (page 41), can be 

interpreted in relation to the above discussion. The significant perform-

ance deterioration associated with a reduction of the signal/noise ratio 

from 24 to 19 dbs suggests that the increased degradation of the display 

between these values is critical in relation to the size and conspicuity of 

essential cues to the recognition of some of the targets, Since very little 

additional deterioration in performance is observed when the Signal/noise 
'I . ' • I'. , '. / • 

ratio 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 undergo 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 ratios 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 is 

increased there would be no effect on detection performance until at 

least some of the ~jor features of the terrain could be identified. At 

this level performance would start to improve and continue to do so as 

Signal/noise 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 relati vely 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 limited 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 conditions studied. This evidence comes from a comparison of "the results 

obtained in Experiment I with those obtained in the present experiment. 

Unfortunately, the two sets of data are Dot directly comparable since 

the detailed 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 aJlXlunt 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 comparisons 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 whioh suggests that little improvement would occur if 

the Signal/noise 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 lower detection 

probabilities, Significant at each range, than photographic presentation. 

Averaged over all Signal/noise ratios, as sho~n in the results section 
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in Figure 7.1.3 (page 43) this difference was also significant at each 

range. Furthermore, there wa~ no apparent interaction between range 

and presentation mode. 

For the type of targets studied it is reasonable to conolude that 

the high levels of Signal/noise ratio are towards the upper end of the 

over~~ curve relating detection probability to signal/noise ratio, On 

the other'~and, it is not possible to determine ~e position of the 14 dbs 

level, the lowest studied, in relation to the lower end of the overall -. . ... " . -. ." '. - - .. 

ourve. Since the mean detection probability was approximately 0.36 at 

this value !t is clear that the signal/noise ratio could be further 

decreased b~fore performance reaches the ~ower asymptote. It is not 

possib!e to predict at what signal~oi6e ratio this wou+d occur for t?rget 

~ups, s~ch as the prese~t one, in which target s!~e varies oonsiderablJ'. 

More precise information can be obtained by conSidering the effects 

of signal/nols~ ratio on targets of larg~ and sma!l apparent sizes separately, 

Although the basic form of the overall curve wou!d be the same for both 

kinds of targets, with asymptotes at either end, the relative pOSitions 

of the curves along the signal/no~se ratio axis wo~ld be different, ~ge 

targets would become asymptotic to ~ero performance, and to maximgm perform­

ance, at lower 6ig~/noise ratios than fqr sma!l targets, Furthermore, 

the c~rve for large targets WOU+d level out at a higher val~e of maximum 

detection probabi~ity than that for small targets. It is possible that 

the results obtained in the present experiment arose from the combi~ed 

effects of these two different curves in the particular region of Signal/ 

no!se rat~os investigated, 

The efrect of signal/noise ratio on large and Small targets is 

shown in Figure 7.1.6 (page 58), but this claSSification of targets is 

not based on 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, 

·television presentation and photographic presentation for these targets. 

These comparisons would have given some indication of the maximum perform­

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

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

detection probability with increasing Signal/noise ratio for small targets 

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

very limited data available from Experiment I suggested that increase in 

signal/noise 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 

probability 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 ~ange on performance for unskilled subjects 

was also found in previous experiments 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 orientation and target recognition, can be considered 

separately. It seems reasonable to suppose, particularly under the 

conditions of the present experiment, that the overall geographic 

orientation task depends largely on the recognition of conspicuous 

features at relatively short ranges, 1 - 2 miles. The correct interpret­

ation of ground structure beyond these features is complicated by the 

perspective effects inherent in oblique 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 available. As range 

increases the apparent size of the target decreases (provided that the 

camera field of view is constant) and contrast is reduced by atmospheric 

attenuation. The difficulty of the target recognition task therefore 

increases rapidly 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 is 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 8.1 the 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 geographic 

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 

Analysfs 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 probabilit~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 rank 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 unskilled subjects map-briefing times were Significantly 

correlated with other performance measures. Shorter map-briefing times 

were associated with higher detection probabilities, 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. Six 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 Ill. 

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 its small size. Thus, detection performance 

associated with these targets 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 enough data were available 

to allow separate 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 probability more characteristic of those associated 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 conspicuous 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 measure, to partition the total variation 

into three components 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 between 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 detection 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 it 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 dynamic simulation study of the effect of the T.V. camera 

field of view on the detection of targets of different sizes. They 

determ1ne~for each of 15 targets, the percentage of the film frame 

(520 x 400 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 is 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 likely to be a better guide 

than ground size as to whether a target will be readily detected. 

Kause (1965) studied the effect of television picture 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 
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considerable 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 basis of classification it cannot be used 

to reliably predict detectab1lity 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 is also shown by the results of 

the present experiment in which it was found thet the detection proba­

bilities for small targets situated close to large, conspicuous features 

were similar to those for large targets. 
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8.3.3 Differences between large and small targets 

As discussed in the previous 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 Search time Confidence 
probability 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 associated with large targets accurately reflects the 

actual performance level in terms of detection probability. The 

very optimistic value for the confidence level associated with small 

targets may be due to the fact that subjects ~,ere only using the 

upper half of the scale, or it may represent a genuine over-

estin;ation of their performance. Very similar values were found for 

the skilled subjects. 
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The low value of the overall detection probability for small targets 

relative to that for large targets can be ascribed mainly to the difficulty 

of recognising targets which occupy 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 occupied, 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 conspicuous terrain features has been discussed in the previous section. 

Since 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 

conspicuous 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 occupied 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 being associated 

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 either large 

or small in apparent size depending on the range from ~lhich 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 size. 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 observed. A more extensive experiment 

in which the apparent sizes of the targets are carefully controlled in a 

quantitative manner would be required for the detailed investigation of 

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

This section is concerned with the interactions between the main 

factors studied, signal/noise 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 probabHity data 

was further analysis 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 all!:) 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 

shown by the fact that the regreSSion lines of detection probability 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 rroni tor would tend to be large at 

short ranges, 1 and 2 miles, but at long ranges, 3 and 4 miles, their 

apparent size would tend to be small. Thus one would expect 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, their apparent size on 

the television rronitor 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 ~t 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 targets 

and small targets. It can be seen that for small targets the regression 

lines are alrrost exactly parallel, indicating that small targets are 

similarly affected by range under conditions of high and low signal/ 

noise ratios. For large targets the corresponding regression lines 

tend to diverge towards longer ranges, indicating that the difference 

between high and low signal/noise ratios is greater at longer ranges. 

This is 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 I 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 fDur levels of 

signal/noise ratio were, in general, non-significant for each ",,,rform­

ance measure. The only exception to this was the significant intel""-,,,t;l.·'n 

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/ 

noise ratio detection probability was significantly lower for the small 

targets as shown in Figur~ 7.1.6, 9age 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 

botwoon 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/noise 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 towarda 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 ratios; Both explanations depend 

on the fact that range affects apparent size differently for small targets 

and for large targets, in terms of the significance of the signal/noise 

ratio effect. In 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. Firstly, 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 ratio 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/noise ratio on confidence level, also suggests 

that subjects were not accurate in assessing their own performance 

relative to the Signal/nOise 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 to determine 

the effect of range on large targets and small targets separately. In 

each case it 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 f0r 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 

much 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 conspicuous 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 diverge 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 I mile range 

the task was extremely easy and almost no overall geographic orientation 

was necessary for correct recognition of the target. Conversely, for small 

targets at the four miles 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 geographic orien­

tation and actual recognition of the target were important. 

For small targets at the 4 mile range, location of the target area 

(± 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 

-------

is 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, is 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 probabilities 

for large and small targets at this range is considerable, as can be seen 

in Figure 7.1.7, but other factors may also contribute to this. 

A different situation occurs at the 1 mile range, at which, for large 

targets the task involves only recognition, whereas for small targets some 

degree of geographic orientation with reference to features in 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 this experiment showed that there were no significant 

differences between skilled and unskilled subjects in overall mean detection 

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 thst of pilots; The experimental task was the recognition of a 

target against 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 thst of the pilots. Erickson concludes 

that, if the task does not depend on specialised pilot experience, students 

can be used to give preliminary estimates of the visual search performance 

that could be expected from pilots. 

Whilst the task in the present experiment is clearly much more closely 

related to the pilots' experience, it appears thst, provided adequate 

training is given, unskilled subjects can achieve detection probabilities 

very similar to those of the skilled subjects. However, the static nature 

of this simulation technique made the experimental task somewhat unrealistic 

in terms of the operational experience of the pilots and possibly dynamic 

experiments would reveal differences between 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 ~periment 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 ~periment 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 

oould therefore be expected that the mean search times would not be shorter 

than those for unskilled subjects. However, this does not explain why they 

wer~ in fact, significantly longer. 

~o 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 unskilled subjects) and secondly, they were 

considerably less intelligent, as measured 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 ~periment I since, although the skilled subjects were again 

older than the unSkilled subjects, they were experienced at television 

navigation and were of an average intelligence level comparable to and, in 

fact marginally above, that of the unskilled subjects. 



-166-

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 

probability was achieved at the expense of the longer 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) The overall performance of skilled subjects in terms of detection 

probability is closely similar 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 oxperience 

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. 

(b) 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. 

(c) 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 trained for the task and that the experimental procedure 

is 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 intelligence scores and accuracy scores, i.e. the 

proportion of correct detections made by Gach 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 implications 

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

The performance measures used in 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 probability results can be compared with those found 

by other workers but even in this case the overall means do not correspond 

directly. In dynamic experiments it 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 probabilities 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 previously 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 conspicuous 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 involve television 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 material. 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 various results 

obtained, particularly in relation to the effect of target size 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 picture 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 indbroe that for large 

targets detection probability is 87% at 1 mile range. The gradient of the 

regression line of detection probability 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 is 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 

conditions. 

The situation is considerably more complex for small targets and 

detection probabilities appear to vary widely according to the conditions 

investigated. Again, detailed comparisons between the results of the 

present experiment and those of other workers are not meaningful since 

the experimental conditions, particularly altitude and field of view, 

varied so widely. It is obvious, however. 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 46% under conditions of high signal/noise ratio 

and only 20% under conditions of low signal/noise ratio. If the relative 

difference between these values is mantained under dynamic conditions and 

it is reasonable to suppose that this will be so, then it is clearly 

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, 

particularly as the effect of decreasing Signal/noise ratio on the detection 
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of small targets may be accentuated under dynamio 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 ft., 

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 

high 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=l mile map. 

Thus, it would be expected that in both these experiments detection 

probabilities would be higher than those 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 

similar level of visual noise, particularly if more effective briefing 

material were available. However, for very small targets whose position 

cannot be directly related to information given 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 th~t would 

be found under operational conditions. 

The results of the present experiment, considered together with those 

obtained by other workers under dynamic conditions, can thus be used to 

predict in general terms the effect of visual noise on dynamic detection 

performance. These conclusions can be summarised as follows: 

(i) There is good agreement that large, conspicuous 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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(ii) 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 likely to be 

Significantly affected by conditions of visual 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 is also likely to be important. 

(iii) 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 ~f 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 studie~24 - 30 db~. 

(;ne important area of further investigation is therefore the acquisition 

of all types of small targets, in the presence of visual noise, under 

~ynamic conditions. 
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One subject of this investigation could be to determine whether, under 

dynamic conditions, any improvement in the recognition 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 enough to justify the additional 

cost and complexity involved, except in very critical situations. 

Since it appears that, above this upper level, performance is limited 

by factors other than visual noise, then further work should be directed 

towards the improvement of performance by different means. If the critical 

factor affecting performance under conditions of noise is 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 improvanent in 

recognition performance. However, this tends to lead to increased difficulty 

in geographic orientation which is particularly important in the acquisition 

of small targets. This problem could be overoome 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 field 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 of visual noise is the type of briefing infor­

mation given. It is common practice to use a high quality target photograph, 

when 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 aid 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 is aware that the quality of the 

display he is subsequently to be presented with may be degraded. This is 

likely to be detrimental 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 displ~J 

degradation studied was a decrease in resolution, but it is certainly 

possible that a similar effect would 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 resolution 

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 to 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 clearly 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 simulaticn. 
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(b) An investigation into the effect of visual noise on (i) geographic 

orientation 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. 

(ii) Target recognition in the presence of noise could be studied by 

investigating changes in 'available range', as described by 

Gilmour (1964), as visual noise increases. 

(c) 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 noise on the display may 

tend to reduce the effects of 'terrain noise'. Thus, unwanted features 

in the display, which yield no useful information would appear to be 

masked, but the major features of the terrain, recognition of which is 

vital to correct orientation, 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~ 

(d) 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 contactns a number of references to the first 

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. 



EXPERIMENT I 

SUMMARY 
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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 probability, search time, confidence level of 

decision and map-briefing time. The experiment was based on a 7 x 7 

(targets x conditions) Latin Square design. Seven skilled pilots 

and navigators, and 21 students of comparable 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 unskilled subjects 

detection probability and search time were significantly related to 

range. The relation was linear. As range increased from one to 

four miles detection probability decreased and search time increased. 

There were significant differences between 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 also 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 technique is assessed and the results considered in relation to 

further work at present being carried out. 



EXPERIMENT I 

TABLE OF MAIN RESULTS FOR UNSKILLED SUBJECTS 

DETECTION PROBABILITY SEARCH TIME CONFIDENCE LEVEL MAP-BRIEFING TIME 

NAVIGATIONAL No significant effect. No significant effect. No significant effect. No significant effect. 
UNCERTAINTY 

I 
i 

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 in- range of the target 
probabilities fell from creased from 9.7 secs. while briefing him-
0.74 at 1 mile to 0.52 at 1- mile to 14.0 secs. self on the map). 
at 3 miles. at 3 miles. 

I j 

I tetection probabilities I Significant differences Significant differences Significant differences 
varied from 1.00 to 0.28 in mean search times between targets. but rankings on map-

TARGET for the seven targets. 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. I measures. 

i , 
I 

DIFFERENCES I ~;o significant differences, Skilled group were No significant Skilled group were 
I3E':NEEN SKILLED Overall detection pro ba- significantly faster than differences. significantly faster 

AND UNSKILLED bility was 0.59 for the unskilled group, but than unSkilled group. 
SUBJECTS unskilled and 0.61 for target rankings on search 

the skilled group. time were closely similar 
for each group. 

, , 
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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 sIN ratio values and four range conditions. Sixteen 

unskilled subjects were assigned to the matrix so that each subject saw 

each target once and once only and each sIN ratio and each range three 

times. This matrix was replicated twice using a total of 32 subjects. 

The eight skilled subjects were exposed to only two sIN 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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. UNSKILLED SUBJECTS. 

, 

Range sIN ThT',GETS 

ratio 3 14 17 16 15 13 1 20 10 6 5 9 

14 1 5 9 13 16 12 8 4 11 3 15 7 

19 2 6 10 14 15 11 7 3 9 1 13 5 
1 

24 3 7 11 15 14 10 6 2 12 4 16 8 

30 4 8 12 16 13 9 5 1 10 2 14 6 

I 
14 16 4 8 12 1 13 9 5 6 10 2 14 

19 13 1 5 9 4 16 12 8 7 11 3 15 
2 

24 14 2 6 10 3 15 11 7 5 9 1 13 

30 15 3 7 11 2 14 10 6 8 12 4 16 , 

14 11 15 3 7 6 2 14 10 16 8 12 4 

19 12 16 4 8 5 1 13 9 14 6 10 2 
3 

24 9 13 1 5 8 4 16 12 15 7 11 3 

1
30 10 14 2 6 7 3 15 11 13 5 9 1 

I 

14 6 10 14 2 11 7 3 15 1 13 5 9 

19 7 11 15 3 10 6 2 14 4 16 8 12 
4 

24 8 12 16 4 9 5 1 13 2 14 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-S/N ratio conditions as 

indicated. The order of presentation was randorn1sed in each case. This 

matrix was replicated twice. For the second replication, using a further 

16 subjects, the orders of presentation were re-randorn1sed. 
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SKILLED SUBJECTS 

TARGETS I 
Range S;N 

ratio 3 14 17 16 15 13 1 20 10 6 5 9 

14 1 8 7 6 5 4 3 2 1 8 5 4 
1 

24 2 1 8 7 6 5 4 3 2 7 6 3 

14 3 2 1 8 7 6 5 4 3 2 7 6 
2 

24 4 3 2 1 8 7 6 5 4 1 8 5 

14 5 4 3 2 1 8 7 6 5 4 1 8 
3 

24 6 5 4 3 2 1 8 7 6 3 2 7 

14 .7 6 5 4 3 2 1 8 7 6 3 2 
4 

24 8 7 6 5 4 3 2 1 8 5 4 1 

The numbers shown in this matrix relate to the 8 skilled subjects 

who were exposed to the target-range-S;N ratios as indicated. The order of 

presentation was randomised in each case. 
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APPENDIX HI 

In the detailed statistical analysis of this experiment the twelve 

targets were divided into two groups of six. The first group consisted 

of small targets, e.g. bridges, buildings, etc. The second group of 

targets consisted of targets which were either large, e.g. an airfield, 

or situated immediately adjacent to a large conspicuous feature, e.g. 

a station immediately adjacent to a large pond. Since recognition of 

the conspicuous feature greatly facilitated detection of the adjacent 

target, it 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 INl'O TWO GROUPS 

SMALL TARGETS 

Number Name Description 

1 Aldershot Garrison Church A church situated in a dense 
bUil t-up area, interspersed 
wi th woodland. 

5 Wellington Monument A white obelisk situated in 
woodland. 

! 
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 
Eordon 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 
buil t-up area. 

LARGE TARGEl'S 

9 Odiham airfield An airfield situated in open 
country. 

14 Frensham Pond A large conspicuous pond 

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

* A small station on a long 3 Fleet Station 
straight stretch of railway 
and adjacent to a large pond. 

* Rail/road bridge 10 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 conspicuous wood. 

* The asterisk indicates targets which are close to large 
conspicuous features. 
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APPENDIX rv 

This appendix shows the detailed results 

of the Logit analysis of the detection probability data 

carried out by Frofessor P. Armitage of the Department 

of Medical Statistics and Epidemiology, London School 

of Hygiene and Tl'opical Medicine, who wrote the following 

report. 
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Logit analysis of detection probability data 

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

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

account is taken of subjects. The independent variables are: 

Xl = 1 for all observations 

x
2 

1 for target 3. otherwise 0 

1 .. .. 14 • .. o 

1 .. .. 17. .. o 

1 .. .. 16 • .. o 

1 .. .. 15. .. o 

= 1 .. o .. .. 13, 

1 .. .. 20, .. o 

= 1 .. o .. .. 10, 

1 .. .. 6 • .. o 

1 .. .. 1, .. o 

1 .. .. 5, .. p 

(X2 to x12 thus represent comparisons of each target with target 9. Note 

that targets are used in a different order from that on the data sheets, 

due to a confusion in punChing instructions). 

-3 for 1 mile 

-1 for 2 miles 

1 for 3 miles 

3 for 4 miles 

1 for 1 mile 

-1 for 2 miles 

-1 for 3 miles 

1 for 4 miles 

X15 = -3 for S;N ratio 14(dbs) 

-1 for S;N ratio 19 If 

1 for S;N ratio 24 .. 
3 for S;N ratio 30 .. 

X13 represents linear range 
effect 

X
14 

represents quadratic 
range effect 

x15 represents linear noise 
effect 
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X16 = 1 for SIN ratio 14(dbs) 

-1 for SIN ratio 19 " x16 represents quadratic 

-1 for SIN ratio 24 " noise effect 

1 for SIN ratio 30 " 

x
17 

= x13 X x15 (Linear range X linear SIN ratio interaction) 

x
18 

= xl3 X x
l6 

(Linear range X quadratic SIN ratio) 

x19 = x14 X x15 (Quadratic range X linear SIN ratio) 

x
20 

= x
14 

X x
16 

(Quadratic range X quadratic SIN ratio) 

The regression coefficients, with standard errors, are as follows. 

Numbers in brackets are nUlllbers of suocessea out of 32. 

+ -O.llS + bl = 0.93 - 0.25 b13 = - 0.Ge9* 

Target b14 = 0.066 :!: 0.063 
3 b

2 
-0.22 + 0.34 (25) = 

14 b
3 

-0.31 + 0.33 (24) b15 = 0.103 + = - - 0.029* 

17 b4 -1.29 + 0.32* (11 ) b16 = -O.OlO :!: 0.062 = -
16 b

5 
-0.40 + 0.33 (23) = -

15 b6 = -1.21 + 0.32* (12) b
17 

+ - = 0.002 - 0.013 

13 b
7 

-1.64 + 0.34* (7) blS 0.027 :!: 0.02S = - = 

20 bS -0.64 + 0.32(*)(20 ) b
19 

= 0.022 :!: 0.02S = -
10 b

9 
-1.21 + 0.32* (12 ) b20 = -0.OS5 :!: 0.063 = -

6 blO = -2.1S :!: 0.41* (3) 

1 bll = -1.86 -: 0.36* (4) 

5 b12 -1.37 + 0.33* (10) = -

9 (27) 

Asterisks denote coefficients more than twice their standard errors. 

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

explained below, and this affects the status of bS. 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 ranked respor~es (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 b
13 

and b
15

, representing the linear effects of 

range and sjN 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 sjN ratio 
1 58 14 dbs 36 

2 48 19 It 37 

3 37 24 It 52 

4 35 30 It 53 
2 

The '\. index based on a comparison of observed and expected frequencies 

(out of 2) after fitting all the variables gives 213.1 on 192-20 = 172 d.f. 

(.Ol<P < .02). This suggests some lack of goodness of fit of the model, 

al though the validity 
. ,,2 ' 

of the~, -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 sjN ratio (which over the observed range of 

conditions would probably produce a curve suggesting upper and lower 

asymptotes) • 2 The contributions to "f,. 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 
sjN ratio 19 dbs 

Subjects may account for some of the residual variation. 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 ,j (213.1/172) = loll, 

i.e. by about 11%. 
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SUMMARY 

This report describes the fifth in a series of experiments 

intended to investigate performance at a static ally simulated target 

detection task. The main aim of this experiment was to obtain 

detection performance data under paced conditions in which search 

time, i.e. the time the subject was allowed to view the phcto-

graphic display, was limited to (a) 10 seconds, and (b) 5 seconds. 

21 unskilled subjects were assigned to each of these conditions, 

in a replicated Latin Square experimental design. In a subsidiary 

experiment a limited amount of data ~ 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. 

were: 

The main results obtained from the analysis of these data 

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

(ii) The overall detection probabilities achieved in each 
of the paced search times were higher than the 
cumulated probabilities achieved in the corresponding 
times under unpaced conditions. Further analysis 
indicated that there was a definite relationship 
between paced and unpaced performance. 

(iii) Both detection probability and mean confidence 
level were linearly related to range (1-4 miles) 
but in each case there was no significant inter­
action between range and search time. 
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1. INrRODUCTION 

The experiment described 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 oblique aerial 

photographs, showing the target and surrounding terrain. Four 

photographs, taken at different ranges, were available for each target. 

In the previous experiments in this series the subjects had. been 

instructed to carry out the detection task as quickly as possible, 

but no fixed limit had be€n imposed on the length of time they 

searched the display. Under these unpaced conditions a wide range 

of search times had been recorded, the longest being 56 seconds. 

Whilst these experiments ~rere of value in indicating the conditions 

under which longer search times were required, two important questions 

arose: 

(a) To what extent \~ould 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 times 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-spee~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, numerous 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 either a dependent or an independent variable. In the first case 

the subject 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 

quickly 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 is abandoned if no response has been made. 

If search time is 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 available 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, 

is most commonly employed. The following two examples are typical 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 conditions. 

Baker, Morris and Steedman (1960) studied the speed and accuracy 

of the recognition of complex forms displayed against a 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 searcb 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 according 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 thos9 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 

JohnstJn (1968) who used search time and recognition probability as perform­

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 range~ together with the surrounding terrai~was 

presented to subjects by means of a closed-circuit TV used in conjunction 

with a terrain model. Under these conditions the results showed reliable 

differences in target recognition time and probability as a function of 

resolution and slant range. Under conditions in which the subjects were 

also allowed an external cockpit view of the terrain model the number of 

shades of grey. and several of the interactions between factor~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 terrain scene displayed. 

The second technique, treating search time as an independent variable 

and studying the effect of different fixed times, has also been used for 

both abstract and realistic visuaLsearch 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 I struntforms I • The number of background forms and 

the contrast levels were the two other variables studied. The motivation 

of the subjects was maintained 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 

experiments indicated that N, the number of background objects, and t, the 

search time appeared to be interchangeable, For example, it was found 

that if a performance level of p was obtained when N = 64 and t = 3, 

approximately the same value of p was obtained 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 reconnaissance situations Boynton points out that much 

field work would be necessary to determine what types of terrain complexity 

would correspond to various values of N, and what would be the effect of 

oblique as opppsed 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 either in a series of discrete, static steps 

or it was moved continuously at such a speed that the time taken for the 

target to move across the field of view was the same as the exposure tl~~ 

for the static display. The variables investigated were display size 

and ground coverage (2 levels each), target characteristics (4 types) 

and exposure times (10, 20 or 40 seconds). This experiment was of a 

rather different nature in that the task could be completed in these 

exposure times and the time taken to find the target from the time it 

first appeared was recorded and analysed. The 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 loc~tQ 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 static displays. 
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This difference in acquisition time favouring the moving display increased 

as the observation time increased, or as the targets became more difficult 

to find because of varying display and image factors. These results are 

discussed in terms of possible differences in search patterns for the 

moving and static displays. 

The effect of limiting the time available for search on visual search 

patterns has been studied by Richman, Ehoch and Fry (1958). This experiment 

compared the performance of two groups of subjects searching for a Landolt C 

against 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 since 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 that 

under the paced conditions there was a tendency for the targets to be found 

more quickly than in the corresponding trial under the unpaced conditions. 

Analysis er 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 again 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 initial 'orientation' 

phase of search. The results also showed that as fixation time decreased, 

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 probability of. locating the target is shown to depend on two factors, 

target conspicuity (C), which is defined as the rate at which the observer 



r 
- 0 -

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 
-C/R 

can then be written: 

P (T) = 1 - e 

If the total time available for the task were reduced, it is likely 

that the subject 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 if 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 values of 

t ss ' the single-scan time and Pss' the single-scan acquisition probabiltty. 

Determination of these values is 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 only on visual search but also on a knowledge ,obtained from a 

map or other 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 js 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 values for t and p , ss ss 

and therefore the search model is not appropriate for detection tasks of 

the type studied in the present experiment. 



- 7 -

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 also 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 

tasks but 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% 

success rate for both the 'search' and 'no search' conditions. The paced 

condition was studied only in association with the 'search' condition and 

it was found that performance deteriorated as the time allowed per item 

was reduced. The relationship was approximately linear. 

Although it is 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 relev!l.nt search 
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times were recorded. Under dynamic conditions a similar 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 achieved under 

the dynamic condition at each speed were compared with the cumulateq 

probabilities achieved in the corresponding times under the static, 

condition. For instance, under the static condition 81% of the targets 

were found in 2.9 seconds or less. Under dynamic conditions when the , 

target was in the field of view for 2.9 seconds (5 deg/sec. speed1 7~% 

of the targets were found. These two probability values are very close, 
i 

as were those for the 7 deg/sec. speed. When the target was in the 

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 studied in the present expe~iment 

involved some degree of information-processing in addition to visual 

search, the effect of pacing on performance of a mental task is also 

worth noting. Gosney (1959) studied a simple mental task in which the 

subject was required to sum a sequence of twelve digits 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-digit sequences correctly 

summed occurred. 

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 available 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 aircraft 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 conditions studied, would be almost at 

the bottom of the television display and would subsequently (lisappear 

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 available 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. Since 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 sequence 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 static 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 



---------------

- 10 -

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 situat10n in which 

the observer would have a continuous view of the target as the aircraft 

approached. 

Since it 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 stud1ed 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 11ttle 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 pilots and students had taken part in Experiment I 

and the results had shown that, although there were no differences in 

the overall detection probabilities achieved by the two groups, the 

search times for the skilled subjects were substantially shorter than 

those for the unskilled subjects. 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 given a considerable amount 

of training, the detection probabilities achieved under paced conditions 

in the present experiment are unlikely to be as high as they would have 

been if skilled subjects had been used. 

Under paced conditions, although the maximum search times were fixed 

as described above, two alternative experimental procedures were possible: 

(i) The subjects could be allowed to respond before the 

maximum time if they wished, and the actual search times 

taken under each condition recorded. In this way a 

range of search times up to and including the maximum 

would be obtained •. and thus a cumulative probability 

curve oould ba plotted for each paced condition. 

(ii) The subjects could be told to respond only after the 

maximum· search time allowed had elapsed. In this way 

a single detection probability value representing the 

cumulated probability 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 probabilities 

achieved but for the longer paced times the first approach would have 

provided more detailed 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 

taohistoscopic presentation technique was used, it 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. lhus, only an overall det-

ection probability value was obtained 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 little 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 subject might correctly detect a target but fail to report 

it through uncertainty was eliminated. Under unpaced conditions the sub-

jects had been allowed to make 'don't knOw' responses but they were dis-

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. Both these decisions as to experimental procedure 

are considered further in the t[scussion (Section 8). 

Since this study is concerned primarily with the 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 is detected when a signal which could be the 
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target is noticed in the field of view; it is recognised as one of a 

certain class of objects; it is finally identified as a particular object 

within that class. If the exact pOSition of the target is known in relat~on 

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 

~v be virtually simultaneous with recognition. 

The nature of the task studied in the present series of static experi­

ments did not lend itself to this terminology as the observer waS asked to 

locate the target in photographs taken obliquely from different ground ranges 

(1 - 4 miles). At short ranges most of the targets could be recognised ~ 

identified from the information shown on the map. For the large targets this 

was also possible at the longer ranges, but at these longer ranges the small 

targets were not recognisable and in some cases not detectable. However, it 

was still possible for the exact position of these targets to be located qy 

reference to the conspicuous features in the field of view whose position, 

relative to that of the target, was known from the map. This eeographic 

orientation process could enable a subject to correctly designate 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, and detection, recognition and identification of the actual tar­

get would become possible at successive stages along the approach route, 

Under the static conditions of this study, when a subject correctly 

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 

detection task as rapidly as they could and to respond when 

they were ready to designate the target in the photographic 

display. Under these unpaced condi tions 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 obtained were 5 seconds and 10 seconds, 21 unskilled 

subjects being assigned to each of these conditions. In a 

subsidiary experiment a small" amount of data, on detection 

probabilities only, was obtained relating to search times of 1 

second and 2.5 seconds. 

The main reasons for studying detection performance under 

paced conditions were to determine: 

(a) To what extent, if any, the proportion of targets 

correctly detected decreased with a reduction in the time 

allowed for searching the display. 

(b) 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 in<;luding 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 give some 

indication of the relationship between unpaced and paced performance. 
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3. EXPER"tMENTAL DESIGN 

The essential requirement of the statistical design of this 

experiment was that it should allow the data obtained under paced 

conditions to be directly compared with those obtained in 

Experiment I under uopaced conditions. This necessitated the 

adoption of a Latin Square design similar to that used previously, 

based on seven targets and seven conditions. These seven conditions 

arose from two conditions of navigational uncertainty (± 1 mile and 

± 2 miles), the first being associated ~Iith three ranges (1, 2 and 

3 miles) and the second w1 th 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 shown in 

Appendix IT. The appropriate target/condition combinations were 

presented to each subject in random order. In 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 short search time 

conditions (1 second and 2.5 seconds). 

The experimental material available was not sufficient to 

allow these subject 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 

I . 
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 availabte and the 

necessity of obtaining results comparable to those from Experiment 

I precluded any substantial changes. The most serious 

disadvantage of the design was that the two conditions of 

nav1gatione~ uncertainty were associated with a different number 

of range"qondi tions. Therefore the experiment 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 1 - 3 

miles. This meant that the range 4 miles data had to be excluded 

fro~ the analysis of variance, and in subsequent analyses the lower 

number of readings for this range had to be taken into account. 

Since no differences between the uncertainty conditions had been 

shown in Experiment I, the possibility of excluding the ~ 1 mile 

uncertainty to allow a more complete analysis of the range factor 

was considered, but the idea 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 series 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 auditory signal to be presented after the subject 

had viewed the photographic display for the specified time. In the 

main part of this eKperiment the time intervals used under these 

paced conditions were 5 seconds and 10 seconds. 

The interval timer was incorporated into the cirouit in such a 

way as to leave intact the mechanism for printing out the time 

interval between the operation of the 'start' and 'stop' butto~, 

which had previously been used to measure search time. In the present 

experiment the 'start' button activated the interval timer, in addition 

to illuminating the display and starting the Decatron timer, as 

previously. Immediately after the auditory signal which indicated 

the end of the specified search period the subject 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 out the target. In.this way it was possible 

to ensure that this response time was kept to a realistic minimum, 

approXimately I 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 ~ps 

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 data 

relating to very short search time conditions. The equipment 

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 

tachistoscopic presentation technique was used. A laboratory 

tachistoscope was set up so that the photographs could be displayed 

under appropriate conditions of illumination and viewing distance, 

and it was adjusted to allow an exposure time of exactly one second. 

Before and after the exposure of the photograph a fixation field 

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 is given 

here. The photographic material consisted of a series of 8" x 8" 

aerial photographs taken from an altitude of 2000 ft. with a camera 

o 0 field of view of 50 x 50. For display purposes these photographs 

were masked so that only a central portion 4.8" x 3.6" was shown 

representing a camera field of 300 (horizontally) x 22t°(vertically). 

In each case the horizon appeared 1\:" below the top of the displayed 

o portion, the depression angle of the camera beins.10. For each 

of the 18 targets there were four photographs taken at ranges of 

4, 3, 2 and .. l mile respectively along an approach route. The maps 

were 61\:"x 61\:" sections of the 1" c 1 mile Ordnance Survey map, 

Sheet 169. Each map showed the target position and surrounding 

terrain and the l1mi ts of the aircraft IS 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 similar 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 display and all 

further practice took place under the appropriate condition. 

Each subject was tested individually and the session lasted 

approximately 3 hours. Preliminary tests of intelligence (Heim's 

A.H.5 test), personality (Eysenck personality inventory) and memory 

(digit-span test) were carried out. This took approximately It hours. 

Training and practice at the detection task took a further ~ hour. 

The subject was then shown how to operate the display and recording 

apparatus and a series 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 given a further 

opportunity to do so. 

Finally, a series of eleven targets was presented during which 

the subject 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 

(c) map-briefing time. In addition, a continuous chock was made 

to ensure that the time spend by the subject in pointing out the 

target after the specified search period was kept to a minimum. 
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6.2 Subsidiary experiment 

Two subsidlary 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 practice related to the 

2.5 second search time. 

The procedure adopted in the case of 1 second search time was 

modified since in such a limited search time it was not likely that 

subjects would be able to make use of the detailed information shown 

on the maps. It was thought that in the time available subjects 

would only be able to make a rapid decision as to whether the target 

was clearly and conspicuously present, or whether it was not. For 

this reason subjects were not shown the maps but were 'simply'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 avoid 

confusion care was taken to ensure that the description given uniquely 

described the target. No detailed 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 Cl" could 

not detect the required target. A 'yes' response was checked by 

asking the subject to indicate the target in the photograph after it 

had been removed from the tachistoscope. In general 'yes' responses 

only occurred for very obvious targets. The only information recorded 

in this experiment was whether or not the target \'Ias correctly detected. 
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7. EXPERIMENl'AL 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 obtained 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 conditions, designated T5 and TlO' and one 

unpaced condition, designated T. Throughout this analysis the 
u 

differences in detection performance due to differences in these 

search conditions are emphasised. Other aspects of the data, e.g. 

differences between individual targets, correlations between 

performance measures etc., are similar to those found in previous 

experiments and are not analysed in detail. 

Under the two paced conditions used in this experiment search 

time was an independent variable, rather than a performance measure 

as in previous experiments. In the data from Experiment I, the 

unpaced search times varied over a wide range and it was not thought 

to be realistic to take a mean value as representative of the search 

time for this condition when relating the data to those obtained 

under paced conditions. The detection probability and confidence 

level measures from Experiment I have therefore been plotted 

cumulatively against search time for comparison purposes. 

In the following sections the effects of the main 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 map-briefing time. 
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7.1 Detection probability 

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 

sliown. The analysis of variance 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 previously, and they are not 

further considered in this section. In the analysis shown in 

Table 7.1.2. the data relating to the range 4 miles condition 

~ 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 logit analysis has been carried out on the detection 

probability data obtained in this experiment since in three 

previous experiments it had been shown that, in spite of the 

quantal nature of the data, there were no substantial differences 

between the results of the Logi t analysis and those obtained from 

conventional analysis of variance techniques. 

In the remainder of this section the effect of the main 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 probability data for the three search time conditions. 

Search time: S seconds (TS) 

Uncertainty 1 

Range (miles) 
Target 1 2 

3 1 1 0 1 1 1 

14 1 1 0 1 1 1 

17 1 1 1 0 0 0 

16 1 1 1 1 1 1 

IS 0 0 1 1 0 0 

13 0 0 0 1 0 1 

1 0 0 1 0 0 0 

Search time: 10 seconds (T10 ) 

Uncertainty 1 

Range (miles) 
Target 1 2 

3 1 1 1 1 1 1 

14 1 1 1 1 0 1 

17 1 1 1 0 1 0 

16 0 1 1 1 1 1 

1S 0 0 0 0 0 1 

13 0 1 0 1 1 1 

1 1 0 0 0 0 0 

Search time: unlimited (T ) 
u 

1 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

Uncertainty 1 

Range (miles) 
Target 1 2 

3 1 0 1 1 1 1 0 

14 1 1 1 1 1 1 1 

17 1 1 1 1 1 0 1 

16 1 1 1 1 1 1 1 

IS 1 1 0 1 0 0 0 

13 1 1 0 1 0 0 1 

1 0 0 0 1 0 0 0 

1 = correct response 

3 

1 1 

1 1 

0 0 

0 1 

0 0 

0 0 

0 0 

3 

1 1 

1 1 

1 0 

1 1 

0 0 

0 0 

0 0 

3 

0 0 

1 1 

1 1 

1 1 

0 0 

0 1 

0 0 

Uncertainty 2 

Range (miles) 
1 2 3 

1 0 1 1 1 1 0 0 1 0 

1 1 1 1 1 1 1 1 1 1 

1 1 1 0 0 0 0 0 0 0 

0 1 1 1 0 1 0 1 0 1 

1 0 0 0 0 1 0 0 0 0 

1 0 1 0 0 1 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

Uncertainty 2 

Range (miles) 
1 2 3 

1 0 1 1 0 1 1 0 1 0 

1 1 1 1 1 1 0 1 0 1 

1 1 1 0 1 0 0 1 0 0 

1 1 1 1 1 1 1 1 0 0 

0 0 0 0 1 1 1 0 0 0 

0 1 0 1 1 1 0 1 0 0 

0 0 1 0 0 0 0 0 0 0 

Uncertainty 2 

Range (miles) 
1 2 3 

1 1 1 1 1 0 1 1 0 0 

1 1 1 1 1 1 1 1 1 1 

1 1 1 0 0 1 0 0 0 0 

1 1 0 1 1 1 1 1 1 1 

1 0 0 0 1 0 1 0 0 1 

1 0 1 1 0 0 1 0 0 0 

1 1 0 1 0 0 0 1 0 1 

o = incorrect response 

-

4 

0 0 

1 1 

0 0 

0 1 

0 0 

0 1 

0 0 

4 

0 1 

0 1 

0 0 

1 1 

0 0 

0 0 

0 0 

4 

1 1 

0 0 

0 0 

1 0 

1 0 

0 0 

0 0 
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TABLE 7.1.2 

Analysis of variance on the detection probability data shown in Table 7.1.1 

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

Search times(S) 2 1.47 0.73 4.70(c) p < 0.01 
Ranges (R) 2 3.37 1.69 1O.&l(c) p<.O.OOl 
Uncertainties (U) 1 0.13 0.13 - N.S. 
Targets (T) 6 27.46 4.58 29.32(c) p< 0.001 

S x R 4 0.36 0.09 - N.S. 
SxU 2 0.04 0.02 - N.S. 
S x T 12 1.68 0.14 - N.S. 
RxU 2 0.26 0.13 - N.S. 
RxT 12 5.89 0.49 3.14(c) E< 0.001 
UxT 6 0.89 0.15 - N.S. 

SxRxU 4 0.26 0.06 - N.S. 
SxRxT 24 5.16 0.21 1.38(b) N.S. 
SxUxT 12 1.78 0.15 - N.S. 
RxUxT 12 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 detection probabilities for each of the search time 

conditions, 5 seconds (T
5

), 10 seconds (TIO ) 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 TIO 
T 

u 

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 probability increases with increasing search time. 

The difference in detection probability between the T5 condition 

and the T condition is significant at the 1% level. The other 
u 

differences, i.e. those between the T5 and TIO conditions and the 

TIO and Tu conditions, Just fail to reach the 5% level on a one­

tail t-test, (0.05< p< 0.10). 

Under the unpaced condi tion, T ,the search times ranged from 
u 

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 probability data with those obtained under the two paced 

conditions, T5 and TIO • In Figure 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 regions, one corresponding to 

decisions made correctly, one corresponding to decisions made 
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FIGURE 7.1.1 

The effect of search time on detection probability under paced 

and unpaced conditions 
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inoorrectly, and the third are~which is shaded, representing those 

presentations for which at any given time no response had yet been 

made. Superimposed on these cumulative curves are histograms which 

show the detection probablli ties achieved under the paced conditions, 

T5 and TIO • At the end of the paced search times the subjects were 

required to make a response. Therefore, under these conditions, a 

correct or an incorrect response was recorded for each presentation and 

there was no region corresponding to 'no response' outcomes. 

It can be seen in Figure 7.1.1 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 condition. The 

relevant values are tabulated in Table 7.1.4. In each case the differ-

ence between the paced and unpaced values is highly significant. This 

table also shows the percentage improvement under paced conditions 

which is almost twice as great for the T5 condition as for the TIO 

condition. This difference reflects the fact that under unpaced con-

ditions the proportion of targets correctly detected in 5 seconds or 

less is so low that there is much greater scope for improvement. 

TABLE 7.1.4 

Detection probabilities under paced and unpaced conditions • 

Maximum search Condition % improvement 
time Paced Unpaced in detection 

5 seconds 0.45 0.25 So.O 
10 seconds 0.52 0.37 40.5 

Unlimited - 0.59 -

These results also indicate that subjects are capable of respond-

ing more quickly 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, 0.45, achieved under the T5 paced 

condition was only obtained after 13 seconds under unpaced conditions. 

It 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 

available relating to the performance of skilled aircrew under paced 

condi tions. The final level of performance achi eved under unpaced 

conditions is higher than that achieved under the paced conditions 

although the difference between the T
10 

and Tu conditions is relatively 

slight and it appears that under the unpaced conditions performance is 

reaching an asymptote. 

It can be seen in Figure 7.1.1 that, under unpaced conditions, 

at any given time a certain proportion of targets had been correctly 

detected, a certain proportion had been incorrectly detected and no 

decision had been made about the remainder. Decisions made under the 

TS and T10 paced conditions can be regarded as being made up of a 

certain proportion of decisions which were also made within S seconds 

or 10 seconds respectively under unpaced conditions and a certain 

proportion of 'forced' decisions, i.e. decisions which the subject would 

not have chosen to make at or before the relevant time under unpaced 

conditions. It is therefore pertinent to determine what proportion of 

these forced decisions 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 expressine, 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: 

p - P cpt cut 

where: It = the value of I for a particular search time, t. 

Pcpt = the probability of correct detection in a paced 
search time of t. 

the probabilities of correct and incorrect 
detections respectively, in time t seconds 
or les~under unpaced conditions 
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Calculations "howed that the value of I5 was 0.284 and the 

value of I
IO 

was 0.286. The close agr""m"nt between those two 

values suggested tile possibility that this measure might be constant 

over the entire time scale under consideration. If this 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 achieved ~lder any ~articular paced 

condition. These values are shown by the dotted line 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 achieved in a 

particular ti!lle under paced condi tions. For instance, for a 

condi tion of 15 seconds paced search time the pI'e<iict.ed 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 T condition (0.59) \~ould be obtained in a paced 
u 

time of 20 seconds. It can be seen that the predictive curve is, 

by the nature of its calculation, asymptotic to the same overall 

detection level 8A was obtained under the unpaced conditions. This 

is reasonable since there is no evidence to suggest that performance 

would be any better if all displays were presented for the maxim~!ll 

time 55.6 seconds, rather than allowing subjects to choose for them-

selves when to respond within that time limit. 

It is clearly only possible to predict detection probabilities 

under paced condi tions in this way if the value of I remains 

effectively constant within the range of times under consideration. 

Two subsidiary experiments, described in the following section, Nere 

carried out to determine detection probabilities for paced search 

times of 1 second and 2.5 seconds respectively, and hence to obtain 

further estimates of I. These very short search times were chosen 

since it is in this region of the time scale that large differences 

in detection probability would be expected to occur. 



- 30 -

7.1.2. The effect of very short search times on detection probability 

In view of the results described in the previous section 

it was of interest to determine the overall detection 

prorabilities that could be achieved in very short search times 

(1 second, 2.5 seconds) under paced conditions. These conditions 

are referred to as Tl and T2 •
5 

respectively. Only seven 

subjects were used for each of these subsidiary experiments 

and therefore only one value per cell was obtained, as compared 

with three values per cell in the main experiment. The results 

cannot therefore be regarded as having the same reliability. 

For this reason no detailed analyses were carried out on these 

subsidiary data. They were used only to obtain an estimate 

of overall detection probability under these conditions. 

Under the T conditions no detections were made in less 
u 

than 1.2 seconds. Therefore in a paced search time of one 

second all the decisions can be regarded as 'forced', i.e. the 

subjects would not have chosen to make them at this time under 

unpaced conditions. The overall probability Of correct detection 

under the Tl paced condition will therefore be equal to I
l

, as 

defined in Section 7.1.1., if it can be assumed that the 

relationship remains valid for times of less than 1.2 seconds. 

This appears to be a reasonable assumption since, 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 is consistently higher than 

that under unpaced conditions. Therefore one would expect that 

some correct detections would be made in a paced time of one 

second. 

This experiment was carried out using a tachistoscopic present-

ation technique which allowed the target photographs to be displayed 
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for exactly one second, as described in Section 4.2. The normal display 

and timing apparatus was used to determine the overall detection probab-

ility under the T2 •
5 

condition, and hence to obtain a value for 12 •
5

, 

The raw data obtained in these experiments is shown in Table 7.1.5. 

TABLE 7.1.5 

Detection probability data for short search time conditions 

Tl T2 •5 

Uncertainty 1 Uncertainty 2 Uncertainty 1 Uncertainty 2 

Target Range (miles) Range (miles) Range (miles) Range (miles) 

1 2 3 1 2 3 4 1 2 3 1 2 3 4 

3 0 1 0 0 0 0' 0 1 0 0 1 0 1 0 

14 1 1 1 1 1 1 0 1 1 1 1 1 1 0 

17 1 0 0 1 0 0 0 1 1 0 1 1 1 0 

16 1 0 0 1 1 0 0 1 1 1 1 1 0 0 

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13 0 1 0 1 0 !) 0 1 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TIle overall detection 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 probability value obtained for the T2 •
5 

condition (0.41) 

is linearly related to those obtained for the TlO and T5 conditions, 

(0.52 and 0.45 respectively) but the value for the Tl 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 Tl and T2 •
5 

conditions than had been achieved 

in the corresponding times under the T unpaced condition. The value 
u 

of I l , 0.286, agrees very closely with the values of I5 and I 10 

determined for the T5 and T10 conditions respectively. Indeed, this 

agreement is much closer than would be expected in view of the limited 

amount of data available. for the Tl condition. 

The calculated value of I 2•
5 

is 0.33 which i6 rather higher than 

the other values. This high value reflects the fact that the detection 

probability achieved under the T2•
5 

condition (0.41) is higher than the 

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 T2 •
5 

condition appears to be due to an 

unexpectedly high value for Target 17 (0.72). In spite of this dis-

crepancy the results suggest that, under the conditions of this 

experiment, the value of I remains effectively constant within the 

range of search times considered. This possibility is further considered 

in relation to large and small targets in Sections 7.1.4 and 7.1.5. 



- 33 -

7.1.3 The effect of range on detection probability. 

The analysis of variance given in Table 7.1.2 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 is no significant interaction between 

range and search time, i.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 7.1.7 

Detection probabilities at each range for each search time condition. 

Search time Range (miles) 
condition 

1 2 3 4 

T5 0.59 0.52 0.31 0.29 

TIO 0.62 0.64 0.45 0.24 

T 0.74 u 0.62 0.52 0.38 

Mean 0.65 0.59 0.43 0.30 

The difference between any pair of values in the main 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 range 

condition, 0.21. Inspection of Table 7.1.7 shows that, within any 

one range, differences between detection probability values for the 

three search time conditions fail to reach significance. Within any 

one time condition, differences between detection probabilities for 

1 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 detection 

probability means averaged over the three conditions T
5

, TIO and Tu' 

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 individually. The 

data shown in Table 7.1.7 are plotted in Figures 7.1.2 - 7.1.4. 

together with the regression lines of detection probability on range 

for each of the three conditions. It can be seen that the relationship 

between range and detection probability is closely linear for both 

the T5 and the Tu conditions but that in the TIO 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 

Regression analysis of range variation for each search time condition. 

Search Source D.F. S.S. M.S. V.R. Significance time 

Range 3 2.51 0.84 5.37 p<0.005 
T5 Linear re~ession 1 2.28 2.28 14.61 p<'O.OOl 

Deviation 2 0.23 0.12 - N.S. 

Range 3 2.90 0.97 6.20 p <.0.005 
TIO Linear regression 1 2.31 2.31 14.83 p < 0.001 

Deviation 2 0.59 0.28 1.79 N.S. 

Range 3 2.06 0.69 4.31 p <.0.01 
T Linear re~ession 1 2.04 2.04 12.75 p (0.001 u Deviation 2 0.02 0.01 - N.S. 

* 0.16 RESIOOAL 252 

NOTE The reSidual variation against which the mean square values have 
been-tested was taken from the analysis of variance shown in Table 7.1.2. 
It can be regarded only as an estimate of the reSidual variation 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 variation remains almost constant in different sets of data and 
is not affected by the inclusion of the 4 mile range condition. (b) The 
separate analyses of variance on the T , T and T (ranges 1 - 3 miles) 
data gave residual variation values whiCh a2dnot udiffer significantly 
and it was therefore appropriate to use a pooled value. 
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FIGURE 7.1. 2 

The effect of range on detection probability under the 

5 second paced condition (T5) 

Equation of the regression line: 

Y = 0.72 - 0.12 X 

).0t-------------------~------------------~------------------r_---------------~ 
o 1 2 3 4 miles 

RANGE 
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FIGURE 7.1.3 

The effect of range on detection probability under the 

10 second paced condition (Tlol 

Equation of the regression line: 

y = 0.80 - 0.12 X 

1.0 ~ ______________ ,-______________ -. ______________ ,-____________ ~ 

o 1 2 3 4 miles 
RANGE 
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FIGURE 7-.1. 4 

The effect of range on detection probability under the 

unpaced condition (Tu) 

Equation of the regression line: 

Y = 0.85 - 0.11 X 

).o+------------.------------,-----------~._----------~ 
o 1 2 3 4 miles 

RANGE 
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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 is consistent with the 

results of the analysis of variance given in Table 7.1.2. Which 

shows that there is also no overall interaction between the range 

and search time conditions. Thus, although it might have been 

expected that the detection 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 conditions 

does not reach significance for each range value on the number 

of readings available but Figure 7.1.5 shows clearly that there 

is a consistent trend of lower detection probability with reduced 

search 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. 

Equations of the regression lines: 

Tu y = 0.85 - 0.11 X 

TlO y'= 0.80 - 0.12 X 

T5 '1'= 0.72 - 0.12 X 

T5 

O;O;--------------.-------------,--------------r-------------, 
o 1 2 3 4 miles 

RANGE 
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7.1.4 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 confirmed 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. 

TABLE 7.1.9 

Detection probabilities for targets under each search time condition 

T5 TIO T u 
Target Detection Detection Detection 

probability Rank probability Rank probability Rank 

14 0.95 1 0.81 2 0.90 It 

3 0.67 2i 0.71 3 0.67 3 

16 0.67 2i 0.86 1 0.90 It 
17 0.33 4 0.52 4 0.57 4 

13 0.29 5 0.43 5 0.lf3 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 oorrelation between 

these ranks was 0.98, a highly significant value as l10uld 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 
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differences between the Tu and TIO conditions no value reaches 

the 5% level although that for Target 1 (0.19) is very close to 

it. For the differences between the Tu and the T5 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. In spite of these low signif,icance levels it can be 

seen in Table 7.1.9 that, apart from Targets 14 and 3, there is 

consistent trend of lower detection probability with reduced search 

time for each of the targets. Although the interaction between 

search time and targets is non-significant it 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 described in Part IV 

of this series of reports. Within each time condition there is a 

significant difference in detection probability between these two 

target groups, the mean values being shown in Table 7.1.10. 

TABLE 7.1.10 

Detection probabilities for large and small targets. 

Search time condition 
T5 TIO T u 

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 

is non-significant but within the small target group the effect 

is more marked and reaches the 5% level (one-tail 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 1s more seriously affected by reduction of search 

time than the detection of the group of large targets. 

As indicated in Section 7.1.1, it is not appropriate to take 

the overall mean search time as representative of search time under 

the T condition, and the same applies to search times for the 
u 

large and small target groups. The cumulative distribution curves 

for the probab11ity of correct, and of incorrect detection under 

the T condition are therefore plotted separately for the large 
u 

and small targets in Figure 7.1.6. As in Figure 7.1.1 the shaded 

area bounded by the two curves in each diagram represents the 

proportion of targets for which, at any specified time, no decision 

had been made. Histograms representing the proportion of correct 

detections achieved under the T
S

' and the TIO conditions are superimposed. 

The diagrams in Figure 7.1.6 show that, in general, under the 

Tu condition the large targets are detected 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 

paced conditions than are made in the same time under the unp~ced 

condition. The relevant values are shown in Table 7.1.11. 

TABLE 7.1.11 

Comparison of paced and unpaced conditions for large and small targets. 

LARGE TARGETS SMALL TARGETS 
Maximum search time 

Paced Unpaced Paced Unpaced 

S seconds 0.76 0.43 0.21 0.11 

10 seconds 0.79 0.60 0.32 0.21 

Unlimited - 0.82 - 0.42 
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The effect of search time on detection probability for large 

and small targets under paced and unpaced conditions. 
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As shown 1n Figure 7.10 6. the proportion of large targets 

correctly detected under the TS paced condition was only achieved 

after lS seconds of unpaced search time. For small targets it 

required 10 seconds unpaced time to achieve the same detection 

probability as under the TS paced condition. For both types 

of targets detection probabilities achieved under the TIO condition 

were only obtained after 18 seconds unpaced search time. 

It would not be expected that the values of I. as calculated 

from the expression given on Page28 would be the same for large and 

small targets since. as has been sho~the two groups of targets have 

very different characteristics. In particular, it would be expected 

that the I value, which can be regarded as a measure of the subJectg 

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' 

dec1 sions will be made correctly. 

It would be expected, however, that for each group of 

targets the two values of I corresponding to the S second and 10 

second search times would be approximately equal. Calculations 

showed that for large targets the value of IS was 0.61 and the 

value I IO was 0.59. For small targets the corresponding values 

were 0.12 and 0.16. The agreement between each of these pairs 

of values is fairly 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 possible to predict 

the proportions of correct detections for large and small targets 

separately which would be achieved in any specified 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 its 

asymptotic value after 10 seconds under paced conditions, whereas 

for small targets it appears that the asymptotic value would only 

be achieved after 20 seconds paced time. 

Detection probability values for large and small targets under 

the T2~5 and Tl paced conditions were derived from the raw data given 

in Table 7.1.5. As found for the T5 and TIO conditions, there was a 

marked difference 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 ±a.18) 

and, apart from the significance of the differences in detection probab­

ilities between large and small targets, no definite conclusions can 

be drawn from them. The main purpose of calculating these means 

was to determine the corresponding values of 12 •
5 

and 11 , Table 

7.1.12 shows the four I values for each group of targets. 

TABLE 7.1.12 

Values of I for large and small targets 

Large targets Small targets 

110 0.59 0.16 

15 0.61 0.12 

12 •5 0.60 0.16 

11 0.48 0.14 

The agreement within each set of four I values is reasonably 

close but it must be emphasised that the values for 12 •
5 

and 11 are 

based on very limited amounts of data. The only marked discrepancy 

occurs in the 11 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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7.1.5. The interaction between ranges and targets 

The analysis of variance given in Table 7.1.2 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 is 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 search time conditions is non-significant. It was 

therefore of interest to determine whether by grouping targets into 

large and small, as in Section 7.1.4, 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 7.1.13. 

TABLE 7. 1. 1.3 

Mean detection probabilities for large 

and small targets at long and short ranges 

Large targets(3) Small targets (4) All targets 
T5 TIO T T5 TlO T T5 TlO T u u u 

Short ranges 
I (1 and 2 miles) 0.86 0.89 0.92 0.33 0.44 0.50 0.56 0.63 0.68 

wng ranges 
(3 and 4 miles) 0.63 0.67 0.70 0.06 0.17 0.31 0.30 0.38 0.48 

All ranges 0.76 0.79 0.82 0.21 0.32 0.42 0.45 0.52 0.59 
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It can be seen that, as would be expected, detection probabilities 

are highest for large targets at short ranges and lowest for small 

targets at long ranges. Wi thin each targets/rangES block there is 

a decrease of detection probability with reduction of search time. 

Table 7.1.14 shows the difference in detection probability between 

the TIO and the Tu conditions, and between the T5 and Tu conditions 

for each block, and the levels of significance reached by these 

differences. 

TABLE 7.1.24. 

Decreases in detection 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) 

Tu-TlO T -T 
u 5 Tu-TlO T -T 

u 5 Tu-TIO T -1' 
u 5 

Short ranges 0.03 0.05 0.06 0.17 0.50 0.12 
N.S N.S. N.S. p(0.05 N.S. p(0.05 

Long ranges 0.04 0.07 0.14 0,25 0.10 0.18 
N.S. N.S. (p(O.J.O) p(O.Ol (p(0.10) p(O.Ol 

All ranges 0.03 0.06 0.10 0.21 0.07 0.14 
N.S. N.S. (p<O.lO) p(0.01 (p(O.lO) (p(O.lO) 

Although not all the difference values given in Table 7.1.14 reach 

the 5% level of significance they do show a high degree of consistency. 

In each case there is a greater difference in detection probability 

between the T and the T condi tions than between the T and TlO u 5 u 

conditions. It can also be seen that the decrease in detection 

probability under each of the paced conditions 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, 

0.2~occurs between the Tu and T5 condition for small targets at long 

ranges, and the smallest decrease, O.O~ occurs between the Tu and T
IO 
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condi tions for large targets at short ranges. Other combinations 

of targets, ranges and search time conditions result in intermediate 

decreases in detection probability as shown in Table 7.1.14. None 

of the values associated with large targets are significant but 

for small targets the effect is more marked and most of the values 

are significant. 

The data given in Tabl e 7.1.13 are shown di agramma ti cally in 

Figure 7.1.7. In this Figure, which represents a further 

partition of the data shown in Figure 7.1.6, the detection 

probability data for the T condition are plotted c~~ulatively and 
u 

histogra~s representing the detection probabilities achieved under 

the TIC and T5 conditions superimposed. The lower curve in each 

of the four diagrams represents the cumulated probability of 

correct detection with increased time under the T condition, 
u 

and similarly the upper curve represents the cumulated probability 

of incorrect detection. The shaded area bounded by the two curves 

pepresents, for any given time, the proportion of llresentations 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 in search time that occurs under the T condition 
u 

as the detection task becomes more difficult. 

Under the T5 and 1. 0 condi tions detection probabili ti es also 

fall with increasing difficulty of the task. For three of the 

four range/target size combinations (a) (b) and (c) the T5 and T
IO 

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 exccption 

in that the values of the detection probabilities achieved 

under the T5 and TIO paced conditions are not greater than those 
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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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achieved in the same times under unpaced conditions. As can be 

seen in Figure 7.1.7 (d) the T5 and TIO values fall almost 

exactly onto the cumulative curve of the Tu data. This suggests 

that in this, the most difficult of the four s1 tuations, none 

of the targets, which under the T condition required more than 
u 

5 seconds, or more than 10 seconds, search time for correct 

detection, could be correctly detected in less time under the T5 

and T10 paced. conditions. 

Values of 15 and I IO ' as defined on Page 28, were calculated 

for each of the four sets of data shown in Figure 7.1. 7. These 

values are shown in Table 7.1.15. 

TABLE 7.1.15 

Values of I for large and small targets at long and short ranges. 

15 IlO 

Large targets/short ranges 0.72 0.72 

Large 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 it would be expected that pairs. 

of 15 and I 10 values would be approximately equal and that the values 

would decrease with increasing difficulty of the detection task. 

The data shown in Tabl e 7.1.15 are in good agreement w1 th this 

expectation. A:though there is some discrepancy between the 15 

and I
IO 

values for the 'small targets at short ranges' data these 

two values are not significantly different. The I IO 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 TIO condition falls almost on the Tu cumulative. curve. 

The broken lines in each diagram in Figure 7.1. 7 indicate the 
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detection probabilities that would be achieved in the various search 

times under paced conditions, if it is 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 pair 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 is required before detection 

probability reaches its 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 line predicting performance under unpaced conditions 

is almost superimposed on the line representing the cumulated 

probability of correct detection under unpaced conditions. 

Since relatively few values were available for the very short 

search time conditions, Tl and T2 •
5

, little information could be 

obtained from partitioning these data to derive mean values relating 

to large and small targets at long and short ranges, as in some 

cases 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 Il and 12 •
5 

for the very limited data available relating to large 

and small targets at long and short ranges, agreed well with the 

corresponding values given in Table 7.1.15 for the TS and T
lO 

conditions, except in two cases. These were the 11 and 12 •
5 

values 

-for large targets at long ranges which were substantially lower than 

the corresponding values for the T5 and T
lO 

conditions. However, 

owing to the large confidence limits associated with the-detection 

probabili ties 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 uncertain. Uhder the two 

paced conditions the confidence score of I, which indicated 

that the subject was unable to make any response, was not used. 

This was to prevent a high proportion of 'no response' outcomes 

which might have occurred under the short search time conditions. 

Instead the subjects were required to indicate what they regarded 

as the most likely target location and, if very uncertain, 

assign 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, T5 and TlO' and the one unpaced condition Tu' are 

shown in Table 7.2.1. The analysis of variance carried out 

on these data is given in Table 7.2.2. The results show that 

three out of the four main factors, search times, ranges and 

targets significantly affect confidence level. The fourth 

main factor, navigational uncertainty, is non-significant. 

These results are analogous to those obtained for the detection 

probability 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 uncertainties. This is a rather unexpected 

resul t in view of the fact that in previous experiments no interaction 

effects involving the navigational uncertainty factor had been 

found. There is no obvious explanation of why such effects should 

have been found in this experiment since the interactions do not 

involve the search time factor, and all previous work had indicated 

that the difference between the ±Wo uncertainty conditions had no 

effect on the measures of detection performance made. 

In the following section the effects of search times, ranges 

and targets on confidence level are considered in more detail but 

no further analyses are carried out on the interaction effects. 



- 54 -
TABLE 7.2.1 

Confidence levels for the three search time conditions 

Search time: 5 seconds (T
5

) 

Uncertainty 1 

Range (miles) 
Target 1 2 

3 7 7 2- 5 7 6 6 

14 7 7 6 7 7 7 6 

17 7 2 5 4 2- do 5 
16 5 6 7 6 5 4 6 

15 2 2 5 3 do 2 2 

13 2 2- 1 7 2 4 2 

1 do 4 2 do 2 do 2 

Search time: 10 seconds (T10 ) 

Uncertainty 1 

Range (miles) 
Target 1 2 

3 6 7 7 7 7 7 
14 6 7 6 7 2- 6 

17 2 7 7 2- 4 do 
16 2- 7 5 5 6 7 

15 2 4 6 2- 2 4 -
13 6 6 6 4 6 5 -

1 5 2- 2 2 do 4 

Search time: unlimited (T ) 
u 

4 

5 
6 

6 

6 

:2 
4 

Uncertainty 1 

Range (miles) 
Target 1 2 

3 7 1 7 7 5 7 6 

14 7 7 6 7 7 7 6 

17 7 4 5 7 6 6 7 

16 5 5 6 7 6 3 4 

15 4 6 6 4 1 2 3 -
13 7 1 4 5 1 6 3 -
1 2- 4 d. 6 1 :2 6 

3 

6 6 

7 6 

2 6 

4 6 

2- do 
4 do 
do 2-

3 

7 7 

7 6 

7 2 

5 5 

6 4 

2- 2-
4 4 

3 

4 6 

5 7 

7 4 

4 4 

do do 
6 5 

6 1 

Uncertainty 2 

RanSe (miles) 
1 2 3 

7 2- 6 7 7 7 6 2-
7 7 6 7 7 7 6 6 

4 6 6 4 do do 2- d. 
2- 6 5 4 2 6 6 5 

6 6 2- 2- 4 5 do 2 

6 6 4 2- 2- 5 4 4 -
4 4 2- 2 do 2- 4 :2 

Uncertainty 2 

Range (miles) 
1 2 3 

6 2- 6 5 6 6 7 4 

7 7 7 7 7 7 4 7 

7 6 7 4 6 4 4 6 

5 4 11 5 5 3 5 6 

6 do do do 6 6 5 2-
1 7 4 7 4 6 6 6 

2- 4 5 4 2 do 2 2-

Uncertainty 2 

Range (miles) 
1 2 3 

7 6 5 6 7 2- 7 5 

7 2 5 7 6 7 7 7 

7 7 7 1 2 6 2 6 

7 7 2- 7 6 7 4 4 

6 2- 1 2- 3 6 6 6 

6 6 6 7 2- 4 3 2-
6 4 4 5 2- 4 2 5 

Confidence levels underlined relate to incorrect responses. 

5 

7 
4 

do 
4 

:2 
2 

7 

:2 
:2 
4 

2 

do 
4 

4 

5 

2-
4 

:2 
4 

2 

4 

2- 6 6 

2 5 7 

do 2- 4 

3 6 3 

2- 2 2 

4 4 5 
6 4 do 

• 
4 

6 d. 3 

7 1 5 

do 2- 2-
4 5 5 

4 2- 2-
2 2- 2-
2 d. 2-

4 

1 4 6 

7 1 1 
2 2- 4 

5 6 do 
5 4 2-
2- 1 2-
5 4 1 
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TABLE 7.2.2 

Analysis of variance on the oonfidence level data given in Table 7.2.1 

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

Search times (S) 2 15.68 7.84 4.87(c) p(O.Ol 

Ranges (R) 2 46.34 23.17 14.39(c) E(O.OOl 
Uncertainties (U) 1 0.38 0.38 - (c) N.S. 
Targets (T) 6 294.18 49.03 ~.45(c) p(0.001 

S x R 4 3.00 0.75 - (0) N.S. 

S x U 2 2.74 1.37 - (0) N.S. 

SxT 12 26.28 2.19 1.36(c) N.S. 

RxU 2 10.04 5.02 3.12(0) p(0.05 

RxT 12 25.80 2.15 1.34( 0) N.S. 

UxT 6 22.78 3.78 2.35(c) p(0.05 

SxRxU 4 1.48 0.37 - (b) N.S. 
SxRxT 24 29.28 ; 1.22 - (b) N.S. 
S x U x T 12 19.92 1.66 1.OO(b) N.S. 

RxUxT 12 20.40 1.70 1.02(b) N.S. 

SxRxUxT 24 31.20 1.30 - (a) N.S. 

Residual (a) 252 425.88 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, SRI', 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. 

I 
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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 is significant. The 

mean confidence levels for each of the three search time conditions 

are given in Table 7.2.3. 

TABLE 1.2.3 

Mean confidence level for each search time condition 

Search time condition T5 TIO T u 

Confidence level 4.71 5.03 5.20 

It can be seen from this table that mean confidence level falls 

with decreasing search time, as would be expected. The difference 

between the confidence levels for the Tu and the T5 conditions is 

significant at the 1% level while the other differences, i.e. those 

between the T5 and TIO' and the TIO and Tu conditions are significant 

at the 5% level. This fall in confidence level with decreasing search 

time can be attributed not only to the fact that, when required to 

locate the target in a shorter time, subjects are likely to be less 

certain of their response, regardless of whether or not it is 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 detections also decreased with decreasing search tiooe it is 

reasonable that mean confidence level should also fall. This could 

indicate that subjects are to Some extent aware of their level of 

performance although the absolute differences between the values 

shown in Table 7.2.3 are small. 

It was therefore of interest to determine the effect of search 

time on the confidence levels associated with correct and with incorrect 

detections separately. The relevant values are given in Table 7.2.4. 
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TABLE 7.2.4 

Mean confidence levels for correct and incorrect detections 

CORRECT INCORRECT 
Search DETECTIONS DETECTIONS 

time 
r~ean Mean 

condition confidence * N confidence \ 
N* 

level level 

T5 5.66 66 3.90 81 

TIO 5.86 77 4.10 70 

T 5.68 87 4.40 60 u 

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

Within each of the search time conditions shown in Table 7.2.4 the 

mean confidence level associated with correct detections is significantly 

higher than that associated with incorrect detections. There are no 

significant differences between the mean confidence levels associated 

with correct detections for the three time conditions but for those 

associated with incorrect detections the mean value for the T5 condition 

is significantly lower than that for the T condition. These results 
u 

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 leve~ i.e. the subjects assessed their performance more 

accurately since they indicated, on average, a lesser degree of certainty 

in those detections which in fact proved to be incorrect. 

As explained in Section 7.1.1 it is not possible to associate any 

specific search time with the T condition. 
u 

It is therefore more 

appropriate to plot these data cumulatively against search time. 
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In the case of confidence levels various different ways of cumulating 

the data are available since the values range from 1 to 7 and are 

associated 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 associated with correct and incorrect detections 

and for each set of data plot a cumulative average as shown in 

Figure 7.2.1. Any point on the curve relating to' correct detec-

tions, for example, represents the average confidence level 

associated with all correct detections made up to and including 

the time against 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 detection 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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Cumulated probability of correct detection 
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(0.00) (0.11) (0.29) (0.35) (0.39) (0.40) (0.41) 
Cumulated probability of incorrect detection 
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7.2.2 The effect of range on confidence level 

The analysis of variance given in Table 7.2.2 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. 

TABLE 7.2.5 

Confidence levels at each range for each search time condition. 

Search time Range (miles) 
condition 

1 2 3 4 

T5 5.21 4.71 4.40 4.29 

TlO 5.45 5.00 4.90 4.48 

T 5.74 5.40 4.67 4.76 u 

Overall 
5.55 5.12 4.73 4.57 mean 

Differences within the main part of this table must reach 0.46 

to be significant at the 5% level (one-tail test), or, if the 4 mile 

range condition is involved, 0.57. Within the 1 and 2 mile range 

conditions the differences in'mean confidence level between the 

T5 and Tu conditions are significant and within the 3 mile range 

condition the difference between the T5 and TIO conditions is sig­

nificant. Other confidence level differences within range conditions 

are not significant and, although some of the differences between 

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 probability 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. - 7.2.4 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 1s l1near 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 1s not Significant. 

TABLE 7.2.6 

Regression analyses on range var1ation for each search time condition 

Search 
time Source D.F. S.S. M.S. V.R. Significance 

condition 
Range 3 18.37 6.12 3.80 

I 
p(0.025 

T5 Linear 1 17.14 17.14 10.71 regression p<0.005 

Deviation 2 1.23 0.62 - N.S. 

Range 3 14.63 4.88 3.03 p(0.05 
T10 Linear 1 regression 13.65 13.65 8.48 p(0.OO5 

Deviation 2 0.98 0.49 - N.S. 

Range 3 29.90 9.97 6.19 p(O.OOl 
T Linear 1 25.67 25.67 15.94 u regression p<O.OOl 

Deviation 2 4.23 2.12 1.32 N.S. 

Residual * 328 528.16 1.61 

* This value for the residual variation 1s taken from the analysis 
of variance 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 probability data. 
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FIGURE 7.2.2 

The effect of range on confidence level under the 

5 second paced condition (T5L 

Equation of the regression line: 

Y = 5.47 - 0.33 X 

1 2 3 
i 
4 miles 

RANGE 
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FTGURE 7.2.3 

The effect of range on confidence level under the 

10 second paced condition (T10 ) 

Equation of the regression line: 

y = 5·70 - 0.30 X 

1 2 3 4 miles 
RANGE 
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FIGURE 7.2.4 

The effect of range on confidence level under the 

unpaced condition (Tu) 

Equation of the regression line: 

y = 6.13 - 0.41 X 

1 2 3 4 miles 
RANGE 
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FIGURE 7.2.5 

Regression lines showing the effect of range on confidence 

level under paced and unpaced conditions. 

Equations of the regression lines: 

T Y = 6.13 '- 0.41 X 
u 

T10 y'= 5.70 - 0.30 X 

T5 y"= 5 47 - 0.33 X 

The gradients of these lines do not 
differ significantly. 

1 2 3 
I 
4 miles 

RANGE 
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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 T10 

conditions are almost parallel and, as would be expected, the T5 

line is lower than that for the T10 condition. The line relating 

to the T condition is slightly steeper than the other two lines, 
u 

largely because of the unexpectedly low value for the 3 mile range. 

However, calculation of the linear component of the R x T interaction 

showed that the gradients of the lines were not significantly dif-

ferent, i.e. the lines did not deviate significantly from parallel. 
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7.2.3. The effect of target differences on confidence level 

The analysis of variance given 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 confidence levels for targets under each search time condition 
- - - I 

T5 TIO T 
Target u 

'"""~'""" 
Confidence Confidence 

Level Level Rank __ Level Rank 
f--.-- --- ----

14 6.38 1 6.19 1 6.33 1 

3 6.05 2 5.86 

I 
2 5.95 2 , 

16 4.90 3 5.05 4 5.19 , 4 

17 4.24 5 4.90 5 5.38 I 
3 

I 13 4.33 4 5.14 3 5.10 5 
I 

I 
15 3.62 6 5.38 i 6 4.43 6 

1 3.43 7 3.67 I 
7 4.00 7 I I 

The coefficient of concordance, W, for the correlation between 

the rank orders of the target under each search time condition was 

a highly significant value, indicating that, as can be seen in Table 

7.2.7. 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 T5 conditions do not reach significance for 

any of the large targets but for three of the four small targets. the 

mean confidence level is significantly lower for the T5 condition 

I 

than for the T condition. 
u 

Within each of the search time conditions 
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differences in confidence level between targets high and low in the 

rank order are mostly significant, 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 
._-

Search time condition --
T5 TlO T 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 is not entirely consistent. 

For the small targets the trend is consistent and significant, the 

difference between confidence levels for the T5 and Tu conditions 

being significant 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 associated 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 it, as shown on the 1" = 1 mile map, bore no definite 

relationship to his subsequent performance. In the present 

experiment no detailed analysis was carried out on these data. 

However, it 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-briefing times taken under each of the search time 

conditions are shown in Table 7.3.1. 

TABLE 7.3.1 

Mean map-briefing time for each search time condition. 

Search time condition T5 TIO T u 

Mean time taken for 114.5 106.1 89.6 map-briefing (seconds) 

It can be seen from this table that the average time taken 

by the subjects for map-briefing increases as the time allowed 

for searching the display decreases. This trend, which is 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 T5' T10 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 

detection performance. The small differences between the three mean 

scores were not significant, although the mean for the T10 group was 

marginally higher than those for the other two groups. None of the 

means differed significantly from the population norm for students, and 

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 Elfsenck 

personality inventory. 

It was of interest to determine whether the relationship between 

intelligence score and detection performance, in terms of the number of 

correct detections made, found in Experiment I for the T group, also 
u 

held for the T5 and T10 groups. It might be expected that the subjects 

scoring higher on the test would be less affected by the short search 

times than those scoring lower. If 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 T10 

groups. These values of tau were then compared with the value obtained 

in Experiment I for the T group. The relevant data are shown in 
u 

Table 7.4.1. 



- 71 -

TABLE 7.4.1 

The correlation between scores on Heim's test and 

detection performance for each grOUp of subjects. 

Subject group TS TlO Tu 

Scores on Mean 41.8 44.8 41.7 

Heim's test s. d. ±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, TS 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, T10' 

there was no evidence of correlation, the value of tau being 

almost zero. There is no obvious reason for this lack of correl-

ation as it is unlikely that the slightly higher mean intelligence 

score could account for it. The data do not support the theory that 

the more intelligent 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 subjects tested under the Tu unpaced 

condition. 
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8. DISCUSSION 

It is clear from the results described in the previous section 

that there are marked differences between performance under 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: 

(i) The overall detection probabilities achieved under each 

of the search time conditions, one unpaced (T ) and four 
u 

paced (T10' T
5

, T2•
5 

and Tl ), were directly compared. The 

highest detection probability value was that obtained under 

the unpaced condition. Under the paced conditions there 

was a consistent decrease in detection probability with 

reduction in search time, It was also found that, whereas 

the detection of large targets was little affected by the 

reduced search time, the effect was much more marked for 

the small targets. 

(ii) 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 that the overall probability of detection was greater 

in each of the paced search times than in the corresponding 

unpaced times. Further 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 searah 

time is reduced can be attributed to two main factors. Firstly, the 

reduction in search time reduces the amount of information tt~t 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 number of fixations that could be made. However, there is some 

evidence that, when the subjects knows 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 consistent with the result, also 

found by Richman et aI, that as mean fixation time decreased, the mean 

ibterfixation 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 details 

of the terrain 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 probability was 

0.59, was of a different nature since it was associated with a wide 



range of search times. Under the TIO' T5 and T2•
5 

paced conditions 

the overall detection probabilities (0.52, 0.45 and 0. 111 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 conditions 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 Tl conditio~ (0.29), 

is in accordance with this. This low value would be expected since in suph 

a short search time very few fixations could be made and therefore no detailed 

information could be obtained 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 RAopted. 

l'ctailed discussi.on of the l'eSlIlt" oh-taitlod 1s precluded by the lack of 

information available: 

(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 one would thus expect corresponding 

variations in the visual lobe size. Some variation 

between subjects would also be expected. 
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(b) The area of the display searched is not known. Gi ven 

unlimited time a subject might search the whole display 

but under paced ccnditions 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 

lcarn to expect this. 

(c) The search pattern is not known. It is unlikely that 

search would be either completely random, or that it 

would be systematic 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 information in 

this way is likely to influence both his search pattern 

and the accuracy of his response. A two-phase search 

process of this type was reported by Enoch (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 obtained during the orientation phase. However, 

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 not known. There is also no information 

about the percentage of the total search time occupied 

by fixations. 

Extensive experimentation would be needed to obtain adequate 

information about each of these factors and the extent to which they are 

affected by limited search time. In the absence of such information it 

is only possible to discuss the results obtaine~particularly those that 

relate to differences between large and small targets, in general terms. 

The Simplest case, that of targets occupying a relatively large 

proportion of the display, will be cOLsid~r3d 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, Mhich could be 

recognised without raference 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 

T10' T5, T2 •5 and Tl conditions were 0.92, 0.87, 1.00 and 0.87 res­

pecti vely,. 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

ability occurs as a result of a substantial decrease in the time 

available for search. Detection probability remains at a hi~h level 

even when search time is reduced to I second, during which no more than 

five fixations, and probably less, would be made. 
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The high probability of detection achieved in the 1 second search 

time can be accounted for only if (i) the visual lobe within which these 

conspicuous targets could be detected was large and thus each fixation 

covered a substantial proportion of the display, and/or (ii) search was 

restricted to a limited central area of the display. 

No information is available about either of these factors but it 

is clear that the search times allowed under the longer paced conditions 

were greater than necessary for these large targets for which very little 

search was required. The detection probability for these targ~ts under 

unpaaed conditions was 0.96, slightly higher than that for the TlO 

paced condition. The corresponding mean search time 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 required for large 

targets. It seems likely that these targets, which occupied a relatively 

large proportion of the display area, could usually be detected during 

the initial 'orientation' phase of the search process, this rendering 

the second "specific' 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 previous experiments 

under unpaced conditions, and under the longer paced conditions studied 

in this experiment, the performance levels associated with this target 

were very similar 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 0.25, indicating that this very short 

search time did not allow enough time for the two-stage ~etection process 

l 
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necessary. If this were so, it would be expected that this Tl detecti on 

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 available. 

The detection of small targets, particularly when presented at 

Ions 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 considered 

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. 

~tailed search of this limited area is then carried out during the 

'specific' search phase. 

Performance of a complex search task of this kind, involving 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 conspicuous 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 detection 

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-

ities for small targets at long ranges were 0.31, 0.17,0.06, 0.06 and 0.00 

for the Tu' TIO' T5 and T2 •5 and Tl conditions respective~ arc in accord­

ance with this. The decreasing trend was significant although the values 

relating to the T2 •
5 

and TI conditions were based on relatively few read- . 

ings. A large decrease in detection probability occurred between the T 
u 
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unpaced condition and the T
IO 

condition, indicating that for these targets 

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 T 
u 

condition the mean search time for this target group was 16.5 seconds, and 

only 27'1> 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 T
5

, T2•
5 

and Tl conditions. 

These two groups of target and range conditions were chosen to 

lllustrate some of the problems associated with the interpretation of th~ 

results of this experiment, since they represented the two extremes of tar-

get size, in terms of the average proportion of the display occupied. The 

other two groups, large targets at long ranges and small 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 groupin,~ of target size and range cnndi tions is not precise the results 

discussed above indicate that in this experiment 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 detailed discussion of the second main result found; that under 

paced conditions the overall detection probability achieved is greater in 

each case 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 take longer, and a paced one in 

which he was required to make a response at the end of the allotted time. 

The results clearly indicate that:ln a given 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, i.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 conditions 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 efficiently, thus resulting in improved performance und~r 

paced conditions as compared with the corresponding unpaced time. However, 

it is unlikely that the increased search efficiency could entirely accouqt 

for the large differences between the number of correct detections achieved 

in a given time under the paced and unpaced conditions. 

The other possible reason - that under unpaced conditions subjects 

delayed responding in order to check the accuracy of their response could 

also account for thie difference in performance, since any delay occurring 

between the time a target was detected and the time the response was made 

would have the effect of increasing the measured search time without sub­

stantially affecting the overall probability 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 absolu1e terms, for the large targets than for the 

small ones. This difference also tended to be groat er for the shorter 

paced times than for the longer ones. For instance, under. the Tl condition 

the overall detection probabil1 ty 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). However, 

it is more meaningful to discuss this improvement in relative rather than 

absolute terms and an interesting result found in this experiment concerned 

a measure, designated I, used for this pUrPose. 
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Details 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. 'Forced' responses were those that subjects 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 remained effeotively 

constant for different pacing conditions. In other words, although 

the number of 'forced' decisions decreased with increasing time the 

proportion of them resul~ in correct responses remained constant. 

This result was found not only when all targets and range conditions 

were considered together (see Section 7.1.1 ) but also when they were 

divided into groups according to difficulty (see Sections 7.1.4, 

7.1.5 ). It was also found that the value of I decreased with increasing 

difficulty, i.e. the more difficult the detection task the smaller the 

propo~tion of 'forced' deciSions that were made correctly. The most 

difficult 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 unpaced conditions, and 

the performance 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. 

Calculation of the predicted detection probabilities under longer 
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paced conditions shows that they increase to an asymptotic 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 conditions. 

The detection probability achieved under the Tl 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 ,Tl condition could be regarded as 'forced'. The ovcrall probability 

of correct detection under the Tl condition was therefore equal to the 

11 value, i.e. the proportion of 'forced'decisions made correctly. 

In determining detection probability und~r the Tl condition the normal 

experimental technique had to be modified, as described in Sectio~ 6.2, 

to take account of the very short search time. In spite of this the overall 

value of 11, 0.29, agreed closely with the corresponding I values for 

the other paced conditions. It was also in good agreement with the 

proportion 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 11 values to be calculated 

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 11 value, 0.4~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 values, but in any case this 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 grou~ which has 

already been discussed. As would also be expecte~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 I
2

•
5 

value for large targets at long ranges was 

lower than the other I values 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 size, shape, contrast etc. and, as 

indicated earlier in this section, much relevant information is not 

available. However, some general points can be made, Of particular 

relevance is the fact that I values derived in this way are likely to 

be very sensitive to the conditions under which the experiment was 

carried out, and especially the instructions given to the subject, 

An important feature of this expcriment was the fact that under 

the T2,5' T5 and T10 paced conditions each of the subjects was required 

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 mif~t base hiscecision of whether 

to report what he thought to be the target position, or whether to 

make no response, 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 criteria rather ~1an, 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 also 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 paid 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 to, if not better than, 

that under the paced conditions studied in the present experiment. 

According to whether these incentive payments favoured speed or 

accuracy it would be expected that the cumulative probability curves would 

be compressed towards shorter ti~~ and/or the ratio of correct to incorrect 

responses would change. It was not possible to determine from the data 

obtained under paced conditions in the present experiment the form of the 

cumulative 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 before 

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 have 

been similar in form but would have become increasingly steep as the 

maximum search tiDe 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 also have allowed a more detailed 

study of the relationship between paced and unpaced performance. 

There is no obvious 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 obtained 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 target recognition problem, 

but it would also be of interest to determine whether analogous results coo Id 

be obtained in the dynamic situation, if cumulated acquisition probabilities 

were plotted against range and compared with the corresponding acquisition 

probabilities determined at various fixed ranges along the route. Such an 

experiment would be of some relevance 10 connection with the use of 'frozen' 

displays, 

Analysis of the confidence level data obtained in this experiment showed 

that, as would be expected, significantly lower degrees of confidence wer~ 

associated with responses made in shorter paced times. These differences were, 

however, relatively small, possibly because each subject 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 confidence 

level data and for each time condition the relationship between range and con-

fidence level was linear. These results are analogous to those found for 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 was 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 this effect could be due to 

differences between the three groups of subjects exposed to the different time 

conditions, ~u' T
IO 

and T
5

, it could also be due to the subjects tending to 

compensate for shortcr search time by adopting a higher oriterion of familiar-

ity with the information shown on the map. 
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APPENDIX I 

This report includes a further analysis of the data previously 

analysed in Experiment I. For convenience, a summary and a taple of 

the main results of this experiment are given below. 

SUMMARY OF EXPERIMENT I 

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 probability, search time, confidence level of 

decision and map-briefing time. The experiment was based on a 7 x 7 

(targets x conditions) Latin Square design. Seven skilled pilots 

and navigators, and 21 students of comparable 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 probability and search time were significantly related to 

range. The relation was linear. As range increased from one to 

four miles detection probability decreased and search time increased. 

There were significant differences between 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 also 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 technique is assessed and the results considered in relation to 

further work at present being carried out. 
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APPENDIX II 

The basic Latic Square design uSed in this experiment is 

shown below. Subjects (designated 1 - 7) are arranged in the 

matrix so that each appears once in each row, and once in each 

column. This matrix was replicated three times for each of the' 

main experimental conditions, and once for each of the subsidiary 

ones. [n each case presentations of particular target and range 

combinations to a subject were randomly ordered. 

Uncertainty 1 Uncertainty 2 

Range~ 1 2 3 1 2 3 4 

1 7 2 5 4 3 1 6 

3 2 5 4 3 1 6 7 
T 
A 13 5 4 3 
R 

1 6 7 2 

G 14 4 3 1 
E 

6 7 2 5 

T 15 
S 

3 1 6 7 2 5 4 

16 1 6 7 2 5 4 3 

17 6 7 2 5 4 3 1 
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