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SUMMARY

This report describes the final experiment in a series of studies
intended to investigate performance at a target detection task, simulated
statically by means of aerial photographs. The purpose of the present
experiment was to evaluate the effect on four measures of performance,
detection probability, search time, confidence level and briefing time,
of five different tyves of briefing: map only, map + 'target circles',
map + diagrams, map + drawings and map + photographs. The ‘target cireles'
briefing indicated only the position of the target on the display, whereas
the drawings and dlagrams were obligue views of the target and surrounding
terrain prepared from the information on the map, (scale 1" = 1 mile},

The drawings were carried out by a freehand technigue and the diagrams by
means of standardised shading materials.

The ranges alt which the targets were shown in the four types of
additional briefing material were (a) 2 miles and (b) 4 miles. Each of
these briefing ranges was tested independently, and their combined effect
was also studied, gilving rise to three briefing range conditions. The map
only condition, which was not assoclated with any briefing range, was
treated as the control condition. Eight targets and four target ranges
were used to study the effect of the briefing conditions, and a total of
74 unskilled subjects took part.

A summary table showing the main results of this experiment is given
on the following page., These results indicate that, although the drawings
and the diégrams were not as effective as the photographs, they do result
in considerable improvement in detection probabllity, especially at
longer ranges. This suggests that part of the difficulty of the target
detection task lies in accurately visualising an oblique view of the

terrain from the plan view information given on the map.



UMMARY OF THE

MATIN

RESULTS

DETECTION PROBABILITY

SEARCH TIME

CONFIDENCE LEVEL

BRIEFING TIME

Highly significant (p<0.01)

Only the photographs resulted in sig-
nificantly higher detection probability
than the map only condition, but the

Highly significant {p<0.001)

All briefing types except the photo-
graphs resulted in significantly longer
mean search times than the map only

Highly significant (p< 0.001)

Photographs resulted in significantly
higher mean confldence level than the
map only conditicn but no improvement

Sisnificant (p<0.05)

All types of additional briefing
resulted in significantly longer brief-
ing times than the map only condition,

BR%Eg;NG drawings and diagrams both brought condition, but there was evidence that in confidence levels was found for the | photographs being the longest.
about improvements whereas the 'target this latter value was unexpectedly low. drawings and diagrams.
circles’ briefing resulted in a deter-
ioration in detection probability.
(36-37) (66-67) (79-80) {o4)
Non-significant Non-significant Significant (p<0.025) Highly significant (p<0.01)}
2 + 4 mile briefing was more effective k mile range briefing resulted in the 2 + 4 mile briefing gave rise to sig- 2 mile briefing resulted in shorter
BRIEFING than 2 mile or 4 mile briefing but none | longest mean search time, significantly | nificantly higher mean confidence level | briefing times than &4 mile or 2 + 4 mile
RANGE of the values were significantly differ- greater than that for the map only than 4 mile briefing, but none of the briefing.
ent from the map only condition. condition. values were significantly different
(38) (68) | from the map only value. (8L) (951
BRIEFING Non-significant Non-significant Non-signifieant {(p<0.10) Non-significant
TYPE Diagrams, drawings and photegraphs im- Search times increased with increasing Confidence levels tended to fall with (No interaction would be expected since
x proved detection probability, relative range under all briefing conditions, increasing range under all briefing the target range was not known to the
to the map only condition, at target with the exception that the 1 mile conditions. At the 1 mile range confidd subjects during briefing.)
TARGET ranges of 2, 3 and 4 miles but at the range resulted in longer search times ence levels were lower when additicnal
RANGE 1 mile range a deterioration occurred. than the 2 mile range. hriefing was used than under the map
(39-41) {69-70} | only condition. (82-83)
BRTEFING Nen-significant {p<0.10) Non-significant Non-significant Non-significant
RANGE Detection probability was particularly No analyses carried out since the main Confidence levels tended to be higher (No interaction would be expected since
x favourably affected when the briefing factors were also non-significant. when briefing range coincided with the target range was not known to the
TARGET range colneided with the target range target range. subjects during briefing.)
RANGE but improvements also occurred at other

target ranges, except 1 mile. (#4243}

{71)

(84)

Comparisen of
the drawings
and diagrams
using the re-
plicated data
(execluding

data from the
1 mile range)

No slgnificant differences between the
drawings and diagrams. Both resulted in
highly significant improvements in det-
ection probability, relative to the map
only, particularly at longer ranges. The
drawings and diagrams interacted with
briefing range and with target size,.

2 + 4 mile briefing was consistently
more effective than 2 mile or 4 mile
briefing separately, {48-62)

No significant differences beiween the
drawings and diagrams. The mean search
times for the drawings and diagrams were
not significantly higher than the map
anly value. Some evidence of an inter-
action between briefing range and target

range.

(72-75)

No significent differences between the
drawings and diagrams. The mean con-
fidence levels were not significantly
different from the map only value.
There was a significant Interaction
between the drawings and diagrams and
the briefing ranges.

(87-90}

Significantly longer briefing times

were required for the diagrams than for
the drawings. Both values were signif-
icantly longer than the map only value.

(97-99)

NOTES

(1) The significance levels gquoted are taken from the analyses of variance carried out on the basic data for all additional briefing conditions, the map only data

being exeluded as these data were noit associated with any briefing range.
were each used together with the map for briefing purposes, the control condition being the map only condition.

right-hand corner of each bleck refer to

the relevant pages of the report.

(11i) The briefing types referred to - target circles, diagrams, drawings and photographs
(iii) e numbers shown in brackets at the bottom

T
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1. INTRODUCTION

This report describes the final experiment In a series of studles
intended to investigate some aspects of performancé at a target detection
task, simulated statically by means of a series of aerlal photographs, The
present experiment is concermned with the effect of different types of
briefing information on performance and, in particular, wlith the use of
perspective drawings of the target and surrounding terrain as alds to

target detection when sultable oblique photographs are not avallable.

The nature of the briefing information available to the pllot both
prior to and during a high-speed, low-level mission 1s an important factor
in determining its success. Under VFR conditions the pllot must maintedn
a contlnuous awareness of his gecgraphic position by relating the information
glven on maps and other briefing materials to the terrain features visible
elther directly from the alreraft, or by means of a televislon viewing
system, Posltive identification of a number of checkpoints along the route
is necessary to obtaln accurate fixes which can be used to update the
navigation system. As the pilot approachés the target area he must use
this knowledge of his geographic position, together with time-to-go
information and the available briefing materlials, to detect and subsequently

recognise the target as early as possible,

The actual target recognition task is liable to be considerably more
difficult than the recognition of a checkpoint, When a flight is planned
it 1s possible to select as checkpoints features which are likely to be
conspicuous and readily recognised. The target, on the other hand, may
be small, partially masked or situated in cluttered terrain. Therefore the
nature of the briefing materlals provided for this final phase of the
mssion is of particular importance and the present work is primarily

concerned with this problém.
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The standard form of brieffng for high-speed, low~level VEFR miassions
is a map or chart, showing a symbolic representation of the earth's surface
as seen from vertically above each point. Various types of photographic
briefing material which glve a realistic view of the terrain, elther from
a vertical or an oblique viewing angle, may also be provided., For other
gensor systems, e.g. slde-looklng radar, appropriate imagery may be availa
able but the present work 1s confined to the television viewlng mode, In
addition to these forms of visual briefing information, which are considered
in more detall below, verbal descriptions of the target and surrounding

araa, and other intelligence information, may be provided,

(a) MAPS

During pre-flight brilefing, and during the actual flight, the pilot
or navigator will normally have one or more maps of the route to be flown,
marked with the planned track and a number of pre-determined checkpoints,
in addition to the target area, It should be noted, however, that detalled
map coverage of the world i1s far from complete, only 20% of the world

being mapped at iM scale, and only 10% at 1150,000, (Burton, 1966)

Much research has been carried out ' into the design of navigation aids
and map display techniques are becoming increasingly sophisticated. Some
recent developments in this area are described In a JANAIR symposium
repott 'Aeronautical charts and mep displays' (1966). Considerations of
particular relevance to present work are the cholce of a map scale and
the closely related question of the amount of detail shown, McGrath,
Osterhoff and Borden (1964) have shown that a 2:1 increase in map scale
(from 1M to M) improves visual navigation performance only if it is

accompanied by an increase in the amount of detall shown.

Heap (1965) has shown that, whereas a 3M scale map of Southern
England shows 1,3 useful features per mlle, the corresponding %M map shows

3.0, and the 1" = 1 mile map shows 3.9. Although these values appear to
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favour large scale maps, the problems of handling and storing such
maps during flight must also be taken into account, From this point of
view the number of useful features shown per inch of map 1s of importance,

Cn this basis, the %M is favoured over both larger and smaller scale maps,

The values glven above relate to standard Ordnance Survey maps which
are primarily designed for use on the ground, rather then in the air,
although aeronautical information may be overprinted. Some of the informe
ation shown on these maps, for instance county and parish boundaries,
positions of mllestones, etc,, is useless for the purposes of high-speed,
low=level flight and simply gives rise to unnecessary clutter. Progress
15 being made in the design and production of more suitable maps, for
instance the JOG series, but the specialised requirements of different
groups of military users make it virtually impossible to include all the
information that these users might reguire on one map. Attempts to
produce a multi-purpose map are liable to result in the inclusion of too
much detall which may make the map difficult to read, On the other hand,
I1f highly speclalised maps are produced to serve a single purpose with
maximum efficlency, then the total number of maps reguired for different
purposes becomes excessive. The development of automated display systems,
that would allow the information reguired for any specific purpose toc be

retrieved when necessgary, could to some extent overcome this problem.

Pelton (1968) summarises the information required on maps for high-
speed, low~level navigation as: (i) 'information regarding the planned
route’, (11) 'checkpoints which can be acquired and accurately located
from the aireraft', and (i1ii) 'general terrain shape and hydrologic
Information with signiflcant, recognisable terrain features, readily
interpreted! . He suggests a number of topies relating to the design of
high-speed, low-level maps which should be further studied, 1ncludiqg the

best way to convey terrain information sc that the pilot can quickly and
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accurately visualise what he can expect to see; how much information is
neededy whether one map can be used for flight in several directions
across the terrain with equal effectiveness; which types of checkpoints
can be readily detected; whether the utility of particular checkpoints
depends on the direction of flight; the effects of terraln type, weather
conditions, seasons, ete, in different parts of the world; the map scale
to be used, and whether it depends on terrailn type. It 1s clear that
further research 1s required into these and related toplics in order to

achleve an optimum format for high-speed, low-level maps.

{b) PHOTOGRAPHS
(1) Vertical photographs

Medium or high-altitude vertical photographs are of‘ten used to provide
additional briefing information. Such photographs show a realistic plan
view of the target area and/or selected checkpoints along the route. The
scale of these photographs depends on the altltude from which they were
taken, the fleld of view of the camera and the actual size of the print,
The use of high-resolution satellite photography has resuited in increas-

ingly widespread coverage of 1lmportant land areas being obtained.

For some missions continuous photographic ooverage along the entire
track may be avallable, and it is then possible to bulld up a photomosaic
which provides a realistic representation of the terrain vertically below
the aireraft at any point along the track. Photomosales of this type are
normally used as pre-flight briefing material, as their size makes in-~

flight use impractical.

Vertical photographs show considerably more detall than would be
shown on a map, even cne of relatively large scale. They also show
textures, shades and patterns and provide some indication of which terrailn

features are likely to show up consplcuously on a television display.
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However, this information must be interpreted cautiously since the appear-
ance of some features may be substantially changed by differences in
lighting and visibility, and by seasonal vardlation. Priefing photographs
taken during a reconnaissance mission may be misleading when compared
with the appearance of the terraln some weeks or months later. The
variation in tree foliage, or the seasonal flooding of low«lying areas
provide examples of this. The coded symbolism with which features are
shown on maps largely avoids thls problem since little attempt is made to

convey the realistic appearance of the features.

(11i) Oblique photographs

During high-speed, low-level flight the observer must view the
terrain several miles ahead of the aireraft and he therefore sees it
obliquely. The lower the altitude of the aircraft the more oblique the
observer's view becomes, and consequently the more marked the distortion
due to perspective effects, Maps and vertical photography show the earth's
surface in plan view, whereas forward-obligue photographs show perspective
effects as well as detalls of the target and surrounding terrain. Such
photographs provide the most reallstic type of representation of the target
area as seen during a low-level approach and are therefore particularly
valuable for briefing purposes, although the problems of lighting and
seasconal variation discussed in relation to vertical photographs also apply

to obllique photographs.

The use of oblique photographs as briefing material also involves a
number of additional problems. Firstly, low-level oblique reconnaisance
photographs are less likely to be available than vertical imagery, since
it is daifficult to obtain low-~level photographs over hostile territory.
Secondly, the view of the target shown in a forward-oblique photograph
depends critically on the altitude from which it was taken, the depression

angle of the optical axis of the camera lens and the direction of approach.
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Differences in altitude and depression angle result in changes In the
apparent convergence of the terrain due to perspective effects, Differences
in track cause differences 1ﬁ the position of features appearing within
the field of view, and in their apparent spatial relationship to the
target., Thus, unless these parameters coincide closely with those during
the actual mission, oblique briefing photographs are lliable to lose some

of their value and could prove misleading.

If appropriate ground coverage is available it is possible to build
up an oblique photomosaic which shows each point along the track as 1t
would appear when seen from a fixed range; altitude and camera depression
angle beilng kept constant, Mosalcs of this type, which are prepared by
taking corresponding strips from successive oblique photographs, exposed
at regular intervals along the track, are not normally used for briefing
purposes. Although these photomosalcs show perspective and masking.
effects accurately as they appear at one fixed range, at other ranées,

particular the longer ones, perspeétive is greatly distorted.

The quantity and quality of the briefing information avallable for
any partlicular mission varies widely., TFor highly pre-planned missions a
complete range of photographic and other sensor imagery may be available,
together with informetion about terrain profiles, masking, vegetation
helghts, etc., verbal descriptions of the target and other intelligence
Information. However, 1t 13 sometimes necessary to carry out missions
under conditions in which the avallable briefing information is very
incomplete, consisting perhaps of nothing more than a map and a verbal
description of the target. It is therefore important to know what levels
of success are likely to be associated with different levels of briefing

information.

One study intended i 1investigate the effecis of different types of
briefing information is reported by Rusis and Rawlings (1966)., They used
a cine-film simulation technique to compare five different briefing con-

dittonss (i) ground-track map + oblique target photographs + vertical target
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photographs, (1i) ground-track map + oblique target photographs, (1ii)
ground~track map + vertlcal target photographs + notes from briefing on a
10,000 ft, altitude vertical photomosaic of ground track, (iv) ground-
track map + vertical target photographs, and (v) ground track map + notes
from briefing on written deseriptions of the targets. The oblique photo-
graphs were taken from an.altitude of 500 ft., corresponding to that of

the silmulated flight, and the vertlcal photographs from 1000 ft. altitude.

The main performance measures made were the probability and range of
correct recognition. For both these measures condition (i1) in which a
ground-track map and oblique target photographs were provided for briefing
was found to be superior to all the other conditions, although condition
(i) in which vertical target photographs were provided in addition to a
ground=-track map and oblique photographs, resulted in only marginally worse
performance. This result suggests that if optimum brieflng Information,
i.e. oblique photographs, is available there is no advantage to be galned
from providing additional, less useful information, in this case vertical
photographs, The other three briefling conditions, in which oblique photo-
graphs were not used, resulted in conslderably lower levels of performance,
The vertical target photographs did not improve performance significantly
over the levels achleved when only verbal information was provided in

addition to the ground-track map.

This study indicates the superlority of oblique photographs of the
target area, as compared with other forms of briefing which might be
available, particularly for targets that are difficult to recognise. For
consplcuous targets the probabllity of recognition was high and was 1little
affected by the form of briefing used, It would seem therefore that efforts
to improve performance by providing more appropriate briefing material
should be concentrated on targets that are liable to be difficult to
recognlse, since 1t is for these targets that the greatest gains can be

expected.
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The use of obligque photographs, or any other form of oblique represent-
ation of the target area, raises a number of problems, in particular, that
of deciding the optimum range at which the target should be depicted. A
photograph taken at a relatively close range will show detalls of the
target more clearly but it will not show the terraln features leading up
to the target. A study carried out by LaPorte and Calhoun (1966} indicates
the importance of the terrain features in the vieinity of the target in
providing clues to the target position. They used a c¢cine-film simlation
technique to analyse the target/background clues used in target recognition.
The film was stopped pericdically and the subjects were asked to designate
the target, to indicate thelr confidence in the designaticn, and to describe
the most important clues leading to the designation., The most significant
finding of the study was that, for most of the targets, non-target clues
were more important to successful target recognition than were target
c¢lues, The nature of these non-target clues varled with the type and
location of the target but, where available, roads were the most frequently
reported clues, It was also found that target recognltion was related to
the observer's ability to encode the visual world, i.e, to memorise elements

of the environment and to describe them verbally.

These two studies suggest that for maximum effectiveness the.briefing
material provided should enable the pilot to accurately visualise the main
features in the vicinity of the target area, and thelr spatial relationship
to the target, as seen obliquely during a low-level approach. There are a
number of ways in which this may be achieved. The obvious way is to provide
the pilot with at least cne obligue photograph of the target area taken
from a range long enough to show the features leading up to the target.
However, as already discussed, the altitude, approach direction and camera
depression angle from which the photograph was taken should correspond
closely to those of the actual mission. Obtaining photographs of this type
poses conslderable problems since 1t necessltates low-level penetration of

hostile territory over areas which are likely to be strongly defended.
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For this reascn, low=level oblique photographs will be much less
readily obtailnable than high-altitude vertical photography. For many
missions the problem will be how to make the best use of briefing materials
which show the target area in plan view when oblique photographs are not
avallable, The pllot has therefore to accurately visuallise the low=level
oblique view from the plan information given either on a map or a vertical
photograph, and 1t is necessary 4o consider how this can be most effectively

brought about,

Pilots regularly flyding high-speed, low-level missions learn to
visualise from the information on the map, the appearance of terrain features
as seen obliquely from different altitudes, but there is evidence that thelr
preconceptions as to how a particular feature will appear are frequently
inaccurate, and may therefore be misleading. MecGrath (1963) found that of
109 pilots interviewed, 84% sald that they regularly attempted to obtain a
preconceived idea of how a partlcular checkpoint would appear during the
approach and, of these, 92% said that their preconceptions had on occasion
turned out to be wrong. Possible reasons for this fallure to correctly
visualise the'oblique view of the checkpoint and surrounding terrain are
inadequacy of the information given on the map, or lnability.on the part of
the pllot to aocurately deduce the spatial relationship between different

features, and thelr apparent size and shape when seen obliquely.

Two different approaches are possible to the problem of overcoming
this difficulty of mentally transforming plan information inte obligue
perspective information. Firstly, appropriate training in perspective
geometry could be included in a standard training course. Secondly, by
applying the rules of perspective, drawings could be prepared from a plan
view of the target area to represent the target as seen from any required
range, altitude and direction of approach., For television viewing systems
the appropriate fileld of view and depression angle could also be taken

into account., These drawings could then be used as a substitute for obligue
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photographs. Although they could only show the information avallable in
the source material, whether maps or vertical photographs, the apparent
convergence due to perspective would be accurately represented, thus elim-
inating the necessity of the pilot mentally carrying out this perspectivé

transformation.

An experlment to assess the value of training in perspective geometry
on a subject's ability to locate target areas was carried out by Hagen,
Larue and Ozkaptan (1966). 'Twelve subjects, randomly assigned to two groups,
underwent conventional training in target area location. In addition, the
experimental group received speclalised tralning in perspective geometry,
which took place before the conventional training, and required an average
of 10 hours for each subject. The speclalised tralning was entirely static
and was intended to teach the subject to deduce the exact spatlal relation-
ship between a checkpolnt and a target area as it would appear on the TV
display. This was carried out by means of a serles of overlays which
imicated the range and cross-~range values at varlous levels on the simualated
TV monltor. Using these overlays the sublect was required to locate the
target area 1n relation to a particular checkpoint., The level of difficulty
was progressively Increased by reducing the amount of information shown on

the overlays.

During the conventional training the target area and suitable check-
points were indicated to the subject on a 1:20,000 scale photomosaie,
showing 3% n,m, of terrain on either side of the planned track. Wheﬁ he
was able to produce a rough sketch showing the checkpoints iIn correct
relationship to the target area he viewed the same terrain on the TV monitor
as many times as he felt was necessary. The simulation technique used

during the conventional training was the same as that used during the

subsequent experimental sesslons,

The simulated altitude was 2000 ft., the field of view 28° x 21°, and

the depression angle of the lens axis approximately 6°. Each route was
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approximately 7 n.m. long and the simulated speed was 650 knots. Offset
errors of f 2.5 n.m., M 1.25 n.m. and zero were slmilated so that the target
area did not always appear down the centre of the TV monitor. These offset
values were such that on some océasions the target area did not appear on
the monitor during any part of the simulated flight, and the sublects were
told that this might occur. They were required to mark the target area, as
early as possible during the run, elther on the monitor 1tself or on the

surrounding screen.

The results of the study showed that correct target area designations
improved significantly from 68% to 81% as a result of the specialised
tralning. The accuracy of these correct designations improved from an
average error of 3.35 n.m. for the ocontreol group to 2.95 n.m. for the
experimental group. These values, which were not significantly different,
give some idea of the wide areas within which designations were counted as

wrrect. The experimental group designated the target area In a signifi-
cantly shorter average time than the control group, the average times before

designation being 0.32 and 0.39 minutes respectively.

In considering the results of this experiment 1t should be noted that
the subjects who underwent only conventlional tralning did not have any
additional learning activity while the second group of subjects underwent
specialised training in perspective geometry. Thus, the experimental group
received more than twice as many hours of training altogether, although
both groups had equal training in conventional techniques,including film
training. In spite of this, the results suggest that training in perspective
geonmetry 1s of walue in target area location and the techniques used 1n the
experiment could be further developed to apply tco a wider range of operation=

al conditions,

The present experiment set ocut to investigate the possibility that an
improvement in performance could be achieved if, in addition to providing

a plan view of the target area, an oblique representation derived from the
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plan view, was also presented as briefing information. This would

eliminate the necessity for the subject to mentally visualise the appro-
priate oblique view while studying the map. Previous experiments had
suggested that this gave rise to a major difficulty in utilising the map
information to orientate the main features shown in the photographic display,

and hence to locate the target.

The majority of the subjects used in these earlier experiments had
been unskilled, although they were given detailed training for the purposes
of the experiment, and 1t would be expected that such subjects would find
greater difficulty in mentally transforming a plan view of the target area
into an oblique view than would skllled subjects. However, it appeared
that this problem was by nc means confined to unskilled subjects and the
result found by Rusis and Rawlings (1966), that oblique photographs were
more effective as briefing material than vertical photographs, tends to
confirm this., Furthermore, during informal interviews with pilots
experienced in high-speed, low-level flight, some of them mentioned that
they did attempt to make rough forward-oblique sketches as an aid to target

recognition.

Although 1t would not be expected that perspective representations,
even if accurately drawn, would be as effective as obligque photographs, 1t
was thought likely that they would improve performance relative to that
achieved when only plan view briefing information was provided. Since
vertical photographs of the relevant target areas were not available,
standard 1" = 1 mile Ordnance Survey maps were used to provide the plan
information from which the oblique representations were prepared, Drawings
prepared in this way could not show as much detail as would be available
on vertical photographs, but Ordnance Survey maps had the advantage of
providing a standardised source of plan view information for an initlal

investigation of the effectiveness of the technique.
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The feasibllity of this approach wes confirmed by the production of
several prototype drawings and this led to the appeintment of a-conéultant
artist to further develop the technique and to prepare a complete set of
drawings for the twenty targets used in this serlies of experiments. A
detailed account of the technique used and some of the difficulties
encountered is given in the second part of this report (Parkes and Crook,

1969). Some of the more general points are considered below:

(a) Range of briefing drawings

At an early stage of this work it was necessary to decide at what range
or ranges the briefing drawings should deplet the target. The serles of
photographs used to simulate the TV display in previous experiments showed
each target at ranges of 1, 2, 3 and 4 miles,and it had been found that
performance, in terms of detection probability, search time and confidence
level, deteriorated markedly as range increased from 1 to 4 miles, Under
operational conditions it is important that the target should be detected
and identified as early as possible, and therefore in considering at which
range or ranges the target should be deplcted the need to improve perform=-

ance at longer ranges was of primery importance.

Another consideration was the type of targets studled. A small target
might be difficult to detect at a range of, say, 2 mliles, whereas a large,
conspicuous target might be readily detected at ranges considerably greater
than this. It seemed possible that the optimum briefing range would be
different for the two types of targets. It was finally decided that in the
present experiment the briefing range, 1.e. the range at which the target
was shown in the briefing drawings, should be 2 miles and 4 miles, and in
addition to testing the effect of each briefing range independently, their
combined effect, if.e. presenting both 2 and 4 mile briefing drawings

slmiltaneously, would also be tested.
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(b) Specification of drawings

The following parameters were specified to the consultant who prepared
the drawings:
(1) Altitude: 2,000 ft,
(11) Fleld of view 309 {(horizontal) x 22%°(vertical).
(111) 'Depression angle of camera lens axis: 100,
(iv) Range of target: 2 miles and 4 miles.

(v} Finished size of drawing: 4.8" x 3,6".

The appropriate section of 1" = 1 mile scale map was provided for each
target. The grid reference of the target was given and the approach track
marked to correspond accurately with the photographs. Thus the points of
origin of the 2 mile and the 4 mile range briefing drawings coincided as
closely as possible with the points from which the corresponding photographs

hed been taken.

At no stage during the preparation of the drawings did the artist see
the actual photographs used in the egperiment, elther for subject training
or in the test sequence, although some sample photographs not used for
experimental purposes were provided initially to allow him to make a

preliminary assessment of the problem.

(¢) Drawing technique

Although the sizes and shapes of the various different features were
fixed by the information given on the map and the principles of perspective
geometry, the most appropriate way in which to portray the features had to
be considered., Several methods were possible:

(1) A frechand technique could be used, the artist drawing each
feature in the way he thought to be most realistic. This
method had the advantage of flexibility but the disadvantage
of lack of standardisatlon.

(1i) Using commercially available shading materials, it would be
be possible to produce representations that did not depend
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on the artist's skill at freehand drawing. Each area feature,
e.g, wocdland or built-up area, would be represented by a
particular type of shading, and the line features, e.g. roads
or rallways, by lines of standard form and thickness. This
standardisation would be an advantage but these representations
would be less realistic and it would be necessary for subjects
to learn the code,

(111} A combination of (1) and (1i), combining flexibility with some
degree of standardisation,could be used,

After a preliminary investigation of different techniques, 1t was
eventually decided that the type of presentation should be r factor studied
in the experiment. Two types of representations were prepared for each
target at each briefing range. The first type, designated drawings, used
an entirely freehand technique, which was malntained as constant as possible
from one drawing to another, The second type, designated dlagrams, was
composed of mechanical shading materdials and lines of standard width. It
was carried ocut according to a fixed code. In each case the target was
marked by a red circle, £" in diameter. Important implications of the
differences between these two techniques are further considered in the
Discussion, Section 8, Examples of the finished dlagrams and drawings are

shown in Figures 5.2.3 and 5.2.4, (Section 5).

For each of the 20 targets used in the experiment, 12 for subject
training and 8 for the experimental sequence, four briefing pictures were
prepared, i.e, drawings and diagrams at 2 and 4 mlle ranges. For some
targets the correspondence between briefing plctures and the actual photo-
graphs was very good. TFor others 1t was less close, elther because of the
Inadequacy of the information shown on the map, or because the photographs
had not been taken under the specified conditions of altitude, and camera
depression angle, For instance, a slight varlation in depression angle
makes a noticeable difference to the apparent perspective and, in particuler,
to the dlstance between the aircraft and the terrain shown at the lower

edge of the display.
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The primary purpose of this experiment was to test the effectiveness of
thegse drawings and diagrams as briefing materials, relative to the use of a
map alone. However, 1t was also of interest to determine how effectlive these
specially prepared briefing materials were relative to oblique photograpﬁs.
For this reason the experiment included photographic briefing conditions in
which 2 and/or 4 mile range photographs were used, together with the map, as
briefing material; These photographs were identical to those used sub-
sequently to simulate the TV display, except that on the briefing photographs
the target position was marked as in the drawings and diagrams, The use of
these photographs for briefing represented the highest level of briefing
information, and when the range of briefing photograph coincided with the
range at whlch the target was subsequently presented, briefing information
was virtually perfect, It was of interest to determine whether this would

give rise to 100% correct detection.

One further type of briefing was also investigated. This briefing gave
the subject Information about the position of the target in the photographic
display, but no information about the appearance of the target and the
terrain features surrounding it. It consisted of the outline of the display
in which a " dlameter cirele marked the position of the target at 2 miles
range or 4 miles range. Tﬁe type of briefing, designated 'target circles!,
was intended to determine whether the effect of the plctorial briefing
materlials, if any, resulted from the information they provided about target
position or the information relating to the appearance of terrain features

in the vicinity of the target.

The static simulation technique used in this experiment was clearly
unrealistic in terms of the dynamlc nature of the visusl environment during
high-speed, low-level flight. Neverthelesas, it was hoped that the experi-~
ment would indlcate whether the use of perspective drawings as a possible
substitute for oblique briefing photographs would merit further Investig-

ation under dynamic simulation conditions.
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2. PURPOSE OF THE EXPERIMENT

Tﬁe experiment was intended to study the effects of different types
of briefing information on target detection performance, In previous
experiments in this serles subjects had only been provided with a sectlon
of an Ordnance Survey map {scale 1" = 1 mile), marked with the target
and aireraft track, for briefing purposes. The primary alm of the present
experiment was to determine whether plectorial representations of the
target and surrounding terraln, prepared by transforming the information
on the map into an oblique perspective view of the target area, lmproved

detection performance when used as additional briefing material.

These plctorial briefing materials; which were of two types, drawings
and diagrams, are described in more detall in Sectlon 5.2. They
represented the target as seen from a ground range of (a) 2 miles and
(b) 4 miles. This 'briefing range' was a further variable studied in
the experiment, elther the 2 mile or the 4 mile or both 2 and 4 mile

representationsbeilng provided.

Two other types of briefing moterial were also studied for comparison
purposes. One of these provided information about the position of the
target in the display but no information about terrain features. The
other, which represented the highest level of briefing information,
involved the use of the actual target photographs (ranges 2 and 4 miles)
as briefing material. Under each briefing condltion the map was provided
in eddition to the appropriate type of briefing material. A control
condition in which only the map was provided for briefing was also

studied.

Elght targets, each at four ranges (1, 2, 3 and 4 miles), were
used to test these briefing type and briefing range conditions and a
total of T4 unskilled subjlects took part. The performance measures
recorded were (a) detection probability, (b) search time, (¢) confidence

level and (d) briefing time.
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3. EXPERIMENTAL DESIGN

This experiment was intended to investigate detection performance
under twelve different conditions of briefing information, one of
which involved the use of a map alone, and the others the use of
different forms of plctorial briefing Information, in addition to the
map. This pictorlial briefing represented the target as seen from
(1) 2 miles and (1i) 4 miles. The following factors were studled:

(a) Type of briefing: 5 levels map + photographs

map + drawings

map + disgrams

map + target circles
map only

(b) Range of briefing: 3 levels 2 miles

4 miles

2 + 4 mlles
(c) Range of target: 4 levels 1 mile

2 mlles

3 miles

4 miles

(d) Targets: 8 levels 8 targets

The map only briefing was different from the other hriefing
types In that 1{ was not associated with a particular range or ranges.
Each of the other four briefing types were assoclated with the three
different briefing rénges giving rise to 12 possible briefing
conditions in addition to the map only condition, eleven of which
were tested in the present experiment, no data being obtained for

the map + target circles (2 + 4 miles) condition.

In considering possible designs for an experiment to test the
effect of the different briefing conditions as compared with the map
only condition, 1t was decided that each subject should only be
exposed to 8 single briefing condition. This had the advantage of
allowing the sublect to become thoroughly famliliar with the appropriate

briefing condition during initial training. A group of 4 subjects
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was assigned to each of the 12 briefing conditions (1 map only
condition and 11 map + additional briefing conditions). The four
subjects were arranged in an 8 targets x } target ranges matrix in
such a way that each subject saw each target once and once only, and
each target range twice and twlce only. Order of presentation of the
target and target range combinations was randomised for each subject.
This procedure was repeated for each of the briefing conditions and
details of the experimental schedules used are given in Appenddx I,
Care was taken to ensure that the mean and s.d. of the intelligence
scores,as measured by Heim's A,H.5 test, for each group of 4
subjects was approximately equal since previous work had shown that
there was a positive correlation petween an individual's score on
this test and the accuracy of his performance at the experimental

task,

The experimental design outlined above required a total of 48
subjects (4 subjects for each of 12 briefing conditions) and gave rise
to 32 readings per brilefing condition. Time did not allow the entire
experimental schedule to be replicated using a further 48 subjects,
but in order to obtain more data about the conditions of perticular
interest in the present experiment, further groups of four subjecis
were assligned to the map only condition, the map + dlagrams conditlons
(2, % and 2 + 4 mile briefing ranges) and the map + drawings
conditions (2, 4 and 2 + 4 miles ranges). For these seven briefing
conditions a further 32 readings per condition were thus obtained,

glving a total of 64 readings per condition.
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4, DISPLAY AND RECORDING EQUIPMENT

The display and recording equipment used In this experiment has
been described in detail in the first of thls series of reports,
No changes were made to this egulpment for the purposes of the
present experiment as the additional briefing materials used did not
regquire any special display facllities. They were simply mounted on
card and placed on the table alongside the map display. The time
taken for briefing using both the map and additional briefing, if
provided, was recorded when the subject closed the 1id of the map

display.

The photographic display was 4.8" x 3,6" in size, the viewing
distance being 13". The time the subject spent searching for the
target (1.,e., the time between the subject operating the 'start! button,
which illuminated the display, and the 'stop' button which indicated
that he was ready to designate the target) was recorded by means of
a print-out device linked to a Decatron timer. The subject's
confidence in his response, on a scale of 1-7, was also recorded
automatically. Thus the experimenter only had to record whether or
not the target had been correctly identified when the subject pointed

it out.

5. EXPERIMENTAL MATERLALS

The terget photographs and the briefing materiels used in this

experiment are described below:

5.1 Target photographs

The photographic material used was the same as that used in

previous experiments. It consisted of a series of 8" x 8" aerial
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photographs taken from an altitude of 2,000 ft. with a camera field

view of 50o X 500. 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 30° (horizontally) x 22‘%’o (vertically), In each

case the horizon appeared +" below fhe top of the displayed portion,

the depression angle of the camera being 100. For each of the 20

targets there were four photographs taken at ranges of 4, 3, 2 and

1 mile respectively along the gpproach route, Eight sets of target
photographs were reguired for the experiment, the remaining 12 sets

being used for tralning purposes.

he2 DBriefing materials

Examples of the briefing materials used are shown in Figures
5.2.1 - 5.2.5, These represent a complete set of briefing materials
for one of the eight test targets studled, Short descriptlons of the

briefing materials are given below,

5.2.1 Map sections

The maps used were 61" x 61" sections of the 1" = 1 mile Ordnance
Survey map, Sheet 169, Each map showed the target position and
Burrounding terrain with the approach route marked, The maps were

displayed in the 'track-up' orientation, as shown in Figure 5,2.1,

5.2.2 'Target circle' briefing material

The 'target circle! briefihg material was intended to give
subjects information about the position of the target on the display,
without giving him any information about terrain features, For each
target briefing material was produced showing the outline of the
display in which a small circle indicating the position of the target
in (a) the 2 mile range photograph and (b) the U4 mile range photograph,

was marked, This briefing material is shown in Figure 5.2.2,



5.2.3 Diagrams and drawings

The diagrams and drawings used as briefing materdials in this
experiment were perspective representations of the information shown
on the map sectlon prepared according to the appropriate altitude,
camera field of view, depression angle and target range. Both
drawings and dlagrams were produced to represent the target as geen
from (2) 2 miles and (b) 4 miles range. In each of the diagrams
and drawings the target was marked with a small circle. Examples of
these briefing materials are shown in Pigures 5.2.3% and 5.2.%. The
two types of representation both show the same information but,
whereas the drawings were carrled out using a freehand technique,
only mechanical shading materials together with a flxed code for
linear features were used for the diagrams. A detailed account of
the development and preparaticn of these plctorial briefing materials

is available (Parkes and Crook, 1969).

5.2.4 Photographs

The photographs used as briefing materials were identlcecal to
those described in Section 5.1 but only the 2 mile and 4 mile range
photographs were used for briefing purposes. Thus on some occasions
a subject would be provided with, say, a 2 mile range photcgraph for
briefing purposes and subsequently be asked to identify the target
in an ldentical photograph., This represented virtually perfect
briefing informatlon, although the subject did not know while he
studied the briefing photograph at which range the target would
subsequently be presented., Examples of the photographs used for

briefing are shown in Figure 5.2.5,



FIGURE 5.2.1

M section

Target 1 Cross roads at Borden Camp

Map scale: 1" =1 mile

The target is marked with an arrow on the map. The rectangle represents
the final 4 miles of the airecraft track to the target, allowing for a
possible offset error of i‘?; mile.
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FIGURE 5.2.2

Target circles

Target 13 Cross roads at Borden Camp

2 mile range

4 mile range
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FIGURE 5.2.3

Diagrams

Target 13 Cross roads at Borden Camp

2 mile range

4 mile range
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FIGURE 5.2.4

Erawiggs

Target 13 Cross roads at Borden Camp

- ’““M“. ey

LT —

2 mile range

4 mile range
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FIGURE 5.2.5

Photographs

Target 13 Cross roads at Borden Camp

2 mile range

4 mile range
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6. EXPERIMENTAL PROCEDURE

The training and test procedures used in this experiment were
similar to those used in previous experiments, The only change was
that subjects assigned to conditions in which additional briefing
materials were used, were introduced to the appropriate type of
briefing material at an early stage 1n training and all further

rractice took place using this briefing material,

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 1 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 serles of targets was presented for further practice,
After each presentation the subject was told whether or not he had
correctly located the target and, 1f not, he was given a further

opportunity to do so.

Finally a series of eleven targets was presented during which the
éubject was glven no knowledge of results. The last elght of these targets
constituted the test run. In order to prevent the subjlects placing undue
reliance on the plctorial briefing materials they were regquired to study
the map section for 90 seconds before the additional briefing materials
were presented, They were then allowed as mch further time as they
required to study the briefing materials. The subjects tested under the
map only condltion also had to study the map for a minimum of 90 seconds,
this belng the approximate mean time which subjeqts had required for map-
briefing In the previous experiments. For each presentation four measures
of performance were obtained (a) whether or not the target was correctly

detected, (b) search time, (c¢) confidence level. and (d) briefing time,
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T. RESULTS

The numbers of readings obtained for each of the briefing conditions

tested in this experiment are shown in Table T.0.

TABLE 7,0.

Numbers of readings obtained for each experimental condition,

ERTEFTNG TYFE BRIEFING RANGE (miles)
2 4 2+ 4
Map + target circles %2 - o - - -
Map + diagrams 2 (32) 32 (32) 32 (32)
Map + drawings 22 (32) 32 (32) 32 (32)
Map + photographs 32 - 32 - 32 -
MAP ONLY | 32 (32)

The basic data consisted of 32 readings (on each of four performance
measures) for the map only condition, and for each of eleven conditions
in which additional briefing materlials were used., These eleven conditions
arose from four briefing types (map + target circles, map + drawings,
map + diagrams and map + photographs), each being associated with 3 briefing
ranges (2 miles, 4 mlles and 2 + 4 mliles), These gave rise to twelve
conditions, one of which, target circles at 2 + 4 miles ranges, was not
tested in the present experiment. Each set of 32 readings was obtained
from 4 subjects, each of whom saw each of the elght targets once and each

of the four target ranges twice, 1.e, one reading per cell was obtained,
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For the map only condition, the three map + diagrams conditions

and the three map + drawings conditions an additional 32 readings per

condition were obtained from further groups of four subjects,

shown 1n brackets in Table T7.0. Thus for these conditions a total of

two readings per cell was obtained,
ment did not allow replicated data to be obtained for all the conditions

tested.

of particular interest.

In deeciding the most appropriate woy of anelysing these data a

number of factors had o be taken into account,

(a)

(v)

(c)

Different numbers of readings were avallable for different
conditions,

One block of data was missing completely (map + target
eircles, 2 + 4 miles range),

The map only condition which was, in effect, the control
condition, was not associated with any specific briefing
range, This meant that 1t could not conveniently be included
in any analysis of variance in which briefing type and briefing
range were treated as separate factors. It was therefore not
possible to determine directly from an analysis of variance
whether there were significant differences between the map
only, map + target circles, map + diagrams, map + drawings
and map + photographs briefing types, or between the map only,
map + 2 mile range briefing, map + 4 mile range briefing and
the map + (2 + 4) miles ranges briefing, However, the map
only data could be included if the eleven conditions using
additional briefing materials were treated as independent and
the briefing type and briefing range factors not considered

separately,

These are

The time available for this experi-

Additional data were therefore obtained only for the conditions
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In view of these difficulties, the analysis of the data was carried

out in two parts:

(1)

(11)

The basic 32 readings per condition for the map only condition
and the eleven conditions using additional briefing materials
were analysed for each performance measure., On account of the
small numbers of readings available, it was not expected

that highly significant results would be obtained, but these
analyses were lntended to provide an overall plcture of the
relative effectiveness of the different briefing condlitions
tested. These analyses are described in Sections 7.1 (detection
probability data), 7.3 (search time data), 7.5 {confidence

level date) and 7.7 (briefing time data).

The second part of the analysis was concerned only with the
effects of different methods of presenting map information,
i,e, with the map only condition, the 3 map + diagrams con-
ditions and the 3 map + drawings conditions. The replicated
data were used in these analyses and 1t was of particular
interest to determine, more reliably than was posslible using
only & single set of data, whether there were any differences
between the effects of the diagrams and drawings, and between
the effects of the different briefing ranges studled., For
reasons outlined at the beginning of Sectlon 7.2 these analyses
were carrled oﬁt on the data from target ranges 2, 3 and 4 miles
only, data from target range 1 mile being excluded. These
analyses are described in Section 7.2 ( detection probability
data), 7.4 (search time data), 7.6 (confidence level data) and

7.8 (briefing time data),
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In order to overcome the difficulties arising from the fact that the
map only data were not associated with any particular briefing range two
analyses of variance were carried out on each set of data. In the first
analysis the twelve briefing conditions (map only + 11 conditions using
additional briefing) were treated as independent and, for all performance
measures, it was found that briefing conditions had a significant effect
on performance, FPFurther analyses of varlance were therefore carried ocut
in each case to investigate the separate effects of briefing type and
briefing range, and interactions involving these factors. This was made
possible by exclusion of the map only data and, where necessary, by taking
account of the missing data for the target circles, (2 + 4 miles ranges)

condition.

Subsequent analyses were carrled out to determine by miltiple com=
parison tests whether the map only condition resulted in significantly
different performance from the briefing type and briefing range conditions
tested., Significant Interactions involving these factors were also
analysed, The interactions of briefing type and briefing range with terget
range were of particular importance, even if they were not found to be
significant in the analyses of variance from which the map only data had
to be excluded, It was of interest to determine how the effect of target
range on performance, for each briefing type and each briefing range,
compared with that under the map only condition, The overall effects of
targets and target ranges were not analysed in detail as they had been

fully investigated in previous experiments.

The detailed analyses of the data obtained in this experiment are
given in Sections 7.1 - 7.8 and a summary of the main results found is

given in Section 7.9.
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7.1l DETECTION PROBABILITY - ANALYSIS OF BASTC DATA FOR AIf, BRIEFING
CONDITIONS

The basic detection probhability data obtained in this experiment ;s
glven in Table 7.1.,1. This table shows the initlal 32 readings per briefing
condition used in the first part of this analysis. Two analyses of variance
were carried out on these data. In the first, given in Table 7.1.2, the
twelve briefing conditions (i.e. map only + 11 conditions using additional
briefing material) were treated as independent and a 12 (briefing conditlons)
x 4 (target ranges) x 8 (targets) factorial analysis was carried out. In
the second analysis of variance, given in Table 7.1.3, the map only data
were excluded and a 4 (briefing types) x 3 (briefing ranges) x 4 (target
ranges) x 8 (targets)analysis was carried out. In this analysis it was
necessary to allow for the missing values associated with the 2 + 4 mlles

target circles briefing condition which was not tested in this experiment.

In the analysis shown in Table 7.1.2 the effect of the twelve different
briefing conditions is significant at the 1% level and the effect of targets
is significant at the 0.1% level, as is the interactlon between the targets
and target ranges. The overall effect of target range fails to reech the
5% level. The analysis of variance given in Table 7.l.3 shows very simllar
results for the maln factors and also indicates that within the 11 briefing
conditions the effect of briefing type is highly significant. The effect
of briefing range, and the interaction between briefing range and target
range, both fail to reach the 5% level, although the latter effect reaches

the 10% level.

In the following sections the effects of briefing type and briefing
range, and the interactions of these factors with target range nre con-
sldered in more detail, the map only conditlon belng treated as the control

condition,



Basic detection probability data for all briefing conditions.
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These data relate to four subjects per hriefing condition.
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TASLE 7.1.2

Analysis of variance on detection probability data shown in Table 7.l1l.1

Source D.F, 5.3. M.S. V.R. Significance
Briefin
———Jconditions ©) 11 b uy3 0.40 2.61 p { 0.01
Target ranges (R) 31 0.97 | 0.32 2.10 N.S. {p<0.10)
Targets (T) 71 19.66 2.81 18.24 p < 0.001
CxR 33 7.34 0.22 1,44 N.S.
CxT 77| 13.16 0.17 1.11 N.S.
Rx T 21 | 13.11 0.62 k.06 p £ 0,001
Residual 231 | 35.57 0.15
TOTAL 383 | ob,o4

TABLE 7.1.3

Analysis of variance on detection probabillty data shown in Table 7.1l.1,

excluding data from the map only condition.

Source D.F, 3.8. M.S. V.R. Significance
Briefing types {(B) 3| 2.69 | 0.90 5.63(b) p < 0,01
Briefing ranges(P) 2 0.70 0.35 2,19(1b) N.S.
Target ranges (R) 3 0.97 0.32 2,00(b) N.S.
Targets (T) 71 17.67 2.52 15.75( b) p< 0.01
PxB *5 | 0,88 | 0,18 1.13(b) N.S. _
Px R 6 1.83 0.30 1.88(b) | N.38. {p<0.10)
Px T 14 1.7 0.12 - N.S.
B p.o R 9 0149 Ol05 - NISI
Bx T 21 4,01 | o0.19 1.19(b) N.S.
Rx T 21{ 13.99 | 0.67 4.19(b) p £ 0,01
PxBxR 15 3.28 | o.22 1.57(a) N.S.
PxBxT *35 5.92 0.17 1.21(a) N.S.
PXxXRxT 42 5.71 0.14 1.00(a) N.S.
BxRxT 63| 11,10 0.18 1.29(a) N.S.
Residual (a) 105| 15.1% .14
Residual (D) 260 | 41.14 0.16
(Residual (a) +
FBR, PBT, PRT, BRT)
TOTAL 3511 86.06
*These valuesg are reduced to take account of the missing data for the
map + target circles (2 + 4 miles ranges) conditions.
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T-1.1 Detection probabllity: the effect of briefing conditions.

The analysls of variance given in Table 7.1.2 shows that the
twelve different briefing conditions tested had a hlighly significant
effect on detection probability. However, rather than consider these
twelve briefing conditions iIndividually 1t is more meaningful to con-
slder the separate effects of briefing type and briefing range. The
effects of these factors are shown in the analysis of variance in
Table 7.1.3 but the map only data had to be excluded from this analysis
in order to conveniently analysis the briefing iype and: briefing range
factors separately. In order to compare the map only condition with
the briefing type and briefing range conditions further analyses were

necessary.

In the analysis shown in the following sections, the map only
condition is treated as the control condition and the effect of the
briefing types and ranges compared with that of the map only condition.
These multiple comparisons were made by means of Dunnett's t test, the
eppropriate value of t being selected according to the number of compar-
isons being made. When comparisons were made between briefing conditions
other than the map only condition, Student's t could be used since, in
general, 1t was possible to predict a priorl the effect on detection

probability of the various briefing types and briefing ranges tested.

T7.1.2 Detection probability: the effect of briefing type

The analysis of variance gliven in Table 7.1.3 shows that briefing
type has a highly significant effect on detection probability. The
mean values obtained under each of the four briefing types included in
this analysis ére given in Table 7.1.4. For comparison purposes the

value relating to the map only condition is also given.



-3 -

TABLE 7.1.4

Detection probability values for each briefing type

Briefing type Detection probability N
MAP ONLY 0.50 32
Map + target circles o2 64
Map + diagrams 0.60 96
Map + drawings 0.54 96
Map + photographs 0.68* 96

N = Number of readings on which each value is based,
* Significantly higher than map only condition at 5% level.
Dunnett's t test (one-tail) was used to determine whether the

use of additional briefing material resulted in significantly higher
detection probabllities than the map only condition. Omnly for the
map + photographscondition was a significant improvement found, but
it can be seen from Table T7.l.4 that both the diagrams and the
drawings conditions resulted in higher detection probabilities than
the map alone, whereas the target clircle condition resulted in an

overall deterioration in performance.

Comparisons within the four condlitions using additional briefing
material, carried@ out by means of Student's t test, showed that the
map + photographs condition resulted in a significantly higher
detection probability than the map + drawings and map + target circles
conditlons, In addition, map + dlagrams were slgnificantly more
effective than map + target circles, but otherwise differences were
non-significant, It is of particular interest to note that the use
of photographs as additional briefing material did not result in

significantly better performance than the use of d&lagrams.
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7.1.3 Detection probability: The effect of briefing range.

The effect of briefing range on detection probability fails to
reach the 5% significance level in the analysis of variance given in
Table 7,1.3. The mean detection probabilities achieved under each of
the three briefing range conditions are shown in Table 7.1.5. The
value obtained under the map only condition is alsoc shown for comparison

purposes,

TABLE 7.1.5

Mean detection probabilities under each briefing range condition

Detection probability N

MAP QNLY 0.50 32
Briefing range:

> miles 0.54 128

4 miles 0.56 128

2 + 4 miles 0.65 96

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

For each briefing range the mean detection probability was higher
than.that for the map only condition but none of these differences
reached the 5% significance level, as determined by Dunnett's t test.
However, the difference between the map only condition and the 2 + 4
miles briefing range condition, 0.15, only Just failed to reach
significance, These results suggest that simultanecus presentation of
briefing information.at both the 2 and the 4 mile ranges is more

effective than at either of these ranges alone.
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7.1.4 Detection probability: the interaction between brlefing type

and target range.

The analysis of variance given iIn Table 7.1.3 shows that the
interaction between range and briefing type is not significant,
indicating that target range has the same effect on performance under
each of the four briefing conditions inecluded in this analysis. This
effect can be seen in Flgure 7.1l.1 in which the data glven below in
Table 7.1.6 are displayed graphically., The four lines corresponding

to the four briefing conditions do not differ substantially in form,

TARLE 7.1.6

The effect of range on detection probability under each type of briefing

B TARGET RANGE (miles)
1 2 3 4 :
MAP ONLY 0.87 | 0.50 |o0.37 | .25 8
Map + target circles O. 44 O.44 0.50 0.31 16
Map + diagrams 0.50 0.67 0.67 0.58 |24
Map + drawings 0.54 0.58 0.54 0.50 24
Map + photographs 0.63 0.79 .71 0.58 24

N = Number of readings on which each value 1s based.

In this table, and also in Figure 7.l.1, the data relating to the
map only condition are alsc shown. It can be seen that the form of
these map only data is very different from those relating to the
conditions using additional briefing materials. Under the map only
condition the effect of range is to produce a Eonsistent and marked
deterioration in performance as range increases from 1 to 4 miles.
When photographs, drawings or diagrams are used as additional briefing
material detection probability increases from 1 to 2 miles and then
deteriorates slowly as range is further increased to four miles. As a

result, under each of these briefing conditions detection probability
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FIGURE 7.l.1

The interaction between briefing type and target range
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is lower than that for the map only condition at range 1 mile but higher for
each of the longer ranges. FPossible reasons for this marked reversal of

effect are considered in the discussion.

Dunnett's t test was used to determine whethep within any particular
range condition, significantly higher detectlon probabilities resulted from
the use of any of the additional briefing materials as compared with the map
only condition., To reach the 5% significance level on & one~tail test the
values relating to the diagrams, drawings and photographs conditions at each
range had to be higher by 0,35 than the corresponding value for the map only
condition. It can be seen in Table 7.1.6 that none of the values reached
this level although one value for the map + photographs condition (3 miles
range) was very close to it. The relatively large value necessary to reach
significance resulted from the fact that the range means, particularly those

for the map only condition, were based on small numbers of readings.

Using Student's t independent comparisons were made between the mean
values for each of the four conditions using additional briefing material. The
results showed that there were no significant differences between the photo-
graphs, drawings and diagrams condltion at any of the four ranges, but at each
range the map + photographs condition, which provided the most additional
information, resulted in significantly higher detection probabllity than the

map 4 target circles condition that proﬁided the least additional Information.

T.1.5 Detection probability: The interaction between briefing range
and target range

The analysls of variance given 1n Table T7.l1.35 shows that the interaction
between briefing range and target range falls to reach the 5% level, although
p <0.10 indicating some tendency for ﬁhese two factors to interact. This
analysis did not include the data from the map only condition, but in Takle
Te.l.,7 which shows the effect of target range on detectlon probablillty under
each briefing range condition, the corresponding values for the map only

condition are also given for comparison purposes.
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TABLE 7.1.7

The interaction between briefing range and target range

TARGET RANGE (miles) N
1 2 3 4

MAP ONLY 0.87 0.50 0.37 0.25 8

BRIEFING RANCE
(miles)

2 0.50 0.72 0.59 0.34 32

4 0.56 0.53 0.56 0.56 32

2+ 4 0.54 0.67 0,71 0.67% 24

N = Number of readings on which each value is based,
# Significantly higher than the corresponding value for the map

only condition at the 5% level.

The data shown in Table 7.1.7 are dlsplayed graphically in Flgure
7.1.2, It can be geen that, as would be expected, the 2 mile briefing
range results in enhanced performance when the target range 18 also 2 miles,
but has relatively little effect when the target range is 4 miles. Con~-
versely, the 4 mlle briefing range is particulariy effective when the target
range is 4 miles but has only a small effect when the target range 1s 2
miles, The 3 mlle target range 1s favourably affected by both the 2 mile
briefing condition and the 4 mile briefing condition, Under the third
briefing condition, both 2 and 4 mile briefing was presented simultaneously
and, as shown in Flgure 7.1.2, this had the effect of substantially improving
performance at target ranges of 2, 3 and 4 miles, the improvement, relative
to the mop only condition, heing greater the greater the target range.

Under each briefing range conditlon, performance for the 1 mile target
range deteriorated markedly relative to the map only condition. In spite
of the fact that the 1mprovement at longer ranges was in some cases quilte
large, only those values marked with an asterisk in Table 7.1.7 were

significantly greater than the corresponding map only condition.
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FIGURE 7.1.2

The interaction between briefing range and target range
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T.2 DETECTION PROBABIIITY - ANALYSIS OF REPLICATED DATA FOR MAP ONLY,
MAP + DIAGRAMS AND MAP + DRAWINGS CONDITIONS.

The results described in Sectlon 7.1 related to four types of
briefing in addition to the map only condition. This section is con-
cerned with a more detalled analysis of two of these types of briefing,
map + dlagrams and map + drawings, The analyses described previously
indicated that these plictorial briefing materials, which were derived
solely from the information given on maps, tended to increase the probab-
1lity of detection as compared with the map only condlition. The purpose of
thlis further analysis was to use the replicated data‘available for these
seven conditions (map only, map + diagrams at 2, 4 and 2 + 4 miles, and
map + drawings at 2, 4 and 2 + 4 miles) to determine, more reliably than
was possible using a single set of data, whether there were any significant
differences between the diagrams and the drawings, and between the three
briefing ranges tested. In addition to providing more specific and reliable
- information of the effects of these experimental briefing materlals under the
static slmulation conditions used in thls study, it was hoped that this
analysis would indicate which type and range (or ranges) of briefing could

most usefully be developed for further investigation under dynemic simulation

conditions.

The results desceribed in Section 7.1l indicated that the use of briefing
materials representing the target as viewed from 2 and/or 4 miles ranges had
a favourable effect on performance, relative to the map only condition, at
target ranges of 2, 3 and 4 miles. This was an encouraging result in that
the pictorial briefing material had been developed primarily to facllitate
the detection of targets at longer ranges. At the 1 mile target range,
however, the use of briefing meterial which emphasised longer ranges proved
detrimental to performance to such an extent that the detection probability
at the 1 mile target range was lower than that at the 2 mile target range.
This result i1s of some interest in the context of the static simulation tech-
nigue used in this experiment but 1t is of less Importance 1n relation

to the possible use of these plctorial briefing materials under dynamic
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conditions, which allow the observer a continuous view of the terrainr
as he approaches the target. If he correctly recognises the target at,
say, a renge of 2 miles, 1t is very unlikely that he would be unable
to recognise it at shorter ranges. The anomalous results obtained

at the 1 mile target range ln the present static experiment therefore
distorted the overall results in a manner which was mlsleading in that
1t would not occur under dynamic conditions. For this reason it was
decided that the analyses described in this section should be carried
out on the data relating to target ranges of 2, 3 and 4 miles only,

the 1 mile range data belng excluded except where specifically mentioned.

The complete set of raw data for the map only condition, the map +
dlagrams conditions and the mep + drawings conditions is shown in
Table 7.2.1. The analyses of variance carried out on the data taken
from Table 7.2.1 (ranges 2, 3 and 4 miles only) are shown in Tables
7.2.2 and 7.2.%5. In the first of these analyses the seven briefing
conditions have been treated as independent and a 7 (briefing conditions)
x 3 (target range) x 8 (targets) factorial analysis has been carried
out, the results being shown in Table 7.2.2. The second analysis of
variance, shown in Table T7.2.3, did not include the map only data,
a 2 (type of briefing) x 3 (range of briefing)x 3 (target range) x

8 (targets) analysis being carried out. In each analysia target range

and target differences, and the interaction between them are,sigﬂificant
but, whereas Table 7,2.2 shows that briefing conditions are highly
slgnificant, Table 7.2.3 indicates that when map only data aee excluded
nelther type of briefing rncr range of briefing is significant, In

the following sections the effects of these main factors, as compared
with the map only condition are considered in more detail, together
with the more important interaétions. The overall effects of target
range, and targets, and the interaction between these two factors, is
not further discussed as, although these effects were significant,

they have been fully investigated in previous experiments,
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| TABLE 7.2.2 _
Analysis of variance on detection probability data shown in Table 7.2.1%

Source D,F. S.S. M.S. V.R. Significance
Briefing conditions(C)}l 6 2.94 0,49 3.,06(b){ p< 0.0l
Target ranges (R 2 1.50 0.75 4,69(b) p < 0,05
Target .s"ET? : 7 20.16 2.88 18.00(b) p.< 0.001
CxR 12 1.92 0.16 1.00(b) N.8.
cxT 42 7.98 0.19 1.19(b) N.S.
Rx T 14 T7.28 0.52 3.25(b) p € 0.001
CxRxT 84 14,62 0.17 1.06{a) N.S.
Residual (a) 168 27.1% 0.16 .
Pooled residual (b) a5l 41.76 0.16
(Residual (2) + CRT)
TOTAL 335 | 83.54

TABRLE 7.2.

Analysis of variance on detection probability data shown in Table 7.2.1%,

excluding the data from the map cnly condition

Source D.F. 3.8. M.S. V.R. Significance
Briefing types (B) 1 0.03 0.02 - (e) N.3.
Briefing ranges (P) 2 0.44 0.22 1.29(c) N.S.
Target ranges (R) 2 0.92 0.46 2.71(e) | N.8. (p<0.10)
Targets {T) 7 16.11 2.34 13,76(c p £ 0.001
PxB o1 1.09 0.55 24(e)|  p.< 0.05
PxR 4 1.11 0.28 1,65(c) N.S.

P X T 14 luEl 0109 bl (c) N.S.

B p. 4 R 2 0.02 0.01 - (c) NoSo
Bx T 7 2.89 .41 2.41(c) 0,0
Rx T 14 7.08 0.51 3.00(c) p < 0.01
PxB=xR 4 0.61 0.15 - {(b) N.S.
PxBxT 14 1.92 O.14 - (b) N.S.
PxRxT 28 5.74 0.21 1.31(b) N.S.
BxRxT 14 3.06 0.22 1.38(b) N.S.
PxBxRxT 28 4,13 0.15 - (a) N.S.
Residual (a) 144 23.50 0.16

Pooled residual (b) 172 27.63 0.16

(Residual (a) + PBRT)

Pooled residual (c¢) 232 38.96 0.17

(Pooled residual (b) +

FER, PBT, PRT, BRT)

TOTAL 287 70.16

*The data from target range 1 mile are not included in these analyses.
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T.2.1., Analysis of replicated detection probability data: the effect
of briefing condltions.

The analysis of variance given in Table 7.2.2 indicates that the
effect of the seven briefing conditlons on detection probability 1s highly
significant. The effects of briefing type (dlagrams and drawings) and
briefing range (2, 4 and 2 + 4 miles), which give rise to six of these
briefing conditions are considered below, in compariscn with the map only
condition, The significant interaction between these factors in considered
in Section 7.2.6.

7.2.2 Analysls of replicated detection probabllity data: the effect
of briefing type.

The mean detection probabilities achieved under each of the briefing
type conditionsconsidered in this section are given in Table 7.2.4. The
analysis of variance in Table 7.2.3% shows that the effect of briefing type
(drawings and diagrams only) is non-significant but, as can be seen in Table

T7.2.4, the map only condition resulted in considerably lower detection

probability.
TABLE 7.2.4
Detection probabilities for each briefing type
Briefing type Detection probobllity N
MAP ONLY 0.40 48
Map + diagrams 0.59%* 144
Map + drawings 0.57** 144

N = Number of readings on which each value in based.
#% Significantly higher than the map only value at 1% level.

Dunnett's t test was used to determine whether the map + di;grams
and the map + drawings condltions resulted in significantly higher
detectlon probabllities than the map only condition., The results
showed that both briefing types resulted in highly significant
improvements in detection probability as compared with the map only
condition {p {0.01 in each case), As can be seen in Table 7.2.4
there was virtually no difference in effectiveness between the drawings

end diagrams conditions. conflrming the results of the analysis of variance.
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T.2.3 Analysis of replicated detection probability data: the effect

of briefing range

The detection probabilitles achieved under each condition of
briefing range are shown in Table 7.2.5. The map only value is also
shown. As stated previously, these data relate to target ranges of

2, 3 and 4 miles only.
TABLE 7.2.5

Detection probabilities for each briefing range

Condition Detection probability N

MAP ONLY 0.40 48

Briefing range:

2 miles 0.55* 96
4 miles 0.55** 96
2 + 4 miles 0, 64** 96

N = Number of readings on which each value is based,
* Significantly higher than map only condition, 5% level,
#% Significantly higher than map only condition, 1% level.

The mean detection probabillity associate@ with the map only
condition was compared with each of the three values associated with
the different briefing ranges by means of Dunnett's t test., It was
found that each briefing range value was significantly higher than that

for the map only condition, the 2 mlle and the 4 mlile values at the

A% significance level, and the 2 + 4 miles value at the 1% level.

Although the analysis of variance given in Table 7.2.2 indicated
that briefing range did not have an overall significant effect on
detection probability, independent comparisons between the three
briefing range conditlions showed that the 2 + 4 miles briefing range
conditlon resulted in a significantly higher detection probabllity
than either the 4 mile or the 2 mile briefing range condition (Student's
t, one~tail tests at5% level). As shown in Table 7.2.5, there was no

difference between the 2 mile and the 4 mile briefing range values.
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7.2.4 Analysis of replicated detection probability datas: the interaction
between briefing type and target range,

The analysis of variance given in Table 7.2.3 shows that the
interaction between briefing type and target range (2, 3 and 4 miles)
is not significant. The relevant data are given in Table 7.2.6 and
shown graphically in Figure 7.2.1, together with the map only data
for comparison purposes. It can be seen that, at each of the three
target ranges included in the analysis of variance, differences
between the drawings and the dlagrams conditions are very slight,
whiéh is in accordance with the extremely small variance associated

with the briefing type x target range interaction in Table 7.2.3.

TAELE 7.2.6

The interaction between target range and briefing type

Target range (miles)
N
(1) 2 3 i

MAP ONLY (0.75) 0.56 c.37 | 0.25 16
Map + dlagrams (0.56) 0.67 0.56 0.54* 48
Map + drawings (0.52) 0.65 0.56 0.50# 48
Mean for
meps + diagrams (0.54) 0.66 0.56 0.52%% | 96
and maps + drawings

N = Number of readings on which each value is based.
#* Significantly higher than corresponding value for map only, 5% level.
** Significantly higher than corresponding value for map only, 1% level.

As shown in Figure 7.2.1, under both the drawings and dlagrams
conditions, detection probablility deteriorates less rapidly with
increasing range than under the map only condition, although this
could not be shown by the analysis of variance in Table 7.2.3, in

which the map only data had to be excluded.
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FIGURE 7.2.1

The interaction between briefing type and target range.
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Dunnett's t test was used to compare the detection probability
at each target range under the map only condition with the corresponding
values under the drawings and diagrams conditions, Only the values
relating to the 4 mile target range were found to be significantly
higher than the corresponding map only velue, In addition, the mean
detection probablility at ecach range for the drawlngs and diagrams
combined was calculated and these values compared with the corresponding
map only values by means of Student's t test. Significant improvements

were found at 3 miles and at 4 miles but not at 2 miles.

Since the data glven in Table 7.2.6 is broken down into individual
target range values the data for the 1 mile range 1s also shown although,
for reasons discussed previously, these data have not bheen included in
the main analyses described in this section. It can be seen that, as
shown by the analyses in Section 7.1, the drawings and diagrams
conditions have a detrimental effect on performance at the 1 mile target

range.
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7.2.5 Analysis of replicated detection probability data: the interaction
between briefing range and target range.

Thelanalysis of variance given in Table 7.2.3 shows that the
interaction between target range and the range at which the briefing
material was presented is not significant. The map only condition,
which was not associated with a particular briefing range, was not
ineluded in the analysis. The relevant data are shown in Table 7.2.7,

together with the map only data for comparison purposes.

TABLE T7.2.7

The interaction between range of briefing and range of target

Briefing Rangze of target {miles)}
N
condition 1 o 3 4
MAP ONLY (0.75) 0.56 0.38 0.25 16

Briefing range:

2 miles (0.59) 0.75 0.50 0.4 32
4 miles (0.53) 0.59 0.53 0.53*% | 32
2 + 4 miles (0.50) 0.63 0.66% | 0.63% | 32

N = Number of readings on which earh value is based.
* Signiflcantly higher than the corresponding value for the
map only condition, 5% level,
In Table 7.2.7, and in Figure 7.2.2 which shows the data graphically,
the values for the 1 mile range condition are included to complete

the set of data, but as indicated previocusly these 1 mile range values

have not been included in the other analyses in this section.

Dunnett's t test was used to determine whether any of the values
shown in Table T7.2.7 relating to the three briefing range conditions
were significantly higher than the corresponding values for the map

only condition, For the 4 mile target range both the 4 mile briefing
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FIGURE 7.2.2

The interactlion between briefing range and target range.
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and the 2 + 4 mile briefing resulted in significantly higher
detection probability, For the 3 mile terget range, briefing at 2 +
4 miles significantly improved detection probability. Otherwlse none
of the values reached the 5% significance level although,as cen be
seen in Figure 7.2.2, the 2 mile briefing produced a considerable

improvement in performance at the 2 mile range.

7.2,.6 Analysis of replicated detection probabllity data: the

interaction between briefing type and briefing range.

The analysis of variance in Table 7.2.3 shows that the interaction
between briefing type and briefing range is significant at the 5% level,
Mean detection probabllity values for each briefing type and briefing
range are given in Table 7.2.8, together with the value obtained under
the map only condition. These data are shown graphically in Figure

T.2.3.

TABLE 7.2.8

The interactlon between briefing type and briefing range

Briefing range "
Briefing type miies mi?es iiiei
Map + diagrams 0. E5%* 0.50 0.63% 48
Map + drawings 0.46 0.60% 0., 65%* 48
MAP ONL;F = 0.40 48

N = Number of readings on which each value is based.
# Significantly higher than map only value, 5% level,
#% Significantly higher than map only value, 1% level.
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Dunnett's t test was used to determine whether the detection
probabilities achieved under the drawings and diagrams conditions at
each briefing range were significantly higher than that for the map only
condition, It can be seen in Taéle 7.2.8 that only in two cases, map +
diagrams at 4 miles, and map + drawings at 2 miles, did the values fail
to reach significance, It was also found that the map + diagrams at
2 miles resulted in a significantly higher detection probability than
the map + drawings at 2 miles, At the 4 mile briefing range the effect
was reversed, the map + 4 mile drawings resulting in a considerably
higher detection probability than the map + 4 mile diagrams, although

this difference did not reach the 5% level using Student's t test,

This reversal of effect gave rise to the interaction betwsen briefing
type and briefing range found in the analysis of variance in Table 7.2,3
and shown graphlically in Figure 7.2,%. There is no obvious explanation
of this interaction, Inspection of the raw data in Table 7.2.1 showed
that the difference between the effects of drawings and diagrams at
the 2 mile briefing range arose largely from one target, Target 15,
Detection probability for this target (ranges 2, 3 and 4 miles only)
using 2 mile briefing was 0,00 for the drawings as compared with 1.00
for the diagrams. However, in the case of the 4 mile briefing range the
detection probabilities achieved with the drawings were higher than
those for the diagrams for six out of the eight targets. Therefore
the interactlon cannot be ascribed entirely to the anomaloug results

for one target,
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Te2.7 Analysis of replicated detéction probability data: the

interaction between briefing type and targets,

Although the analysis of variance given in Table 7.2.2 does not
show a significant interaction between briefing conditions and targets,
there is a significant interaction, shown by the analysis of variance
given in Table 7.2,3, between briefing types and targets, This indicates
that the drawings and diagrams differ in their effect on individual
targets. The mean detection probabilities for each target under the
diagrams and drawings conditions are shown in Table Te2.9, together
with the corresponding values obtalned under the map only condition,

These data are shown graphically in Figure 7.2.4,

TABLE 7,2,

The interaction between targets and briefing types

TARCETS

i 3 6 13 15 16 17 20

MAP ONLY | 0.00 0.50 0.67 { 0.16 | 0.00 {1.,00 | 0.16 | 0.67] 6

Map + , |
Stograms | 028 | 0.83 | 0.67 { 0.28 | 0.67% [0.89 | 0.33 | 0.78) 18
Map +

drawings | O-44* | 0-89% | 0.38 | 0.50 | 0.33 {0.89  0.17 | 0.9%( 18

N = Mumber of values on which each reading is based.

* Significantly higher than corresponding map only value, 5% level.
Dunnett's t test was used to determine for which targets either

the drawings or the diagrams conditions resulted in significantly

higher detection probabilities than the map only condition. Calculations

showed that to reach the 5% level the improvement in detection

probability had to reach 0,36 and, as shown in Table 7.2.9, only three

values reached this level although considerable improvement cccurred

for several other targets. TFor Target 16 the detection probability
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The interaction between targets and briefing types
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The data from target range 1 mile have been omitted from this analysis.
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achieved under the map only condition was 1,00, thus leaving no scope

for improvement under the drawings and diagrams conditions and, in

fact, a slight deterioration took place, The only other target to

show no improvement under the additional briefing conditions was Target 6,
There is no apparent reason why the pictorial briefing material for this
target should be less effective than that for the other targets, but

there was some evidence from a previous experiment that the map only

value was unexpectedly high for this relatively difficult target.

The interaction between targets and briefing conditions was further
investigated by dividing the eight targets into two groups, Targets 3,
16 and 20 comprising the group of large targets, and Targets 1, 6, 13,
15 and 17 the group of smzll targets, The variation due to the targets
X briefing types interaction was then partitioned to determine whether

target size interacted with briefing type., This analysis is shown in

Table 7.2.10,
TABLE 7.2,10

Partition of targets x briefing types interaction

Source D.F. | S.8. M. 5. V.R, |Significance
B x T* ‘ 7 | 2.89 | 0,41 | 2,41 < 0.
B x Target size 1 0,49 0,49 2.89 {N.S.(p ¢0.10)
Bx T 4 2.32 0.58 3.42 p €0,01

(within small targets)

Bx T 2 0.08 O-O‘l" - N,S,.
(within large targets) |

RESTIDUAL® 292 |50.55 | 0,17

*These values are taken fron the analysis of variance in Table 7.2.3.
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This analysis shows that the interaction between targets and briefing

types occurs only in the group of small targetis,

This can be seen 1n

Figure 7.2.4 which shows that the three lines representing the large

targets are virtually coincident whereas of the five lines representing

small targets, two slope upwards from diagrams to drawings and two slope

doﬁnwards, thus giving rise to the highly significant interaction between

small targets and briefing types,

The interaction between type of briefing and target size falls to

reach the 5% significance level, although p <0,10 which suggests a tendency

for targets of different sizes to be differently affected by the briefing

types, This can also be seen from Table 7.2.1Ll.

TABLE 7.2.11

The interaction between target size and briefing type

Large targets N Small targets NAﬁW
(3) (5)
MAP ONLY 0.72 18 0.20 30
Map +
41 agrams 0.83 54 0. 45%% 90
Map +
drawings 0.91 54 0. 36% %

N = Number of readings on which each value i1s based,
**gignificantly higher than map only value at 1% level.
¥3ignificantly higher than map only value at 5% level.

As shown 1n this table, the improvement in detectlion probability

due to the plctorial briefing materials is proportionately much greater

for the small targets than for the large ones.

This improvement is also

greater in absolute terms, but it should be noted that the low detection

probability values obtained for the small targets under the map only

condition allow greater possibility of improvement than the relatively

high values obtained for large targets under map only condition.

t test showed that both the drawings and the diagrams resulted in

Dunnett's
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slgnificantly higher detection probabilities than the map only for small
targets but neither of the values for large targets reached significance,
although that for drawings was very close to 1t, It can be seen from
Table 7.2.11 that, whereas diagrams proved to be the more effective form
of briefing for small targets, for the large targets drawings were more
effective, This apparent interaction should not be over-emphasised
since it failed to reach the 5% significance level but it is perhaps

worth further investigation.

Analyses were carried out to determine whether target size interacted
with briefing range, i.e. whether the optimum briefing range for large
targets was different from that for small targets, No such interaction
was found and the data suggested that for both large and small targets
the 2 mile and the 4 mile briefing ranges were equally effective., In
each case the 2 + 4 mile briefing ranges resulted in greater improvement

than either of these briefing ranges separately.
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7.5 SEARCH TIMES - ANALYSIS OF BASIC DATA FOR ALL BRIEFING CONDITIONS,

The analysis of the search time data was analogous %to that of the
detection probability data, i.e, the effects of the five different types
of briefing materials were compared using the basic data obtained from
four subjects per condition, and subsequently a further analysis of the
map only, map + diagrams and map + drawings conditions (excluding target

range 1 mile) was carried out using the replicated data from 8 subjects

per condition,

The basic raw data are shown in Table 7.3.1l. Two enelyses of variance
were carrled out on these data, In the first, given in Table 7.3.2, each
of the twelve briefing oonditions was treated as independent and a three-
way analysils of variance carrled out. Two of the main factors, briefing
conditions and targets, were highly significant but the effect of target
range failed to reach the 5% level, None of the interactions was
significant, In the second analysis of variance, shown in Table 7.3.3,
the map only data were excluded and the remaining eleven briefing conditions
partitioned into briefing type (4 levels) and briefing range (3 levels),
with due allowance being made for the missing data relaiing to the map +
target circles (2 + 4 mlles) condition. Thls analysis showed that the
effects of briefing type and targets were highly significant, but the
effects of briefing range and target range, and all interzctions, were

non-significant.



Basic search time data for all briefing conditions

Brt;;:ns mr;t:ens mt‘ TARGETS ‘ Bri;:ins B":;‘;"g mt TARGETS
(miles) |{milea)} 1 3 6 13 15 16 17 20 (miles) [(milea)] 1 3 6 13 15 16 17 20
1 9.0 1.6 1.0 30 6.4 3.2 3.2 142 1 158 19.8 30 B.0 3.6 11.0 5.4 54
2 4 66 T2 54 6.4 6.0 1.6 2.4 2 13.4 8.0 25.8 1w.0 5% 2.6 =20.8 ko
MAP ONLY | = 3 |8 8.0 2.6 1.6 1.6 2.6 98 3.2 2 3 |28.6 3.0 160 5.2 18.4 3.8 27.0 2.0
4 19.2 4.2 13.4 12,4 4.0 10.4 18,8 6.0 b 6.6 12,2 47.8 13.8 15.4 7.0 19.6 12.8
1 1.8 8.0 1.0 er.2 8.4 52 40 27.8 1 1.6 1.0 11.0 11.8 6.2 1.4 6.8 13.2
2 i27.% 48 18.8 8.2 29.8 46 1.0 3.6 MAP 2 7.0 4.6 1.4 11.0 18.2 8.2 158 3.6
2 3 |1.8 152 3.0 180 3.8 262 62 7.0 * * 3 |52 66 9.2 166 7.4 188 7.2 7.6
AP 5 314 3.6 46.8 7.6 1h2 17.2 29.6 7.2 DRAWLNGS 4 |36.2 6.6 28,4 5.4 258 7.6 12.6 4.8
+
TARGET
CIRCLES 1 6.2 3.0 4.6 162 f.2 17.2 10,4 1T.% 1 26.0 13.2 12.8 »20.0 lo.4 48.2 3.2 9.0
2 0.4 0.8 19.2 12,2 35.0 7.2 2h2 7.4 2 18.6 1.8 130 5.8 12.4 2.4 17.2 2.8
* 3 132 17.0 8.8 264 10.0 16.2 156 22.2 2+% 1 3 2004 276 250 7.6 232 16.8 7.8 13.0
) 8.8 7.2 10.4 242 23.8 4.6 15.8 2.8 b 8.8 2.0 90 9.4 17.2 21.8 29.2 2l.%
1 29.8 3.8 154 .6 3.4 9.2 l2 4o 1 15,0 17.2 1:2.2 9.8 8.6 9.8 5.0 9.2
2 (5.0 11224 7.6 103 158 48 7.2 2.8 2 6.8 2.2 2.6 48 44 B8 42 2.6
2 3 25.2 13.0 26.2 68 9.4 132 7.6 14.8 2 3 46 4.2 4o 10 52 9.4 32 2.0
4 9.6 8.6 9.2 13.6 340 9.2 12,8 9.6 % 20,8 56 7.0 144 58 1.6 18.2 6.2
1 6.6 7.8 27.0 6.8 364 =230 2.8 27.8 1 (lo.y 42 36 130 13.0 142 1.2 B.%
HAF 2 [164 17.0 428 1.6 46 56 G4 29.0 MAP 2 |98 1.6 8.8 2.6 2.8 64 18.2 2.8
+ 4 3 |3.6 88 9.8 212 66 54 3.8 64 + 4 3 L 100 3.2 96 48 34 104 134
DIAGRAMS L 8,0 38 54 50.4 18.2 21,8 27.4 1l.0 m 4 9.0 42 1.2 2.8 0.2 32 8% |l
1 5.0 3.0 128 9.6 37.6 1.k 30 4,2 1 |19.¢0 2.8 7.8 88 26,0 T.2 40 3.6
2 ek 10.6 J.0 HE 21,2 2.2 5.2 5.6 2 5.4 1.2 7.4 54 1.6 28 %o 1.6
2+ b 3 2,4 32 7.8 B.6 7.0 228 252 3.6 244 3 |2.2 2.8 54 44 26 156 4.6 bE
& 6.0 3.4 20,2 k2 6.2 b2 18.% 15,0 4 7.4 2.8 4.0 11.8 5.0 4.8 4.6 8,0

All the search times are given in seconds, The values underlined relate to incorrect responses
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TABLE 7.3.2

Analysis of variance on search time data shown in Table 7.3.1

Source D.F. 8.8. M.S. V.R. | Significance
Briefing
conditions (C) 11 5086.40 462,40 | 6.20(b) p £ 0.001
Target ranges (R) 3 505.59 168.53 | 2.26(b) | N.8. (p .0.10)
Targets (T) 7 2256.10 322,30 | 4.32(b) p £ 0.001
CxR 33 1833.81 55.57 - (a) N.S.
CxT 77 2889.04 37.52 - (a) N.S. .
RxT 21 2192,82 104.42 | 1.20(a) N.S,
Residual (a) 231 20062.35 86.85
Pooled residual (b) 362 26979.86 T4.53

(Residuwal (a) +

CR, CT, RT)
TOTAL 383 34826.11

TABLE 7.3.3

Analysls of variance on seafch time data shown 1in Table 7.3.1,

excluding data from the map only condition.

Source D.F. 8.5. M.S. V.H, Slgnificance
Briefing type (B) 3 3620.25 {1206.75 115.08(c) p £ 0,001
Briefing range (P) 2 241,40 120,70 | 1.51(e) N.S.
Target range (R) 3 419,16 139,72 | 1.75(e) N.S.
Targets (T) 7 2302.51 328.93 | 4.11(c) p <€ 0.001
Bx P *5 819.95 | 163.99 | 2.03(b) | N.S. (p<0.10)
Bx R 9 440,01 48,89 - (b) N.S.
Bx T 21 976.50 46,50 - (b) N.S.
PxR 6 761.88 126,98 | 1,57(b) N.S.
PxT 14 587.72 41,08 - (b) N.S.
Rx T 21 2273.25 108.25 | 1.34(b) N.S.
Bx PxR *15 557.09 37.1% - (a) N.S.
BxPxT *35 1140.34 32,58 - (a) " N.S.
BXxRxT 63 6275.75 99,62 - (a) N.S.
PXRxT 42 3026,10 72.05 - (a) N.S.
Residual (a) 105 10024,75 95.47
Pooled residual {b) 260 21024, 03 80.86
(Residual (a) +
BPR, BPT, BRT, FRT)

Pooled residual (c¢) 336 26883, 34 80,01
(Pooled residual (b)+

BP, BR, BT, PR, PT, RT)

TOTAL 351 | 33466.66

*These values are reduced o take into account the missing data for the
map + target circles, 2 + 4 miles ranges, condition,
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7.3.1 Search times: the effect of briefing conditions.

As shown in Table 7.3.2, the effect of briefing conditions on search
time is highly significant but, as in the case of the detection probabllity
data, 1t is more meaningful to consider the separate effects of briefing
type and briefing range, the two factors that glve rise to the briefing
conditions. The effects of these factors are shown in the analysis of
variance in Table 7.3.3. This analysis does not include the map only
condition which was not assocliated with any briefing range. In the analyses
that feollow the map only condition ls treated as the control condition and
the effects of briefing types ard ranges are compared with that for the
map only condition. These multiple comparisons were made by means of
Dunnett's t test, the appropriate value of t being selected according to

the number of comparisons being made., '

7.3.2 BSearch times: thz effect of briefing types.

Briefing type has a highly significant effect on search time as shown
in Table 7.3.3. The mean search times for each of the four briefing types

are shown in Table 7.3.4, together with the map only value for comparison

purposes.
TABLE 7.35.4
The effect of briefing type on search time
Briefing type Search time N
{seconds)

MAP ONLY 8.6 32
Map + target circles 16.1% 64
Map + diagrams 13.6% )
Map + drawings 13,.5% 96
Map + photographs 7.3 g6

N = Number of readings on whlch each value is based,.
* Significantly different from map only condition at 5% level.
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It can be seen in Table 7.3.4 that, with the exception of the photo-
graphs, all the types of additional brlefing resulted in higher mean search
times than the map only condition, These differences were significant at
the 5% level. The map + photographs condition resulted in a marginally
lower mean search time than the map only condition hutthe difference was not
significant. The low value resulting from the use of photographs for briefing
can be explained by the fact that one third of the 96 readings obtained for
thls condition related to presentations in which subjects were required to
find the target in a photograph identical to one shown to them for briefing
purposes. As can be seen In the raw data, Table 7.3%.l, these presentations
resulted in exceptionally low search times. The mean search time for the
map 4 photographs condition was also oonsiderably lower than those for the
other types of briefing materiel, these differences being highly significant

(Student's ¢ test).

These results clearly suggest that the use of additional briefing
materials, with the exception of photographs, increases the time requireq to
locate the target. However, this result must be regarded with some caution
as the resulis of previous work suggest that the mean search time obtained
in the present experlment for the map only conditlion is unexpectedly low,

Six of the targets used in the present experiment had also been used under
closely comparable conditions in two previous experiments., The mean search
time values obtained in these experiments were 13.4 seconds and 15.7 seconds
respectively, as compared with 8,5 seconds for the same targets and target
ranges in the present experiment under the map only condition. This indicates
that it may be misleading to use the map only value cbtained in the present
experiment as a basls for comparisons with other briefing conditions. The
higher mean values found in previous experlments are closely comparable with
the values obtained under the drawlngs and dlegrams brilefing conditions in

the present experiment. These briefing conditions are further analysed using

the replicated data in Section 7.4 From the above results i1t can be coneluded
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that, with the exception of photographs, additional briefing materials do
not reduce the mean search time required and appear, in fact, to increase

1t although this latter result must be interpreted cauticusly.

Te3.3 Search times: the effect of briefing range,

The effect of briefing range on search time is non-significant in the
analysis of wvariance given in Table 7.3.3. The relevant mean search times
are given in Table 7.3.5, together with the map only value for comparison

purposes.

TABLE 7.3.5

The effect of briefing range on search time

Search time N
(seconds)
MAP ONLY 8.6 32
Briefing range:
2 miles 12.0 128
4 miles 13 .3 128
2 + 4 miles 11.3 96

N = Number of readings on which each value 1s based,
* Significantly different from map only condition at
the 5% level.

It can be seen that the mean search times at each briefing range are
all higher than the value for the map only condition, but only one of the
values is significantly different from the map only value. In comparing the
three briefing range values with that for the map only condition exactly the

same considerations apply in relation to the unexpectedly low value

for this condition as were discussed in the previcus sections.

There were no slgnificant differences between the values for the three

different briefing ranges, confirming the results of the analysis of varlance.
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7.3.4 Search times: the interaction hetween briefing type and

target range.
The analysis of variance given in Table 7.3.3 shows that the inter-

action between briefing type and target range is non-significant. The mean
search time values for each briefing type at each target range are shown

in Table 7.3.6. The map only values are given for comparison purpcses
although these data were not included in the analysis of varlance in Table

7-3-3.

TABLE 7.3.6

The effect of target range on search time for each briefing type

Target range (miles)
Briefing type N
1 2 3 4
MAP ONLY 7.1 5.8 10.5 11.1 8
Map + target circles 14.6 15,9% 15.8 18.2 16
Map + dlagrams 13.4 11.6 15.4 13.7 24
Map + drawings 14.0 10.7 13.5 15.9 24
Map + photographs '9.7 5.7 6.1 7.7 24

N = Number of readings on which each value 1s baosed.
All the scarch time values are given in seconds.

The data given in Table T7.3.6 are shown graphically in Flgure 7.3.1.
It can be .seen that, except for the target circles condition, mean search
times are lower, l.e. performance is better, for the 2 miles range than
for the 1 mile range. This result is analogous %o that found in the analysls
of the detection probability data for the conditlons in which additional
briefing materials were used. For the map only condition 1t would be
expected, on the basis of previous experiments, that search time would
Increase consistently with Increase in target range. However, the slight
decrease that occurs in mean search time for the 2 mile range under the map
only condition in the present experiment is non-significant and therefore

likely to be due to random effects,
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FIGURE 7.3.1

The interaction between target range and briefing type

Map +

target
cirecles

Map +
drawings

Map +
diagrams

MAP ONLY

Map +
photographs

TARGET RANGE (miles)



-7l -

It can be seen 1n Flgure 7.3.1 that the general form of the data
is simllar for each of the four conditlions using additional briefing
materials., This is in accordance with the fact that the Interaction
between briefing type and target range is non-significant. Dunnett's
t test showed that only one of the individual range means (target circles
at 2 miles range) differed significantly from the corresponding map only

value.

7.3.5 8earch times: the interaction between briefling range and target
range

The analysis of variance given in Table 7.3.3 1ndlcates that the
interaction between briefing range and target range is non-significant.
Since the ogverall effects of each of these factors individually are
also non-significant, the interaction beteeen them need not be considered

in detail,
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7.4 SEARCH TIME - ANALYSIS OF REPLICATED DATA FOR MAP ONLY, MAP +
DIAGRAMS AND MAP + DRAWINGS CONDITIONS

This analysis, which was carried out on the replicated data obtained
for seven of the briefing conditions, (map only; map + diagrems, 2, 4
and 2 + 4 miles; map + drawings, 2, 4 and 2 + 4 miles), was primarily
intendéd to determine more rellably whether there were any significant
differences between drawings and diagrams and whether these additional
briefing materials resulted in significantly different search times from
the map oﬁly condition. The raw data are shown in Teble 7.4.1. This table
includes the data from target range 1 mile but, for the same reasons as
outlined in Sectlion 7.2, these data were excluded from the analyses des-
cribed in this section, Two analyses of varlance were carried out on the
data for target ranges 2, 3 and 4 mlles. In the first, given in Table
T.4.2, the seven briefing conditions were treated as independent and the
results showed that briefing conditions had no significant effect on
search time. In the second analysis of variance, given in Table 7.%.3,
the map only data were excluded and the effects of briefing type (i.e.
drawings or dlagrams) and briefing range (l.e. 2, 4 or 2 + 4 miles) were
analysed separately. The results showed that neither of these factors

slgnificantly affected search time,

The significance of the three-way interaction 1n the analysis of
variance in Table 7.4.2 and the four-way interaction in the analysis in
Table 7.4.3 is of some Interest. These interactions represent the variance
of the two readings in each cell and the fact that they are sigrnificant
suggests that, in terms of search time, there were differences between the

subjects in the two groups.

In the following section the effects of dlagrams and drawings on
search time,and the effects of briefing range, are considered briefly but

no other analyses were carried out.
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TABLE 7.4.2

Analysis of variance on the search time data shown in Table 7.4.1%

Source b,F. 5.8, M.S. V.R. Significance
Briefing conditions (C) 6 435,74 72,621 1,19 N.S.
Target ranges (R) 2 308,431 154,22t 2,52} N.S, (p<0.10}
Targets (T) 71 263%0.73| 375.82| 6.15 p < 0.001
C xR 12 740,51 61.73 - N.S.
CxT 42 | 1155.03 22,50 - N.S.

Rx T 14| 1453.86| 103.81| 1.70 N.S.
CxRxT 84 | 8037.56 95,69 | 1,56 p £ 0.05
Residual 168 | 10261.45 61,08
TOTAL 335 | 25023.31

TABLE 7.4.3

Analysls of variance on the search time data shown in Table 7.4.1*

excluding the data from the map only condition.

Source D.F, 3.8, M.S. V.R. Significance
Tyvpe of briefing (B) 1 153,421 153.42 1 2,37 N.S,
Range of briefing (P) 2 76.83 38.41 - N.S.
Target range (R) 2 226,581 113.291 1.75 N.S.
Targets (T) 7| 2257.93( 322.561 4.99 p £0.001
Px B 2 101.89 50.94 - N.8.
Px R 4 514,891 128.72| 1.99| N.S. (p<0.10)}
PxT 14 Z34,46 23,89 - N.S.
Bx R 13.27 36.63 - N.S.
B X T 7 277.48 39.64 - NcSo
Rx T 141 1802,38 | 128,74 1.99 p € 0.05
Px BxR L 125,21 31.30 - N.S.
PxBxT 14 521,60 37.26 - M.8,
PxRxT 281 2303.14 82,25 | 1.27 N.S.
BxRxT 14 ] 1159,.50 82.82 | 1.28 N.S.
P x.B xRxT 281 3934.22 | 140,51 | 2.17 p € 0,01
Residual 144 | 9308,82 64,64
TOTAL 287 | 23171,62

*The data from target range 1 mile are not included in this analysis.
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T.4.1 Analysis of replicated search time datas the effects of briefing
type and briefing range,

The mean search times for the drawings and diagrams conditions are
gliven in Table 7.4.4 and the mean search times for each briefing range
condition in Table 7.4.5. In each case the mean value for the map only

condition is also given,

TABLE 7.4.4

Mean search times for each briefing type

Mean search time N
(seconds) )
MAP CNLY 10.4 48
Map + diagrams 12.7 144
Map + drawings 11.3 ' 144
TABLE 7.4.5 ;

Mean search time for each briefing range

Mean scarch time
: N
_{seconds}

MAP ONLY 10,4 48
Briefing range (miles)

2 11.4 96

y 12,7 96

2+ 4 11.9 96

N = Number of readings on which each value 1s based.

Data relate to target ranges of 2, 3 and 4 miles only.,

Dunnett's t test showed that there were no significant differences
between the map only condition and the drawings and diagrams conditions,
or between the map only condition and the three briefing ranges. There
were also no significant differences between the drawings and diagrams
conditions, or between the briefing ranges, confirming the results of the

analysis of variance glven in Table T7.4.3.
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7.5 CONFIDENCE LEVELS - ANALYSIS OF BASIC DATA FOR ALL BRIEFING
CONDITICNS.

The basic confidence level data obtained from the initial group of
4 sublects per condition are shown in Table 7.5.1. Two analyses of
variance were carried out on these data. In the first, given in Table
T.5.2, the twelve briefing conditions were treated as independent and the
analysis showed that each of the main factors, briefing conditions, target
ranges and targets, had a highly significant effect on confidence level.
The Interaction between targets and ranges was also significant. In the
analysis of varlance given in Table 7.5.3, the map only data were excluded,
and briefing type and brieflng range treated as separate factors. The
results of this analysis showed that both briefing type and briefing range
were highly slgnificant, while the interaction between them reached the

5% level, Targets and target ranges were also highly significant,

In the following sections the effects of briefing types and ranges,
and the interactions of these factors with target range, are considered
in more detail. In each case the effects are compared with that of the

map only condition,



Baslc confidence level data for all briefing conditions.
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Velues underlined relate to incorrect responses.

The confidence level scale ranges from 1 to 7, high values indicating high confidence in a correct response.
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TABLE 7.5.2

Analysis of variance on confidence level data shown in Table 7.5.1,

Source D.F, s5.8. M,S. V.R. Significance
Briefing conditions (C) 11 102,74 g,34 5.40 p £ 0.001
Target ranges (R) 3 32,64 10.88 6.29 p £ 0.001
Targets (7T) 7 149,59 21,37 12,35 p < 0,001
C xR 33 69,30 2,10 1.21 N.S.
CxT 77 80.85 1,05 - N.S.
Rx T 21 70,56 3.36 1,94 p £0.01
Residual 231 309,63 1.73
TOTAL 383 905.31

TABLE 7.5.3

Analysis of variance on the confidence level data shown in Table 7.5.1,

excluding the data from the map only condltion.

Source D.F. 8.8. M.S, V.R. Significance
Briefing type (B) 3 66.27 22,09 13.15(b) p < 0.001
‘Briefing range (P) 2 15.02 7.51 4.47(b) p < 0.025
' Target range (R) 3 33,21 11,07 6.59(b) p < 0.001
Tergets (T) 7 | 137.06 | 19.58 | 11.58(b) | p < 0.001
‘Bx P *5 21.50 4,30 2.56(b) p < 0.05
Bx R 9 27.63 3,07 1.83(b) | N.S.(p<0.10)
Bx T 21 17.22 0.82 - (p) N.S.
‘Px R 6 16.26 2.71 1,61(b) N.S.
Px T 14 12,46 0.89 - (p) N.S.
Rx T 21 72.66 3,46 2.06(b) p < 0.01
Bx Px R *15 17.20 1.15 - {(2) N.S.
BxPxT *35 44,07 1.26 - (&) N.S.
BxRxT 63 93,60 1.49 - {a) N.S.
PxRxT 4o 78.12 1.86 - (a) N.S,
Residual (a) 105 202,95 1.93
Pooled residual (b) 260 435,94 1.68
(Residual (a) + BFR,
BPT, BRT, PRT)
TOTAL 351 855.23

*These values are reduced to take account of the missing

circles (2 + 4 miles) condition.

data for the targex
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7.5.1 Confidence levels: The effect of briefing conditions,

The analysis of variance given in Table 7.5.2 shows that the effect
of briefing conditions on confidence level is highly significant, As in
the case of the detectlon probability data, this effect is analysed in
terms of briefing type and brlefing range, and the map only condition is

treated as the control condition.

7.5.2 Confidence levels: The effect of briefing type.

The analysis of variance given in Table 7.5.3 shows that briefing
type has a highly significant effect on confidence level, The relevant
values are given in Table 7.5.4, together with the mean value for the

map only condition for comparison purposes.

TABIE 7.5.4 .

The effect of brlefing type on confidence levels.

Briefing type Mean confidence level N
MAP ONLY 4,9 32
Map + target circles 4.5 64
Map + diagrams 4.7 96
Map + drawings . 4.8 96
Map + photographs 5. 6% 96

N = Number of readings on which each value is based.
* Significantly different from map only value at 5% level,

It can be seen in Table 7.5.4 that only the map + photographs briefing
results in a higher mean confidence level than the map only condition.
Dunnett's t test showed that this difference reached the 5% significance
level. HNone of the other values were signifieantly different from the map
only value, indicating that, apart from the photographs, the additional

briefing materials tested did not affect the subject's overall confidence

in their responses.
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The mean confidence levels given in Table 7.5.4 relate to all responses,
regardless of whether they were correct or incorrect, Although the target
clrcles, dlagrams and drawings tested had no significant effect on
confidence level relative to the map only condition, it was of interest to
determine whether these additional briefing materials enabled the subjects
to Judge more accurately whether or not their responses were correct. This
would result in higher mean confidence levels being assigned to correct
responses made under the additional briefing conditions relative to the
corresponding map only value, and lower mean confidence levels to the
incorrect responses, again relative to the corresponding map only value.

Such an effect would not be apparent from the data given in Table 7.5.4.

The data given in Table 7.5.5, show the mean confidence levels for

correct and Incorrect responses under each briefing type condition.

TABLE 7.5.5.

Mean confidence levels of correct and incorrect responses

for each briefing type

Mean confidence level
Briefi type :

ne p Correct N Incorrect N

responses responses
MAP ONLY 5.4 16 4 4 16
Map + target circles 5.4 27 3.8 =7
Map + diagrams 5,2 58 3.8 38
Map + drawings 5.3 52 4,1 Ly
Map + photographs 6.3% 65 4.3 31

N = Number of readings on which each value is based.
# Significantly higher than corresponding map only value at 5% level,

There 1s no conclusive evidence in Table 7.5.5 that subjects were
better able to assess the accuracy of thelr responses when additional

briefing materials were provided, although it appears that under the target
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circles, dlagrams and drawings conditions mean confidence levels for
incorrect responses decreased slightly, while those for the correct responses
vemained effectively equal to that recorded under the map only condition.
For the map + photographs condition the mean confidence level for correct
responses increased significantly, relative to the map only condition,

while that for incorrect responses was not affected.

7.5.3 Confidence levels: The effect of briefing range.

Briefing range had a significant effect on confldence level as shown
in Table 7.5.3. The mean values for each briefing range condition are

glven in Table 7.5.6, together with the value for the map only condition.

TABLE 7.5.6

The effect of briefing range on confidence level

Mean confildence level N
MAP ONLY 4.9 32
Briefing range:
2 miles 5.0 128
4 mles 4.7 128
2 + 4 miles : 5,2 96

N = Number of readings on which each value 18 based.

Dunnett's t test showed that none of the mean confidence levels for
the three briefing ranges were significantly different from that of the map -
only value, Withln the three briefing range conditions the value for the
4 miles briefing range was significantly lower than that for the 2 + 4

miles condition but otherwise differences were non-significant.
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7.5.4 Confidence levels: the interaction between briefing type

and target range

The interaction between briefing type and target range falled
to reach the 5% levelin the analysis of variance given in Table 7.5.3
but p< 0,10 indicating some tendency for the effect of target range on
confidence level to depend on the type of briefing material used, This
analysis of variance did not include data from the map only condition,
but these data are shown in Table 7,5.7, which gives the mean confidence

levels for each briefing type at each target range.

TABLE 7.5.

The interaction between briefing type and target range

Target range (miles) N

1 2 3 4
MAP ONLY 5.6 5.0 4,3 4,9 8
Map + target circles| 5.3 4.4 4.8 3.6 16
Map + diagrams b9 4,9 4,8 4,1 24
Map + drawings 4.9 5.1 4.5 4,5 |24
Map + photographs | 5.2 6.3 | 5.9 | 5.1 |2

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

*
Significantly different from map only value at 5% level.

These data are shown graphically in Figure 7.5.1. At all target
ranges, except 1 mile, the map + photographs condition resulted in
higher confidence levels than all the other types of briefing, including
map only, At the 1 mile target range all the additional briefing
materials resulted in lower mean confidence levels than the map only
condition but none of these differences reached the 5% level, This
deterioration in performance at the 1 mile range when additional
briefing materials were provided was alsc seen for both the detection

probability and search time measures (see Figures 7,1,1 and 7.3.1).
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FIGURE 7.5.1
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As can be seen in Figure 7.5.1, the drawings, diagrams and target
circles briefing types did not have any conslistent effect on mean confidence
levels at each target range, and none of the dlfferences between the
briefing conditions and the map only condition were slgnificant. The
apparent increase in mean confidence level at the 4 mile target range
relative to the 3 mlle range for the map only oondition is unexpected hut

this difference does not reach significance.

T.5.5 Confidence levels: +the Interaction between briefing range and
target range.

The interaction between briefing range and target range was none
significant, as shown in Table 7.5.3, and need not be considered in detail.
It is of interest to note, however, that there was a tendency for higher
confidence levels, relative to the map only condition to be assoclated with

oondltions in which the briefing range coincided with the target range.
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7.5.6, Confidence levels: the interaction between briefing type

and briefing range

The interaction between briefing type and briefing range was
significant at the 5% level as shown by the analysis of variance given
in Table 7.5.3. The mean values for each type of briefing at each

briefing range are given in Table 7.5.8,

TABLE 7.5.8
The interaction between briefing type and briefing range
)

Briefing range (miles) N

2 4 2 +4
Map + target circles 4,6 4.4 - 32
Map + diagrams 5.3 4,0 b7 32
Map + drawings 4,7 4,8 4,8 32

*
Map + photographs 5,4 5.4 5,0 A
MAP ONLY 4,9 22

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

* Sipgnificantly different from corresponding map only value

at the 5% level,

The data given in Table 7.5.8 are shown in the form of a& histogram
in Figure 7.5.2, It can be seen that the significance of the interaction
between briefing type and briefing range is largely due to the high mean
confidence levels associated with the map + diagrams (2 miles) and map +
photographs (2 + 4 miles) briefing conditions, together with an unexpect-
edly low value for the map + diagrams (4 miles) condition, Only one
value, map + phétographs (2 + 4 miles) 1s significantly higher than the
map only value., This high value is readily explicable since under this
condition in 50% of the presentations the subject was required to find
the target in a photograph identical to one which he had previously

been given for briefing purposes.
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7.6 CONFIDENCE LEVELS - ANALYSIS OF REPLICATED DATA FOR THE MAP ONLY,
MAP + DIAGRAMS AND MAP + DRAWINGS CONDITIONS,

The effects of the map only conditlon, the map + diagrams conditions
(2, 4 and 2 + 4 miles) and the map + drawings conditions (2, 4 and 2 + 4
miles) on confidence level were further analysed using the replicated data;
shown in Table 7.6.1., In the analyses described in this section the data
from target range 1 mile were excluded for the same reasons as indicated
in Section 7.2. The analysis of varlance given in Table 7.6.2 shows that
confidence level was significantly affected by the seven different briefing
conditions but the analysis given in Table 7.6.3, which does not include
the data from the map only condition, shows that neither range of briefing
nor type of briefing are significant., However thls analysis does show
that the interaction between these two factors is significant at the 5%

level,



Replicated confidence level data for the map only, map + diagrams and map + drawings conditions,

Briefing | Briefing | Target - — TARGETS
type range range
(miles) | (milea) 1 3 6 13 15 16 17 20
1 2 6 ) i 2 3 5 7
i 4 3 5 g 2 3 5
5 6 2 5 4 7 3 [
2 6 6 g 6 5 ] 5 5
2 2 7 4 6 y 5 3 5
3 I 7 3 2 2 4 3 7
6 7 1 2 5 5 4 5
LA - - S - SR - -
1 5 7 4 5 3 5 5 5
¥ 6 2 ] 3 5 7 z
5 7 & 3 3 5 6 &
+
DRAWINGS 3 % r6, 3 % g —5, % ?
N 2 5 5 5 4 5 4 6
[ 5 2 5 6 4 5 6
1 4 6 3 7 6 3 7 5
2 7 € 4 5 5 7 5
) 7 4 6 4 ] 3 7
2 4 6 [ 7 2 5 5 6
2+ 4 = 2
3 2 5 6 2 4 4 5 6
5 5 4 7 [ 5 ¥ 6
3 4 5 4 3 s 3 4 6
2 6 ¥ 2 5 7 ¥ k

Briefing | Briefing | Target TARGETS
type range range
(miles) |(miles)] 1 3 6 13 15 16 17 20
1 “y 6 4 5 6 & 7 7
5 7 5 [ 4 7 3 5
a 3 6 5 3 6 6 5 5
¥ 7 6 5 ¥ 6 7 6
MAP ONLY - = = =
3 3 5 3 5 3 7 5 3
5 6 4 g ¥ 5 2l e
y 3 6 6 5 4 4 5 6
2 g > [ I 5 ¥ 3
1 4 7 4 4 7 5 7 7
5 7 3 7 5 6 7 7
5 5 6 1 6 5 7
. 2 ¢ 5 1 5 5 6 7 5
3 4 7 6 7 6 6 5 5
3 7 5 5 4 6 I ]
2 7 6 > 5 4 & T
Y1 e 8 0§ bk 3 3 1
3 T 4 2 3 2 4 6 4
2 6 E 5 g 5 3 5
2 6 4 6 4 6 3 3
MAP \ 2 7 I 2 ¥ 4 z i
+

3 4 3 2 5 5 5 7
BIAGRAMS 13 s 3 35 & 5 & 7
4 6 4 4 2 3 2 2
Y13 & 6 35 % 2 5 5
1 3 6 & ] 4 4 5 5
5 7 5 4 5 5 7. 5
5 6 6 5 5 L 6 3 7
2.k 3 7 7 6 2 7 5 4
3 2 6 5 4 4 5 3 5
2 6 5 [ 5 5 |3 7
y 3 6 3 4 i 5 5 3
2 7 5 I 5 3 3 5

NOTES The confidence level scale ranged from 1 to 7, high values

belng assoclated with high confidence of a correct response.
The values underlined relate to incorrect responses.

These data were obtained from eight subjects per briefing
condition, glving rise to 2 readings per cell. The first
value In each pair relates to the first group of four sub-
Jects per briefing condition, as given in Table 7.5.1.
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TABLE 7.6.2

confidence level data shown in Table 7,6.1%

Source D.F. S.S8. M.S8. V.R. Significance
Briefing conditions (C) 6 23.89 3,98 2.73(e) p< 0.05
Target ranges (R) 2 19.83 9,91 6.79(c) p < 0.005
Targets (T) - 71 151,60 | 21,66 | 14.84(c) p < 0.021
CxR 12 | 16,54 1.38 - (b) N.S.
CxT 42 1 45,80 1.09 (b) N.S.
Rx T 4| 27.30 1.95 1.30(b) N.S.
CxRxT 84 | 132.44 1.58 1.08(a) N.S
Residual (a) 168 | 244.84 1.46
Pooled residual (b) 252 | 377.28 1.50
(Residual (a) + CRT)

Pooled residual (c) 320 { 466.92 1.46
(Pooled residual (b) +
CR, CT, RT)
TGTAL 335 | 662,36
TABLE 7.6.3

Analysis of variance on the confidence level data shown in Table 7.6.1F

exeluding the data from the map only condition.

Source D.F.| 8.8. M.S. V.R, Significance
Type of briefing (B) 1 2.35 2.35 1.57(c) N.S
Range of briefing (P) 2] 2.53 1.26 - (e} N.S
Target range (R) 2% 17.53 8.76 5.84(¢) p < 0.005
Targets (T) 7:133,83% | 19,12 ! 12,75(c) p < 0.0CL
PxB 2 18.78 1 9.39 6.26(c) p < 0.005
P X R 4 1,49 0.37 - (e) N.S.
PxT 1% 1 14,08 1,01 -~ {c) N.S.
BXR 2 6.69 3.35 2.23(c) N.S.
BxT 71 14.93 2,13 1.42(e) N,S.
Rx T 121 30.75 2.20 1.47(e) N.S.
PxBxR i 5.24 1.31 - (b) N.S.
PxBxT b} 12,94 0.92 - (b) N.S.
PXRxT 28 | 59.90 2.14 1.47(b) | N.8.(p<0.10)
BxRxT 14 | 19.69 1.41 - (b) N.S. ’
PXBxRxT 28 | 35.37 1.26 - (a) N.S.
Residual (a) 144 1215.00 1.49
Pooled residual (b) 172 | 250,37 1.46
(Residual (a) + PERT)
Pooled residual (c) 232 1348,.14 1.50
(Pooled residual (b) +
FBR, PBT, PRT, BRT)
TOTAL 287 {591.10

*The data from target range 1 mile are not included in these analyses.
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7.6.1 Analysis of replicated confidence level datas the interaction
between briefing type and briefing range

The mean confidence levels for the drawings and diagrams at each
briefing range are shown in Table 7.6.4, together with the mean value

obtained under the map only condition.

TABLE 7,6.4

Mean confidence level under each briefing condition

Briefing range {miles) N
2 4 2+ 4
Map + diagrams 5.2 b3 4,7 48
Map + drawings 4,7 5.1 4.9 48
MAP ONLY 4.9 48

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

The analysls of varlance in Table 7.6.2 indicates that the seven
values in this Table, which relate to the seven briefing conditions, are
significantly different. The analysis of variance given in Table 7.6.3
indicates that there is a significant interaction between briefing type
and briefing range, 1.e. between the data in the top two lines 6f this
Table, the map only value being excluded. None of the six values were
significantly ddfferent from the map only valug but for the 2 mile briefing
range dlagrams resulted in significantly higher mean confidence level
than drawings, whereas for the 4 mile briefing range the opposite was true.
Comparison with Table 7.2.8 shows a simllar pattern of results for the

detection probability data.



7.7 BRIEFING TIMES - ANALYSIS OF BASIC DATA FOR ALL ERTEFING CONDITIONS

The briefing time data were analysed in the same way as the other
three performance measures, The basic.data obtained from four subjectis
per condition are shown in Table 7.7.l:. It should be noted that the
conditions under which the experiment was carried out resulted in all
the briefing times being greater than 90 seconds since, in order to
prevent undue reliance on the additional briefing materials, all subjects
were reguired to study the map for 90 seconds before the additional
briefing was presented. They were then allowed to take as much further
time as they needed, Subjects tested under the map only conditlion were

also required to study the map for a minimum of 90 seconds.

Two analyses of variance were carried out on the data given in
Table 7,7.1., The first, given in Table 7,7.2, showed that the effect
of the twelve briefing conditions was highly significant., The second
enalysis of variance, given in Table 7,7.3, from which the map only
data were excluded, showed that the effects of briefing type, briefing
range and the interaction between them were significant, In both
analyses the effect of targets was significant. No effects due to
target range were found and none would be expected since, while studying
the briefing materials, the subjects did not know at what range the

target would subseguently be presented,



Basic briefing-time data for all briefing conditions.

Briefing
type

Briefing

range
{miles)

Target
range
{mdles)

TARGETS

13

15

16

17

20

MAP CHNLY

L VIV I o

99.0
g8.4
103.2
100,8

93.0
01,2
98.0
101.6

100.2
98.0
94,0
97.8

100.2
101.%
95.0
93.6

102.0
103.8
10%.8
101.6

g8.2
101.2
§5.0
106.6

98.6
104.0
100.2

98,2

95.8
103.6
97.8
98.8

Briefing
type

Briefling
range
{miles)

Target
range
(miles}

TARGETS
13 15

16

17

TARGET
CIRCLES

E- R I,

147,0
211.%

98.0
140,8

111.4
139,2
208,0

94.8

111.6
137.8
136.8
253.2

209.4
108.6
116.6
169.8

159,6
210.0
113.0
107.4

120.0
150.%
199.0
106.2

129.8
117.2
141.6
235.6

183.8
100,6
108,0
42,6

EoER N

1654
128.4
225.8
127.8

115.4
112.2
119.6
193.6

237.0
135.0
176,0
155.8

.2
230.8
158. 4
165,8

224.2
153.4%
2u3.4
141.2

136.0
207.6
124.8
149.6

174.4
127.6
171.8
165.0

171.8
128.8
137.6
222.6

MAP

DIAGRAMS

£ e

182.2
191.4
107.4
211.6

147.8
104.6
132.2
136.6

1ca.6
173.8
137.2
168.0

183.0
148.8
158,4

97.8

207.0
105.6
149,4
198.8

107.0
195.6
191.0
145.4

195.2
213,6
179.6
105.4

158.4
158.8
104.4
178.%

MAP

DRAWINGS

= W oo

186.8
129.2
126.4%
148.2

139.6
131.4
147.4
113.0

115, 4
124.6
131.2
135.6

137.8 179.4
127.6 145.0
118.6 137.8
161.8 132.8

125.2
119.6
138.2
127.6

1.2
138.0
119.0
139.4

110.6
139.8
121.2
1344

£ o D e

142.4
130.8
148.8
181.8

124.8
158.2
158.2
167.4

156.2
159.0
157.0
131.2

185.4 129.2
171.4 134.2
134.2 2446
143.4 191.0

125.0
151.4
206.0
i72.4

196.6
161.2
162,2

133.0

149.0
137.8
130.2
158.0

2+ 4

= D e

121.6
126.8
216,2
142.4

174.8
110.8
131.4
179.8

153.0
143.6
118, 4
175.0

109.8 178.2
113.6 150.0
186.4 147.%
208.8 118,2

138,6
162.8
182.6

12,2

117.4
196.2
178.8
136.4

153.6
198.0
117.0
131.9

PRV

157.2
188,6
158, 4
161.8

121,2
136.2
150.2
134.8

134.0
151.4
147.2
143,6

153.0
151.2
186.8
146.4

189.0
147.8
1484
207.0

166.6
148.6
12,0
147,04

136.6
156.8
137.4
162.8

156.0
188.2
136.2
137.0

2+ 4

LRV I

127.0
161.6
135.¢
1B4,0

174.8
167.4
128,86
46,0

172.6
149,4
213,2
128.0

125.6
187.6
178.0
116,54

168.6
161.8
187.0
1430

40,4
121.8
181.4
194.0

134,6
183.6
156.0
175.4

215.0
167.4
148.6
156.8

MAP

GRAPHS

RV

170.8
198.6
171.2
158.6

121.4
139.6
145.6
172.6

162.0
157.2
164.0
149.8

138.6 141.4
161.2 169.2
159.4 159.4
1814 145.6

160.4
171.4
133.4
183.4

171.2
1%6.0
153.6
208.6

134.6
153.8
140.0
168.6

LN I I

156.4
136.4
158.2
248,2

164.4
147.0
1%5,6
120.2

153.8
235.4
208,0
147.4

146,2 182.8
142.8 230.8
222.8 155.2
157.% 160.6

125.4
186.0
203.6
152.0

162.4
129.8
222.0
245.4

182.6
157.2
163.0
148.0

2+ 4

LV I I

130.0
153.8
119.2
215.6

115.2
147.6
126.0
125.2

177.4
152.4
151.6
129.0

158.4 1433
128.4 201.0
156.2 135.2
138.8 1sh.0

111.6
135.6
158,2
218.4

123.4
129.4
206.0
124.8

171.2
1i6.4
145.4
123.0

All the briefing-time values are given in seconds.
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TABLE 7.7.2

Analysis of variance on the briefing-time data given in Table 7.7.1

‘ Significance

Source D.F. 8.9, M,S, V.R,
Briefing conditions(C) | 11 | 120477.24% | 1095254 { 13,01(b) p_< 0,001
Target ranges (R) 3 1553,61 517,87 - (b) N.S.
Targets (T) 7 15221,29 217447 2.58(b) p <0.01
CxR 33 12352.13 374,31 - (a) N.S.
CxT 77 22863,61 296,93 - {a) N.S.
Rx T 21 18745,65 892.65 - (a)} N.S,
Residual (a) 231 | 250729,.71 1085,41
Pooled residual (b) 362 | 304691,78 841,69
(Residual (a) +
CR, CT, RT)
TOTAL 383 | 441943,94
TABLE 7.7.3

Analysis of variance on the briefing-time data given in Table 7.7.1,

excluding the data from the map only condition.

Source .F, s.8. M.S. V.R. Significance
Briefing type (B) 3 7055.82 2351.94 2.35(b) p< 0.5
‘Briefing range (P) 2 10527,78 5263,89 5.27(b) p <0.01
Target mnge (R) 3 1670.94 556.98 - (b) N.S.
Targets (T) 7 16177.70 2311.10 2.31(b) p £0.05
Bx P *5 12911.85 2582, 37 2.59(b) p £0,05
BxR 9 4732,02 525.78 - (b) N, 8.
Bx T 21 TE4L 42 364,02 - (b) N.S,
Px R 6 4800,30 800,05 - (b) N.S.
PxT 14 570%,60 407.40 - (b) N.S.
RxT 21 20655,18 983.58 - (b) N.S.
Bx PxR *15 2653,19 176.88 - (a) N.S.
BxPx T *35 8483, 00 242,37 - (a) N.S.
BxRxT 63 74547 .20 1183.29 - {(a) N.S.
PxRxT b 45095, 82 1073.71 - (a) N.S.
Residual (a) 105 | 12895047 1228,10
' Pooled residual (b) 260 | 259729.60 998, 96
(Residual (a) +
BPT, BPR, ERT, PRT)

TOTAL 351 | 351609.29

*These values are reduced to take account of the missing data for the target
circles (2 + 4 miles) condition,
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T.7.2 The effect of briefing type on briefing time

The briefing times for each of the four types of additlonal
briefing are given in Table 7.7.4, together with the mean value for the

map only condition.

TABLE 7.T7.%

The effect of briefing type on briefing time

Briefing type Briefing time (seconds) N
MAP ONLY 99.6 >2
Map + target circles 155, 9% 64
Map + diagrams 156, 5%# 26
Map + drawings 148, 0% 96
Map + photographs 159, 6= 96

N = Number of readings on which each value is based.
#+% Significantly higher than map only value at 1%.

Dunnett's t test was used to determine whether the additional briefing
materials resulted in significantly longer briefing times than the map only
conditicon., It was found that all.four values were significantly higher
than the map only value as would be expected from the procedure adopted in
this experiment. Student's t test was used to determine whether there
were significant differences between the briefing types and the results
showed that the map + photographs condition resulted 1n significantly
higher briefing times than the other briefing types. This 1s in accordance
wlith the result shown in the analysis of variance in Table 7.2.3 that

briefing type had a significant effect on briefing time,
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TeT.3 The effect of briefing range on briefing time

The analysis of varlance given in Table 7.7.3 shows that the effect
of briefing range on briefing time is highly significant. The relevant
mean values are given in Table T7.7.5, together with the value obtained

under the map only condition.

TABIE 7.7.

The effect of briefing range on briefing time

Briefing time (seoonds) N
MAP ONLY 99.6 32
Briefing range:
2 miles 149, 5% 128
4 mdles 161, 9%* 128
2 + 4 miles 1535.2%% g6

N = Number of readings on which each value is based, °
##* Significantly higher than map only value at 1% level,

As shown in Table 7.7.5, the mean briefing time for each briefing
range was significantly higher than that for the map only condition. It
was also found that the mean briefing time for the 2 mile briefing range
was significantly lower than that for the 4 mile briefing range. The mean
value for the 2 + 4 mile briefing range is also lower than that found when
the briefing range was 4 miles. This can be regarded as ingicating that
the interprefation of the 4 mile briefing in relation to the map was easler
if 2 mile briefing was alsc provided, and/or that if 2 mile briefing was

provided the subjects tend to disregard the 4 mile briefing,
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7.8 BRIEFING TIMES - ANALVSIS OF REPLICATED DATA FOR MAP ONLY, MAP 4
DIAGRAMS AND MAP + DRAWINGS CONDITTONS

The effects of the map only condition, the map + diagrams conditions
(2, % and 2 + 4 miles) and the map + drawings conditions (2, 4 and 2 + 4
miles) on briefing times were further investigated using the replicated
data given in Table 7.8.1. In the analyses described in this section
the data from target range 1 mile were excluded so that the analyses were
consistent with those for the other performance measures., However, as
target range was not a meaningful factor in relation to briefing time 1t
is unlikely that the omission of these data made any substantlal difference

to the results of this analysis.

The analysis of variance given in Table 7.8.2 shows that the seven
briefing conditions had a highly significant effect on briefing time,
The analysis of varliance given in Table 7.8.3, from which the‘map only
data were excluded, shows that both types of briefing and range of briefing
were highly significant. In both analyses the effect of targets was
found to be significant. In the following section the effects of briefing
type and briefing range are considered in more detail but no further

analyses were carried out,



Replicated briefing-time data for

map

only, map + ddagrams and map + drawlngs conditions.

Briefing | Brieflng | Target TARGETS
type range range
{miles) }{miles) 1 3 6 13 15 16 17 20
1 99.0 93.0 100.2 102.0 100.2 98.2 9B.6 95.8
246.0 103.6 103.6 105.2 229.6 97.4% 104.0 107.%4
5 98.4 101.2 98.0 101.4 103.8 101.2 104.0 103.6
MAP ONLY _ 105.2 161.8 98,0 102.0 103.8 243.4 102.2 107.8
3 103.2 98,0 94.0 95.0 104.8 95.0 100.2 97.8
108.6 105.4 235,4 121.8 102.2 106.6 198.2 ¢B.2
i 100.8 101.6 97.8 93.6 10l.6 106.6 98,2 98,8
118.8 104.6 113.6 168.8 102.6 102.2 103.2 149.4
1 182,2 147.8 102.6 183.0 207.0 1:07.0 195.2 158.4
160.0 135.0 176.8 177.8 194.B 41,2 127.6 185.2
P 191.4 104.6 173.8 148.8 105.6 195.6 213.6 158.8
2 217.2 119.8 126.4 117.0 255.8 151.6 148,0 125.0
3 107.4 132.2 137.2 158.4 149.4 191.0 179.6 1oh.4
132.2 152.4 112,8 135.6 176.8 148.2 148.2 131.8
4 211.6 136.6 168,0 97.8 198.8 145.4 105.4 178.2
172.4 164.4 160.4 206.0 173.4 121.8 209.8 177.4
1 147.2 121.2 134%.0 153.0 1B89.0 166.6 136.6 156.0
240.0 143%.0 169.2 148.6 148,44 147.4 119.2 13%.0
MAP 2 188.6 136.2 151.4 151,2 147.8 148.6 156.8 188.2
. N 158.6 122.8 1s2.4 163.8 171.8 121.% 143.0 20%.2
158.4 150.2 147.2 186.8 148.4 142.0 137.4 136.2
CLAGRAMS 2 176.2 143.4 136.4% 143.2 161.4 130.6 121.0 170.8
B 161.8 134.8 143.6 146.4 207.0 147.4 162.8 137.0
160.0 179.8 168.% 120.0 183.0 152.4% 153.2 157.6
1 127.0 174.8 172.6 125.6 168.6 1l40.4 134.6 215.0
2kk 8 129.8 134.0 148.0 219.6 203.0 149.4 170.6
2 161,6 167.4 149.4 187.6 161.8 121.8 183.6 167.4
54k 241.8 176.0 174.0 184.6 214.6 179.6 260.6 150.8
) 175.¢ 128.6 213.2 178.0 1B7.0 181.4 156.0 148.6
369.2 189.0 160.6 215.2 170.0 173.2 155.4 222.0
& 184.0 146.0 128.0 116.% 143.0 19%.0 175.4 156.8
241,0 117.% 181.8 202.% 223.8 155.2 201.2 216.2

Briefing | Briefing | Target TARGETS
type range range
(miles) |{miles) 1 3 6 13 15 16 17 20
186.8 139.6 115.4 137.8 179.% 125.2 141.2 110.6
1 1200.0 120.8 131.0 190.6 230.0 144.6 136.2 1T1.4
2 129,2 131L.4 124.6 127.6 145.0 119.6 138.0 139.8
207.0 203.8 120.4 147.2 208.2 239.4 138.2 1190.8
2 126.% 147.4 13,2 118.6 137.8 138,53 119.0 121.2
> lisg.0 147.8 179.4 123.4 113.4 =212,4 185.0 111.0
X 148.2 113.0 135.6 161.8 132.8 127.6 139.4 134.4
137.0 117.2 170.5 200.8 142.,2 118,0 202.8 184.6
1424 124.8 156.2 185.4 129.2 125.0 196.6 149.0
1 |120.6 115.2 1%4,8 131.8 120.2 120.8 1B55.6 14k.q
130.8 158.2 159.0 17l.4 134.2 15i.4 161.2 137.8
MAP 4 2 1440 139.8 13¢.2 134.0 127.6 154,0 147.0 157.8
* 148.8 138.2 157.0 134.2 2%4.6 206.0 1l62.2 130.2
DRAWINGS 2 l135.0 153.0 130.8 137.2 134.6 139.8 145.2 1h0.n
4 181.8 167.4 131.2 143.4 191.0 172.4 133.0 158.0
170.0 114.8 127.6 137.8 150.2 145.5 122.0 154.4
L 121.6 174.8 153.0 109.8 178.2 138,86 117.4 153.6
182.8 128.2 143.2 228.4 189.8 130.8 145.6 145.0
5 126.8 110.8 143.6 113.6 152.0 162.8 196.2 198.0
o 199.8 136.8 167.0 1B7.2 156.8 243,8 146.8 161.0
* 216.2 131.4 118.4 186.4% 147.4 182.6 178.8 117.0
3 |149.6 169.4 149.0 153.8 162.8 167.4 176,4 140,2
i 142.4 179.8 175.0 208.8 118.2 1Z2.2 136.4 131.0
142.6 110.8 163.6 151.8 155.,4 150.2 163.6 177.4
NOTES All the briefing time walues are glven in seconds,.

These data were obtained from eight subjects per briefing

condition, glving rise to 2 readings per ¢ell. The first

value in each pair relates to the first group of four sub-
Jects per briefing condition, as given in Table 7.7.1.

- 245 -
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TABLE 7.8.2
Analysis of variance on the briefing-time data given in Table 7.8.1%

Source D,F. 3.3. M,S. V.R, Significance
Briefing conditions{C) 6 112068.01 |[18678.00 | 18.83(c) p < _0.001
Target ranges (R) 2 612,31 305.65 - (e) N.S.
Targets (T) 7 14133.33 2019.05 2.04(c) P 0,05
C xR 12 T704.76 642,06 - (b) N.S.
CxT 42 3123%3.28 743,65 -~ (b) N.S.
Rx T 14 11705.38 836.10 - {b) N.S.
CXRxT a4 76861 .64 915,02 - (a) N.S.
Residuel (a) 168 189867,22 1130,16
Pooled residual (b) 252 266728.86 1058.45
(Residual (a) + CRT)

Pooled residual (ec) 320 317372.28 991,79
(Pocoled residual (b)
+ CR, CT, RT)
TOTAL 335 441 84,93
TABLE 7.8.3

Analysls of variance on the briefing-time data given in Table 7.8.lf

excluding the data fromthe map only conditlen.

Source D,F. 3,8, M.S, V.R, Significance
Briefing type (B) 1 9989,91 9989.91 | 10.36(4) D~ 0.005
Briefing range (P) 2 19038.96 9519. 48 9.87(d) p« 0,001
Target range (R) 2 784.10 302,05 - (d) N.S.
Targets (T) 7 18072.59 2581,80 2.68(d) p« 0,05
Px B 2 3991,32 1995.66 2.05(e) N.S.
Px R b 4996,22 1249,06 1.29(c) N.S.
Px T 14 10083.52 720.25 - (e) N.S.
B x R 2 555.08 277.54 - (e) N.S.
Bx T 7 10642,02 1520,29 1.56{c) N.S.
Rx T 14 9555.83 682,56 - fe) N.S.
PxBxR b 1633.12 408,28 - (b) N.S.
PxBxT 14 3920.01 280.00 - (b} N,S.
PxRxT 28 24658,.39 880.66 - (b) N.S.
BxRxT 14 10207.16 729,09 - (b) N.S.
PXBXRxT 28 26813.89 957.64 - (a) N,S.
Residual (a) 144 158194,.51 1098.57

Pooled residual (b) 172 185008, 40 1075.63

(Residual (a) + PBRT)

Pooled residual (c) 232 225407.08 971.67

(Pooled residuel (b) +

PBR, FBT, PRT, BRT)
Pooled residual (d) 275 265251.,07 964,55

(Pooled residual (c) +

FB, PR, PT, BR, BT, RT)
TOTAL 287 313136.63

*The data from target range 1 mile are not included in these analyses.
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7.8.,1 Analysis of replicated briefing-time data: the effects of
briefing type and briefing range.

The mean briefing times for the drawings and diagrams conditions are
given in Table 7.8.4 and the mean briefing times for the three briefing
range conditions in Table 7.8.5. In each case the mean value for the map

only condition is also given,

TABLE 7.8.4
Mean briefing time for each briefing type

Mean briefing time N
(seconds)
MAP ONLY ' 113.8 58
Map + diagrams 163.5%% 144
Map + drawings 151, 7+** 144
TABIE 7.8.5
Mean briefing time for each briefing range
Mean briefing time N
(seconds)
MAP ONLY 113.8 48
Briefing range:
2 miles 151,5%% 96
4 mles 152, 3%+ 96
2 + 4 mles 169, 1%% 96

N = Number of readings on which each value is based,
#* Significantly higher than map only value at 1% level,

Each of the briefing type values shown in Table 7.8.4, and the briefing
range values shown in Table 7.8.5, was significantly higher than the value
for the map only condition., The difference between the mean briefing
times for the drawings and diagrams was highly significant, subjects taking
longer for the dlagrams., This i8 of some interest as it is the only measure
of performance for which a significant difference was found between the
effects of drawings and dleagrams. The difference between the 2 mile
briefing condltion and the 4 mile was not significant but both these values

were significantly lower than that for the 2 + 4 mile condition,



TABLE T7.9.1
SUMMARY OF THE MAIN RESULTS
DETECTION PROBABILITY SEARCE TIME CONFTDENCE LEVEL BRIEFING TIME

Highly significant (p<0.01)

Only the photographs resulted in sig-
nificantly higher detection probability
than the map only condition, but the

Highly significant (p<0.001)

All briefing types except the photo-
graphs resulted in significantly longer
mean search times than the map only

Highly significant {p< 0.001)

Photographs resulted in significantly
higher mean confidence level than the
map only ceondition but ne Improvement

Significant (p<0.05)

All types of additional briefing
resuited in significantly longer brief-
ing times than the map only condition,

BR;%E;NG drawings and diagrams both brought condition, but there was evidence that in confidence levels was found for the photographs being the longest.
about improvements whereas the 'target this latter value was unexpectedly low. drawings and diagrams.
circles' briefing resulted in a deter-
ioration in detection probability.
{36-37) (66-67} (79-80) {9t}
Non-significant Non-significant Significant (p<0.025) Highly significant (p<0.01)
2 + 4 mile briefing was more effective % mile range briefing resulted in the 2 + 4 mile briefing gave rise to sig- 2 mile briefing resulted in shorter
BRIEFING than 2 mile or U4 mile briefing but none | longest mean search time, significantly | nificantly higher mean confidence level | briefing times than 4 mile or 2 + 4 mile
RANGE of the values were significantly differ greater than that for the map only than 4 mile briefing, but none of the briefing.
ent from the map only condition. condition. values were significantly different
(38) (68) | from the map only value. (81} {95}
BRIEFTNG Non-significant Non~-significant Non-significant (p<0.10) Non-significant
TYPE Diagrams, drawings and photographs im- Search times increased with increasing Conf'idence levels tended to fall with (No interaction would be expected since
x proved detection probability, relative range under all briefing conditions, increasing range under all briefing the target range was not known to the
to the map only condition, at target with the exception that the 1 mile conditions. At the 1 mile range confid- subjects during briefing.)
TARGET ranges of 2, 3 and 4 miles but at the range resulted in longer search times ence levels were lower when additional
RANGE 1 mile range a deterioration occurred. than the 2 mile range. briefing was used than under the map
(39-41) (69-70) | only condition. (82-83}
BRIEFING Non-significant (p<0.10) Non-significant Non-significant Non-gignificant
RANGE Detection probability was particularly No analyses carried out since the main Confidence levels tended to be higher {(No interaction would be expected since
X favourably affected when the briefing factors were also non-significant. when briefing range colincided with the target range was not known to the
TARGET range coincided with the target range target range. subjects during briefing. )
RANGE but improvements also occurred at other

target ranges, except 1 mile. (42-43)

{71)

(84)

Comparison of
the drawings
and diagrams
using the re-
plicated data
(excluding
data from the
1 mile range)

No significant differences between the
drawings and diagrams. Both resulted in
highly significant improvements In det-
ection probability, relative to the map
only, particularly at longer ranges. The
drawings and diagrams interacted with
briefing range and with target size.

2 + 4 mile briefing was consistently
more effective than 2 mile or 4 mile
briefing separately. {4862}

No signifiecant differences between the
drawings and diagrams. The mean search
times for the drawings and diagrams were
not significantly higher than the map
only value. Some evidence of an inter-
action between briefing range and target
range.

(72-75)

No significant differences between the
drawings and diagrams. The mean con-
fidence levels were not significantly
different from the map only value.
There was a significant interaction
between the drawings and diagrams and
the briefing ranges.

(87-90)

Significantly lenger briefing times

were required for the diagrams than for
the drawings. Both values were signif-
icantly longer than the map only value.

(97-99)

NOTES

(1) The significance levels quoted are taken from the analyses of varlance carried out on the basic data for all additional briefing conditions, the map only data

being excluded as these data were not associated with any briefing range.
were each used together with the map for briefing purposes, the control condition being the map only condition.

right-hand corner of each block refer to

the relevant pages of the report.

{11) The briefing types referred to - target circles, diagrams, drawings and photographs
(i11) The numbers shown in brackets at the bottom

= 001 -
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DISCUSSION

The main results found from the analyses descrlbed in Section 7 can

be summarised as follows:=

(a)

(b)

(e)

(a)

Three of the additional briefing materials tested, diagrams, drawings
and photographs, resulted in higher detection probabilities than.

the map only condition, the photographs being most effective,

Search time decreased slightly and confidence level lncreased

when photographs were used as edditional briefing material but the
drawings and diagrams did not result in improvements in these

performance measures.

The use of target circles as additional briefing material did not
result in any overall improvement in detection probability, search

time or confidence level,

No differences were found between drawings and diagrams, except ‘
that longer briefing times were required when the diagrams were

used,

In spite of the overall improvement in detectlion probability brought
about by the diagrams, drawings and photographs, each of these
briefing materials caused a marked deterioration in detection
probability, relative to the map only condition, when the target
range was 1 mile, The same effect was noted for the target clrcles
briefing.

The 2 and 4 mile briefing ranges were equally effective in terms'of
overall detection probability, but the 4 mile range tended to

result In longer search times and lower confidence levels than the

2 mile range. Simultaneous presentation of briefing at both ranges
was more effective than at either of the briefing ranges alone. The
greatest improvements in detection probability, relative to the map
only conditlon, tended to occur when the briefing range coilncided
with target range.

In general, these results are in accordance with expectation. Although

no definite predictions could be made as to the relative effectiveness of

the drawings and diagrams, both of which showed the same amount of ipform—

ation, it would clearly be expected that the additional briefing materials
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used In this experiment would increase in effectiveness as the amunt of
relevant information provided increased, i.e. in ascending order of
effectiveness, target circles, diagrams/drawings and photographs. However,
the magnitude of the Improvement due to the successive increases in
information could not be predicted. The more important comparisons -
between briefing types areconsidered in the following sections.

8.1 The effect of briefing type

(1) Comparison of map + target circles briefing with map only

The fallure of the first level of additional briefing, target gircles,
to bring about any improvement in performance as compared with the @ap
only condition is of importance in relation to the interpretation of the
effects found for the other briefing materials, This result indica%es
that, under the conditions of the present experiment, detection performance
was not improved when the subjects were given information about the’
position of the target on the display, but not about 1ts appearance-nor
that of the surrounding terrain. In fact, an overall deterioration in
performance, arising largely from a marked deterioration at the 1 mile
target range, occurred with this type of briefing. This result implies
that any improvement arising from the use of diagrams, drawings or
photographs as additicnal briefing material must be due to the info?mation
they provide about the target and surrounding terrain, not to the fact
that the target positlon is marked, thus allowing visual search to %e

concentrated on a relatively narrow area.

(11) Comparison of map + drawings or diagrams briefing with map only

The fact that the use of drawlings or dlagrams in addition to a map
improves detectlion probability relative to the map only condition
indicates that at least part of the difficulty in interpreting the map
information lies in the problem of accurately visualising e realistic
perspective view of the terrain from the symbollically coded plan view

given on the map. Although the initial analysis of the data showed that
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the increase in overall detection probablility due to the drawings and
diagrams did not reach significance in either case, further investigation
showed that comparing the overall mean values was in some respects mis-
leading, as the substantial improvement occurring at longer ranges was
partially off-set by a marked deterioration in performance at the 1 mile
target raunge. The same effect was found for the other types of additional
briefing material., The explanation of this effect lies in the briefing
ranges chosen, 2 miles and 4 miles, Briefing materials showing the target
at one or both of these ranges, tended to direct the subject's attention
to the upper part of the display. In splte of the fact that the sublect
knew that the target might on some occaslons be presented at relatiﬁely
short ranges, it 1s clear from the results that the briefing materiéls
tended to mislead the subject Into exbecting the target to be at lopger
ranges, and thus produced a deterioration in performance, as compar;d
with the map only condition. It is perhaps surprising that this efgect
was so marked in splte of the fact that the majority of the targets were
relatively consplcuous when viewed from 1 mile range. These resultsg
emphasise that misleading or lnappropriate briefing material is liable

to prove posltively detrimental to performance.

Although this result 1s of some importance 1n the context of the
static simulation technique used in the present experiment, 1t 1s of less
relevance in considering the possible use of these briefing materials
under dynamlec condltions since under such condltions the navigator weould
have a continuous view of the target area as he approached, rather than,

as 1n the present experiment, a single view from one unknown range.

Under these dynamle conditions the probabllity of correct detection
at a range of 1 mile could only in exceptional clrcumstances he less-
than the probability éf detection at greater ranges, The result obtained
in the present experiment was therefore only applicable to the static

glimulation technigque used., In this respect therefore the overall mean
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detection probabilities, summed over all target ranges Ifor each type of
additional briefing give an artificlally low estimate of thelr possible
effect, relative to the map only condition, under dynamic conditions.
For this reason data from target range 1 mile were exclﬁded when a more
detalled analysis of the effects of the diagrams and drawings was
carried out. The results of this analysis showed that drawings and
dlagrams were equally effective, both resulting in highly signiflcant
improvements in detectlion probabllity as compared with the map only

condition,

(111} Comparison of map + photographs briefing with map only

As would be expected, photographs were found to be the most effective
form of additional briefing, resulting in improvements in detection
probabllity, search time and confldence level. However, 1t must b;
emphasised that, since the briefing photographs were 1n gome cases
identical to the target photographs and in other cases taken under
identical conditions and different only in range, the results of this
experiment tend to overestimate the effect of the photographs relative
to the other types of briefing material, Under operational conditions
1t is unlikely that, even if oblique brlefing photographs were available,
they would have been taken Under conditions such that cloud, light;ng,
visibility and seasonal effects corresponded exactly with those of the
actual mission. The present experiment was therefore highly artificial
In this respect and the data relating to the photographs briefing con-
dition must be regarded as indicating an upper limlt of performance.

It 1s of Interest to note that when the briefing range colneclded with
the target range, and thus the subject was requlred to locate the target
in a photograph identical to one previously given him for briefing, the

probability of correct response, although high, did not reach 100%.



- 105 -

(1v) Comparison of the map + photographs briefing conditions with the
map + drawings or diagrams conditions

Comparison of the detection probabilities achieved when drawlngs
or diagrams were used as additional briefing materials with that for the
photographs conditions showed that at each range target photographs
resulted in greater improvement than either drawings or diagrams but at
the longer ranges there was very little difference between the effects
of the diagrams and the photographs. The overall mean lmprovement
(omltting the data from target range 1 mile) due to the use of photographs
was 1,6 times as great as that achieved with the drawings and diagrams.
Howevér, this value would be reduced 1f, as in practice, the photographs
were taken under different conditions from the views of the target
subsequently displayed to the subjects. Nevertheless it is unlikely
that, other thlngs being equal, drawings or dlagrams prepared from maps
could be made as effective for briefing pufposas as oblique photographs
of the same area. In particular, important visual cues such as field
patterns, hedgerows, different types of vegetation, maskling effects,
detalls of bhuilt-up areess, etc, cammot be derived from the information
glven on maps of the type used for this work, i.e. 1" = 1 mile Ordnance
Survey maps. If maps of smaller scale are used, the problem becomes
correspondingly greater. On account of these limltations perspective
drawings prepared from maps must be regarded as essentially a substitute
for use when sultable cbligque photographs are not available, Other
effects such as those due to seasonal changes, cloud,. lighting, visibility,
ete,., also cannot be taken into account when preparing the drawings but

these limitations apply equally to obligque photographs.

In spite of the fact that perspective drawings, prepared from maps,
show less information than the corresponding photographs, they do have
several important advantages. In particular, providing sultable maps
are avallable, the drawings can be prepared to correspond to any required

altitude, direction of approach, field of view, depression angle, target
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range and offset. Oblique photographs taken during reconnaissance
missions.may not correspond exactly in these parameters to the condltions
of the actual mission, and 1in many cases may not be available at all,

It could be that the effectiveness of a photograph taken, ssy, from an
approach direction several degrees different from that of the actual
mission, is reduced to such an extent that it is no more effective and

may be less, than a perspective drawing prepared according to the planned

parameters of the actual mission,

This discussion of the effects of the different types of briefing
has been concerned mainly with the most important perforﬁance measure,
detection probability. The analysis of the search time and confidence
level data showed less coneclusive results. Whereas photographs slightly
reduced mean search time and significantly increased confidence level,
as compared with the map only condition, the drawings and diagrams did
not result in improvements in these performance measures. The overall
mean confidence levels for these brieflng materials were effectively the
same as for the map only condition, and mean search times appeared to
increase. Aithough further analysis suggested that this resuli was
apparently due to an unusually low value for the map only condition, it
was clear that drawings and diagrams did not bring about any reduction in

mean search time.

The conditlions of the present experiment were such that no specific
limit was set on time the subjects were allowed to search the display,
although the importance of spesd was strongly emphasised to them. Under
these conditions it was difficult {o ensure that subjects did in fact
respond as quickly as possible, and it would perhaps have been more
appropriate to have carried out the experiment under paced conditions so

that the performance levels achieved in a given time with the different
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types of briefing could have been compared. However, work currently being
carried out using a dynamic simulation techniqgue should show more con-
clusively whether, in fact, the different briefing materials tested do
affect the time required to detect the target, and thus the detection

range, as well as the probability that it will be correctly detected.

Cne possible expianation for the result obtained in the present
experiment is that the small amount of experimental material available
for training purposes did not allow the subject to become thoroughly
familiar with the techniques of representation used in the drawings and
diggrams, whereas photographs were a familiar form of representation.
Furthermore the briefing photographs corresponded very closely to those
in which the subject was subsequently required to locate the target,
and as discussed previously this artificial situati;n tended to result
in an overestimate of the effect that might be obtalned from photographs

in practice.

These possible explanations could alsc account at least in‘part for
the fact that, whereas photographs significantly increased mean confidence
level as compared with the map only condition,drawings and diagrams had
very little effect on confildence level. It is of interest to note that
there was evidence in both the search time and the confidence level data
of a deterioration in performance at the 1 mile target range, relative
to thé map only condition, similar to that which occurred for detection

probability.

8.2 The effect of briefing range

The effect of briefing range as determined from the present experiment
wag very much as would be expected., The anomalous reversal of effect at
the 1 mile target range noted previously occurred for each briefing range.

At the other target rangesit was found that the 2 mile briefing enhanced
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detection probability at the 2 mile target range but had little effect
at the 4% mile range. For the.h mile briefing range the reverse was

true. When the 2 and # mile range briefing was used simultaneously the
overall improvement in detection probability was greater than that for
either of the briefing ranges alone, However, the improvement was not as
great as the summated effects founa for the 2 and 4 mile briefing ranges.
This 1s understandable since subjects given both briefing pictures
simultanecusly had to memorise and process considerably more 1nformation
than those given only a'single briefing picture. Analysis of the search
time data showed that 2 + 4 mile briefing resulted in slightly shorter
search times than elther briefing range singly. It was also fouq? that
the combined briefing gave rise to higher mean confidence levels. Briefing
range also had a significant effect on the time required for briefing.
The 2 mile briefing range resulted in shorter briefing times than elther

the 4 mile or 2 + 4 mile condition.

8.3 Comparison of the effects of the drawings and diagrams.

The analysis of the basic data for all briefing types, discussed in
the previous sections, indicated that there were no significant differences
between the effects of the drawings and diagrams. However, for reasons
described below, it was necessary to determine, more reliably than was
possible using the single set of data, whether there were any important
differences between these two types of briefing which were not apparent
in the initial analyses. Replicated data were therefore obtained for
these conditions, together with the map only condition, in order to carry
out more detciled analyses. Only the data from target ranges 2, 3 and 4
miles were included in these further analyses, the data from the anomalous
target range 1 mile being omitted, in order to obtain a better indication
of how effective these briefing materials might be, as compared with the

mep only condition, in a dynamic situation.
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No overall differences were found between the drawings and the diagrams
conditions in the analysis of the replicated data for the detection prob-
ability, search time and confidence level measures. This confirmed the
results obtained from the initial analysils of the basic data. The eanalysis
of this replicated briefing-time data showed that significeantly longer
briefing times were required for the diagrams conditions than for the
drawings. This result can be explained by the fact thet the use of the
diagrams depended on the interpretation of a code whereas the drawings
conveyed information directly. This was the only overall difference between
the drawings and the diagrams and, slthough of some interest, it is not
of practical importance since briefing-time, i.e. the time available for
pre-flight study of the briefing materials, is not likely to be limited to
such an extent that the difference between the two mean values (less than

% minute) would become critical.

The fact that there were no other significant differences between
the overall effects of the drawings and diagrams has important implications
for the further development of this work. Whereas the preparation of the
freehand drawings requires some degree of artistle skill, the preparation
of the diagrams is largely a routine process. Relatlively little training
would be required to enable a technlcal assistant, or the aircrew them-
selves, to use the special grids for transferring the plan view information
on the map to the required perspective view,as described in the second part
of this report (Parkes and Crook, 1969), and to apply the set coding for
each type of feature. If these forms of briefing proved to be effective
under dynamic conditions, then the guestion of whether it would be possiﬁle
to use them in an operational situation would have to be considered, The
preparation of diagrams could be carried out relatively easily in such a
situation whereas the preparation of freehand drawings is much legs likely
to be feasible. The fact that the diagrams were found to be as effective
as the drawings in improving performance was therefore of considerable

importance.



- 110 -

Although the overall effects of these two types of briefing differed
only in respéct of the briefing times reguired, there were some significant
interactions involving drawings and diagrams and/or range of briefing.

The most important of these was the interaction between briefing type

and briefing range which occurred in both the detection probability data

and the confidence level data. In each case the data followed a similar
pattern, the interactions arising from the fact that when diagrams were

used as additional briefing materlal the 2 mile briefing range resulted in
better overall performance than the 4 mile briefing range, whereas when
when drawings were used the opposite was true. The low detection probability
value for the 2 mile drawings as compared with the 2 mile diagrams was
particularly striking and inspection of the raw data showed that this was
largely due to cne target, Number 15, for which the 2 mile diagrams

resulted in 100% correct detection and the 2 mile drawings, O%. Examination
of the 2 mile range drawings and diagrams showed that for this particular
target the diagrammatic technique had resulted in a much closer resemblance
to the photographs than the drawings. This is the most likely explanation

of the result found.

This example illustrates a more general point that the mechanical
shadings used in diagrams have an advantage over freehand techniques if
detailed information about the terrain is not available. The mechanical
shading can be laid over the appropriate area without implylng specific
details about the structure of the area, whereas in freehand drewlng it
is difficult to avoid some indication of the detailed structure which may

not be accurate, and may therefore be misleading.

On the other hand, the freehand technique 1s better suited to rep-
resenting the way in which the appearance of a particular type of feature
changes at different distances from the observer. The fixed 2~de used
for the diagrams could not take this into account. Thus, at the 4 mile

briefing range, the relationship between the features in the immedlate
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vicinity of the target and those in the foreground could be better
represented by drawings than by diagrams. This could perhaps explain
why at this briefing range the drawings proved to be more effective than

the diagrams for six out of the eight targets.

The analysls of the replicated detection probability data indicated
a significant interaction between the drawings and diagrams and the
targets, Further analysls showed that this intersction was confined to
the group of five small targets, the interaction arising from the fact
that drawings proved more effective than diagrams for two of these targets
whereas the reverse was true for the other three. There was alsoc some
eyidence of an interaction between target size a&d briefing type arising
from the fact that drawings proved more effective than diagrams for large
targets and diagrams more effective than drawings for small targets.
These effects could have arisen by chance but it would be of interest
to further investigate the apparent interactions using targets more

closely controlled in terms of size.

The significance of these interactionssuggests that under some
circumstances the conclusion that the drawings and diagrams are equally
effective may not be.valid. However, this applies only to the conditions
ih which the two briefing ranges, 2 miles and 4 miles, were used separately.
Under the combined briefing range condition, 2 + 4 miles, which was
consistently more effective than either of the single briefing ranges,
there was no evidence of an interactlon between type and targets although,
relative to the map only condition, the improvement brought about by the
briefing materials for small targets was proporticnately much greater

than that for the large targets.

It was not possible to include in the analyses of variance from
which these interactions were determined the data from the map only
condition, since those were not associated wlith any particular briefing

range. However, inspection of the data showed that, as noted previously,
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whereas increasing target range brought about a marked deteriloration in
performance under the map only condition, when drewings and diagrams

were used as additional briefing meterial performance improved markedly

at the longer ranges. This was an encouraging result since the briefing
materials had been developed primerily to facilitate target detection at
these longer ranges. There was also evidence that performance was
particularly favourably affected when the briefing range was equal to

the target range. This latter effect was probably accentuated by the
static nature of the simulation technigue used in this experiment. Clearly
it is of vital lmportance to determine whether the significant improvement
in detection probability brought about by the drawings and diagrams under
these static conditions is also found under dynamic conditions. Research

currently being carried out is intended to Investigate this.

8.4 Further work

Wnilst any further development of these techniques must depend on
the outcome of the experimental work currently being carried out under
dynamic conditions, some posgible directicons in which the work could be

extended are ocutlined below.

(a) Since maps of scale 1"= 1 mile, as used in the present experiment,
are not avallable for many parts of the world, it would be of interest
to determine whether perspective views prepared from smaller scale
maps, particularly %M, would be of any value in target recognition.
The main difficulty 1n the use of such maps 1s that the amount of
detail shown is extremely limited and does not correspond well with
the type of detail that 1s likely to be conspicuous when the terrain
1s viewed by television during a2 low-level approach. For instance,
many small patches of woodland are omitted from £M maps but the size,
shape and position of these features may provide important clues to

the recognition of the target area. Conversely, roads shown conspic-

uously on the map may be completely masked by hedges, particularly if
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they run perpendicular te the flight path. Current work suggests
that drawings prepared from %M maps may ccnfuse the observer by
emphasising features which do not show up clearly on the television

display, whilst omitting thase that do.

Vertical photography of the earth's surface is becoming increasingly
wildespread and in some areas may be more readily'available than
detailed maps. Such photographs could be used as an extremely
effective source of information about the terrain from which oblique
drawings could be prepared. The amount of detall on vertical photo-
graphs 1s very much greater than that on a map and, iIn addition, a
photograph gives some Indication of tones and textures. In preparing
oblique drawings from vertical photographs it might be preferable to
omit some of the detail, and select only those features which are

likely to provide useful clues to the recognition of the target area.

Although it is possible to prepare drawings corresponding to views of
the terrain from any required altitude, it is doubtful whether such
drawings would be of much value at very low altitudes since at these
altitudes the effects of masking, which cannct be accurately estimated
from maps, become of critical importance. The limits of altitude within
which the drawings can be used as an effective substitute for oblique
photographs should therefore be determined. Another aspect that could
usefully be investigated is whether the field of view shown In the draw-
ings should be the same as that of the simulated television display,

as in the present experiment, or whether a slightly larger field of
view should be shown. The larger field of view might be an advantage
if there were small errors in the aireraft track as it approached the

target area.

Th spite of the fact that there was no evidence of an interaction
between briefing range and target size in the present experiment,

it is possible that a further study carried out with a wider range
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of targets under dynamic simulation conditions might indicate that
the optimum briefing range depends on both target size and terrain

type.

Since a wider range of shading materials is now available commercially
than when the diagrams used in the present experiment were prepared,
the coding used to represent different types of feature could

perhaps be improved., In particular, a greater difference between

the tones would be an advantage, and it 1s possible that 'semi-
symbolic' forms of coding, as described in the second part of this
report, would be more readily interpreted than the coding used in

the present experiment which was based on the matching of tones and/or
textures, In discussing the question of coding a number of more
general considerations arise such as the maximum number of shadings
that can be readily interpreted and whether several graduastions of
each type of shading can be used. This would allow some attempt to

be made to represent the way in which the appearance of a feature

glters at different distances from the observer,

Whilst the task of transforming the mep information into oblique
views of the target area was carried out by hand in the present
work, it is possible to use automated techniques for carrying out
this transformation. The standardised format of the diagrams is
particularly suited to automated techniques but their use would

only be justified for relatively large-scale applications.
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APPENDIX

Briefing | Briefing | Target Targets Briefing | Briefing | Target Targets
type range range type range range
{miles) | {miles}| 1 3 6 13 15 16 | 17 20 {miles) [(miles)| 3 6 13 15 16 | 17 20
1 AE DF CG BH AE BF |Ccgo DH 1 BE AF cG DH BH AG |CF DE
2 BH AE DF|CGC DH AE|BF CG 2 D H CE BF AG CE DH |AG BPF
2
MAP ONLY -
3 caG BH |AE|DF |CG |[DH|AE {BF 3 ac | BH [ DE [(cP | aF | BF |DH {CG
4 DFPF cc |BulaE |BF [celpou s 4 cF | D | AH [ BE | DG | CF |BE | AH
1 A B o D A B C D 1 cF | Bo | DH { AaE | DF | BG {CH | AE
MAP
2 b A B c D A 8 C 2 BG | DH | AE {CP | BG | CH |AE | DF
2 .
3 c D A B c D A B * y 3 cg {ae {cr |Be leu|aE |pr]Bo
MAP
4 B C D A B I D A DRAWINGS 4 AE Jcr | BG"|¢cH | AE | DF |{BG | CH
+
1 B D o A C D A B 1 DE | AG | BH |CF | AP [ DH JCcG | BE
TARGET
CIRCLES 2 A B D C B c D A 2 cPF | ¢cE | Do | DH | BE | BF |aK | AG
4 2 +4
3 c A B D A B o D 3 AH | DH lcE | B | b6 | AE |BF | CH
4 D c A B D A B C 8¢ | e | aF | aE | CH | CG [DE |{ DE
1 DE CH BG|AF AE BH{CGgG DF 1 B A D D A B c c
2 CF BE [AH]DG |BF |CE|{DH [AG 2 D D A B c c B A
2
3 BG AF {DF{cH |[CcGc |DF{AE |BH 2 3 A B o c B A D D
4 AH DG |CF{BE |DH {AG|{BF |CE b o o B A D D A B
1 cG DF [AE]JCH |BG |AH|DE [BF 1 B D ¢ A B A C D
MAP MAP
2 AH BG [BF|DE |DF |CcG|CH [AF 2 A B D c D B A c
+ L + I
3 BE AH |po|aF |cE |DF|BG {cCcH 3 -C A B D o D B A
PHOTO - [
DIAGRAMS ] DF CE |cH|{BeG !aH |BE|AF {Da GRAPHS 4 D C A B A o D B
1 |aE BF |DG|CH ({BG |DH|CE [aAF Y c b B A c D A B
N 2 co AH |BE|DF {aH |BE|DF |cCo a A B ¢ o B A c D
2 +
5 |pu |cE {aFP|BG |cF {AG|BH |[DF 2 +k 3 |» c A 3 D ¢ e A
4 BF DG JCH|AE |DE |CFlAG |BH 5 B A D c A B b c

The tables above show details of the experimental design. The basic data were obtained from 48 subjects, four subjects being
assigned to each of the 12 briefing conditions. The subjects in each group are designated A, B, C and D. It can be seen that
each subject was exposed to each target once and once only, and to each range condition twice and twice only. For seven of
the briefing conditions replicated data were obtained from further groups of four subjects. These subjects are designated E,
F, G and H. The order of presentation of the 8 target and range combinations to each subject was randomlsed.
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VISUAL AND TELEVISUAL DETECTION STUDTIES

Part VI(i1) Briefing materials for low-level target detection:

Techniques for preparing perspective drawings from maps.

by

K. R. Parkes and J. M. Crook

The work described in this report was carried out by Mr. J. M. Crook,
Lecturer in the Department of Educational Studies, Brighton College of
Art, in co-operation with the Departiment of Ergonomics and Cybernetics,
Loughborough University of Technelogy. Mr. Crook was also responsible
for all the art-work reproduced in the report.



SUMMARY

Tnis report is concerned with the development of techniques for
preparing perspective drawings of target areas from the information
given on a 1" = 1 mile Ordnance Survey map. These drawings were intended
for use as experimental briefing materlal in a low-level target detection
task. The altitude (2000 feet), camera field of view (30O X 22%0) and
depression angle (10°), and the display size for the drawings were
specified to correspond to the parameters of the simulated television

viewing system.

An initial study of the problem was carried out and grids for
transforming the plan view Information on the map to the required per-
spective views were prepared. Possible techniques for representing the
different types of features in the perspective views were investigated
and two of these were chosen for the preparation of a complete set of
briefing material for the experimental targets, The techniques chosen
were: (a) drawings carried out using a freehand technique, and (b) diagrams
carried out by means of commercially avallable shading materials and
standardlsed lines. For each target drawings and diagrams were prepared
showing the target and surrounding terrain as seen from two different

ranges, @ miles and 4 miles.

The report 1s 1llustrated with examples of some of the preliminary
work carrlied out, and with a complete set of briefing material prepared

for one of the series of experimental targets.
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1. THE PURPCSE OF THE WORK

This report 1s concerned with work carrled out in connection with a
study of the effects of different types of briefing materials on perform=
ance at a simulated target detection task. The problem as outlined to the
consultant who undertook this part of the work was to develop techniques
for preparing oblique perspective drawings, derived from the information

given on a 1" = 1 mile Ordnance Survey map, of specified target areas,

During low-altitude flight the terraln ahead of the aireraft is seen
obliquely, whereagz a mep represents the terrain symbolically and in plan
view, It was hoped that providing accurate drawings showing an oblique
view of the target area would reduce the difficulty experienced by subjects
in attempting to visuallse the target and surrounding terrain, as seen during
a low-altitude approach, solely from the information shown on the map.
These drawings were initlally intended for use as experimental briefing
material in a televisual target detection task simulated statically by
means of a serles of aerlal photographs. However, the underlying problem
was dynamic target acquisition during high-speed, low-level flight under
conditiona in which only a map was avallable for briefing purposes., A
more detalled account of the background to this work 1s given in Part V;(i)

of this series of reports (Parkes, 1969). .

The oblique view of the target, as seen on a television monitor during
a low-level approach, depends on altitude, camera field of view, depression
angle, display slze and target range. For the present work the following
values of these parameters wefe specified;

(1) Altitude: 2000 feet.

(11) Camere field of view: 30° (horizontal) x 223° (vertical)
(111) Depression angle of lens axis: 10°

(iv) Display size; 4.8" x 3,6"

(v) Range of target: (a) 2 miles, and (b) 4 miles

These parameters, some of which are shown graphlically in Figure 1.1,
correspond to the condlitions under which the photographs used to simulate

the television display in these experiments had been exposed,
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FIGURE 1.1

Photographic parameters.

SIDE VIEW

—
— ——— —
—— — —— — —
| —— —— —— A —
e — — — ——
o — — —

2000% T~ lens axls
77>,\ -

4 miles

I\J
N —

Scale: 13"

=1 mile

The peoint designated A represents the position of the camera, carried
in the aircraft or missile, at an altitude of 2000 feet. The lens axis
is depressed 10o below horizeontal, and the shaded areas represent the

space ahead of the camera but not in the field of view.
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After some preliminary discussion it was decided that the work should

be carried out in three stages:

{1) Initial investigation of the problem: a series of sample
maps and photographs was provided to enable the relationship

between them to be studied.

{(ii) Preparation of drawings for two targets for which only maps
were provided., This stage of the work would include preparing
examples'of various different techniques of representation

as a basls for deciding the most satisfactory format,

(111) Preparation of the complete set of drawings required, according
to the detailed specification declded after the second stage

of the work.

These three stages are described in more detail in the following three

sections.

2, PRELIMINARY APPRAISAL OF THE PROBLEM

For the 1nitlal investigation of the problem a series of sample maps
and photographs was provided. These were not used in the subsequent
experiment, but were made available simply to allow detailed study of the
relationship between the terraln features shown on the map and their
appearance in the oblique photographs. This also enabled the tones,
textures and lighting effects 1n the photographs to be studied. A sample
map sectlon is shown in Figure 2,1, marked with the approach track, and
the points 2 and 4 mile distant from the target. The corresponding photo-
graphs, which represent a 300 horizontal field of view, are shown in
Figure 2.2, The original photographs showed a 50o field of view but for
the purposes of these experiments only the central portion, corresponding

to the 300 fleld of view was used, the remaining area being masked off.



FIGURE 2.1

Sample map

Target 22 - Road/rail bridge at Hook.

The small circle marks the position of the target and the two dots
show the points from which the 2 mile and 4 mile range photographs
were taken. The line represents the direction of approach to the

target.



FIGURE 2.2

Sample photographs

Target 22 - Rail/road bridge at Hook.

Range 4 miles
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From the initial study of the relationship between the maps and
photographs it was possible to determine which features were common to both
the maps and photographs, which appeared only on the maps, and which
appeared only on the photographs. These three categories are illustrated
in Figure 2.3 in the form of a Venn diagram, in which one circle represents
the information available on the maps, and the other circle represents the
information shown on the photographs. The overlapping area, which is

shaded, shows the information common to both.

FIGURE 2.3

The relationship between information given on maps and photographs

Railways

Place names

Rivers, canals, ete.
~ Pylon lines
' Scrubland
Bullt-up areas
Lakes and ponds
Airfields
Isolated buildings
Stations
Bridges
Roundabouts
Radio masts

Perspective effects

Mile posts

[ighting effects

County and parish
boundaries

Cloud effects

Sites of historical
interest

Field patterns

Textures and tones

Telephone boxes

Contrast

Underground
pipelines

Seasonal changes

Grid lines

Masking effects

Contours

The information given in Figure 2.3 relates to cluttered terrain in
Southern England. For other types of terrain the nature and density of

conspicuous features might be very different. The inclusion of contour
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lines in the category of information only apparent on the map requires
further qualification. If changes in ground elevation, as indicated on

the map by contour lines, are great enough they will be clearly visible

in photographs taken at low altitudes, Tﬁe present experiment was con-
cerned with relatively flat terrain seen from an altitude of 2,000 ft.

and under these conditions changes in ground elevation were only occasionally
apparent in the photographs. It was therefore declded that for the purposes
of the present work the terrain could, except in a very few instances, be

treated as flat,

The basic aim of the work described in this report ocould be regarded
as taking the information available on the maps, i.e. that shown in the left
hand circle in Figure 2.3, and converting it as far as possible to the
information shown in the right hand circle, thus simulating the appearance
of the photographs. It followed that the basic rules for preparing the
drawings would be (a) information occurring on the maps but not on the
photographs would be omitted (b) information common to both maps and
photographs would be included aﬁd (¢) where possible, information shown

on the photographs but not on the maps would be determined or estimated,

It was clear that 1t was this last requirement that would give rise
to the greatest difficultles. The perspective effects could be accurately
determined from a knowledge of range, depression angle, field of view, etc.
Some other characteristics of the photographs, for instance, tone, texture
and masking could be estimated to a limlted extent but a number of effects
such as those due to lighting, clouds, field patterns and seasonal changes
were lmpossible to estimate and had to be disregarded in spite of the fact |
that they were clearly of importance in determining the overall appearance

of the photographs.

Other difficulties which became apparent during this initial study

weres
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(1) The relationship between the maps and the photographs was not
constant, While the symbol for a particular type of feature
on the map was fixed, 1is appearance in the photographs could
vary considerably, For instance, as can be seen in Figure
2.2, some roads appear dark grey against a paler edge, while
others are almost white against a darker backgéound. It was
clear that variations of this kind would give rise to considerable
problems in deciding how.these features should be represented
In the drawings. The roads and ather linear features also
varlied wldely in the ease with which they could be seen, those
rumning perpendicular to the aircraf't track being particularly
difficult to see, often because of masking by hedges, and

therefore of little value for briefing purposes.

(i1) In some cases, the maps, even the most recent editions,
were not up-to=-date., In particular the extent of bullt-up
areas and woodland areas, as shown in the photographs were
frequently greater than those shown on the maps. A further
difficulty was that the standard Ordnance Survey maps used
did not show military airfields although these were very

consplcuous on some of the photographs,

(1ii) Detailed inspection of the photographs indicated that in some
cases they had not been exposed under the specified conditions,
in particular, the depression angle and target range appeared
to vary considerably around the nominal wvalues of 10° and
2 or 4 miles respectively, thus substantially altering the
appearance of the photograph. This could not be taken into
account when preparing the oblique drawings. The top photo-
graph 1n Flgure 2.2, in which the range appears to be
considerably less than the nominal value of 2 miles,provides

an example of this type of error.
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. 5. PREPARATION OF SAMPLE DRAWINGS

The conslderatlons discussed in the previous section indicated that

the drawings should include the following features:

(1) Accurate representation of perspective effeects in both tone

and line,

(ii) Iinear features: roads, rivers, rallways. These features
should be represented by lines of appropriate width, in such

a way as to be readily distinguishable,

(111) Area features: woodland, scrubland, marshland, built-up
ereas, areas of water and airfields ere the most common area
features, Shape, tone and texture are important character-
1stics of these features. Shape ean be determined from the
map with reasonable accuracy bu£ tone and texture are
impossible to estimate accurately, although previous
inspection of sample photographs gave some indicatlon of

these effects,

(1v) Isolated buildings, radio masts, pylons, qQuarries, stations,

bridges, etc.

(v) An overall decrease in tone from the lower edge to the top
edge of the drawing to represent the observed decrease in
tone in the sample photogrephs from foreground to backgrbund

due tc atmospheric attenuation,
(vi) A clear marking to indicate the actual target.

The next stage was to determine how the drawings should be executed,

The following possibllities were considered:
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(1) A frechand drawing technique could be used in which the
general style would be maintalned constant from one drawing
to another, but the artist would be free to interpret
the map information as realistically as possible., This
would have the advantage of allowing maximum flexibility
but would be difficult to standardige, particularly as the
drawings produced would depend on the style of the individual

artist,

(11) The entire representation could be carried out by a
'mechanical' technique in which cormercially available
shading materials such as Letratone would be used to
represent area features and standardised lines to represent

linear features.

f111) A combination of freehand and 'mechanical! techniques
could be used. The maln area features would be represented
by commercial shading materlials and linear features, and
any other sketching needed to improve the realism of the

drawing, added freehand.

(v) A comblnation of 'mechanical' shading techniques and map
symbollsm was also possible, The area features would be
represented by commercial shading materials, the linear
Teatures by standardised lines, and conventlonal map symbols
used to indicate churches, stations, bridges, level crossings,

radic masts, ete,

Whatever type of representatlion was used, it seemed desirable that the
overall graduation in tone from foreground to background should be included
to give the appearance of distance, A further consideration, applying only

to the 'mechanical'! types of representation, was the number of shading types
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used to represent the different features. S8ince the subjects would have
to learn the type of shading representing each feature it seemed important
that only a limlted number of different types, say five, should be used,

and that they should be readily discrimineble,

At this stage of the work no decision was made as to which, 1f any,
of the above technlques would be used for the final drawings but it was
agreed that an example of each technique would be prepared as a basls for
further discussion. For the preparation of these sample drawings two map
sections, marked with the target, the direction of approach and the points
from which the 2 mile range photographs had been taken were provided,
During this part of the work no 4 mile range drawings were prepared. The

work took place in two stages:

(a) Preparation of suitable grids for transforming the plan view
information on the map 1nto a perspective view, and subsequently
using these grids to prepare master drawings for the two

targets,

(b) Experimentation with different techniques for representing
Individual features and finally the production of sample
drawings, based on the master drawings, according to the

possible techniques outlined above,
These two stages are described in greater detall below,

(a) Preparation of master drawings

The 1nitlal step in the preparation of the master drawings for the
sample targets was to prepare two grids, one corresponding to the plan
view of the target area as shown on the map, and one corresponding to the
perspective view., These grids are shown in Figure 3.1. The plan view

grid represented the 30° horizontal field of view and was drawn to a scale
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of 1" = 1 mile, the same as that of the map. Additional plotting lines
were Included to facllltate accurate transfer of the information, An
Initial attempt was made to draw the grid ontec transparent cellophane which
could then be positioned acecurately on each map section in turn but it was
eventually found that drawing the grid straight ontc each map was more

convenient,

The perspective grid was prepared by determining, from the photographic
parameters glven, the levels at which points at various ground ranges from
the camera would appear on the display. In the foreground % mlle range
intervals were chosen, but at the longer ranges % mile and, later, 1 mile
intervals were adequate, as shown in Figure 3.1, A vertical centre line,
corresponding to the camera axis, was drawn and additional plotting lines
on each side., A simplified diagram showing how the shapes, lines and points
which made up the drawing were actually transfered from the plan view

grid to the perspective grid is given in Figure 3.2,

The map sectlons showlng the sample targets for which the master
drawings were prepared are shown in Figures 3.3 and 3.4. These drawings,
shown in Figure 3.5, formed a basis from which other types of representation
could be developed, The master drawings were drawn directly onto a

perspective grid and later drawlngs were traced off these originals,
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Simplified diagram showing the transfer of information from the plan view grid to the perspective grid
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FIGURE 3.

Map section
Target 8. Bramley Station

The target position is marked with a small circle. The
arrowed line represents the direction of approach and
the limits of the 30° field of view from the 2 mile range
point are also shown.
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FIGURE 3.4

MaE section

Target 11. Farnham Roundabout

The target position is marked with a small circle. The
arrowed line represents the direction of approach and the
limits of the 3%0° field of view from the 2 mile range point
are also shown. In this case the target is slightly offset
from the centre of the fleld of view.
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(b) Development of presentation techniques

The 8econd stage of the work was the development of possible techniques
for representing terrain features in the final drawings. The intention
was to produce drawlngs according to each of the technigues outlined
earlier in this section, but some prellminary experimentation was necessary
to determlne the most effective methods of representation and, in
particular, the code of shadings to be used in the mechanlcal represent-

ations,

Various possible types of freehand and mechanical shading techniques
for representing the main area features are shown in Figures 3,6 and 3.7.
The freehand drawings have the advantage of being more flexible and
therefore better sulted to the problem of representing the way in which
the appearance of a particular type of feature changes ag lts distance
from the viewer lncreases. The main disadvantage of freéhand drawings 1s
the difficulty of standardisation, btoth for successive drawings carried
out by the same artist, and for different artists carrying out the same

drawings.

Another problem 1n using freehand techniques 1s that the information
on the map is not sufficlently detailed to allow accurate representation,
particularly of bullt-up areas. Although some of the roads within built-
up areag are shown on the map, and it is reasonable to assume that there
will be bulldings along them, there 1s a lack of information about smaller
roads, houslng areas, factories and large bulldings, and other features
which may be conspicuous. This 18 partlicularly serlious if these features
occur in the foreground of the display. The artist 1s therefore forced to
rely partly on his idea of how the area might appear, This type of tartist's
impression' may be misleading. The same type of problem occurs with areas
deslgnated scrubland, parkland, woodland, etec.,, particularly as seasonal

variation plays an important part in the appearance of these features.
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If a mechanical shading technique 1s used 1t 1s possible to lay a
single type of shading over the appropri&te area, to represenp, say, a
pateh of serubland, and no further detall need be added. This 1s Iinevitably
less realistic, partlicularly in the foreground, but has the advantage
of avolding the inadvertént inclusion of information that might be mis-

leading.

if this course is followed the important gquestion of whether the

shading used to represent a particular feature should approximate to the-
tone and texture of the feature when seen in the photographs, or whether
it should suggest the feature by some form of semi-symbollc representation,
similar to that used on maps, must be considered. Some examples of these
two forms of coding are shown in Figure 3.6. The course chosen is to some
extent dependent on the availability of suitable shading materials in a
standard commerclal range, such as Letratone, although for extensive work

1t would be possible to have shadings made up to order.

The representation of line features such as rcads and rallways
presents less of a problem since they are easier to visualise from the map
information, The normal rules of perapective apply in determining the
width of these features at different distances from the viewer, but it
i1s not possible to estimate the extent to which they may be masked by
features not-shown on the map, particularly hedges. For these line features
there is not such a marked difference between freehand and standardised
forms of representation as there is for area features, Standardisation
of lines can be achleved by the use of a drawing pen with a nib of
specified size and different line features, roads, railways and rivers,
can be made readily distinguishable by glving each line a characteristic

form appropriate to the feature represented.

One general consideration that affects the type of representation
used is whether an overall grey covering tone, increasing in density

towards the foreground, iz used as a basis for the drawings, in order



s 20 =

FIGURE 3.6

Examples of different techniques for representing common area features.

FREEHAND TONE/TEXTURE CODING |SEMI-SYMBOLIC CODING
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*These shadings were not available in the standard Letratone range when
this initial development work was carried out, but they have been included
in this chart to show the materials currently available.
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FIGURE 3.

Examples of possible techniques for representing built-up areas in
the foreground and the background.

Freehand drawing

Freehand drawing + single
tone mechanical shading

Complex mechanical shad-
ing technique using two
different tones and a
superimposed texture.

Simple mechanical shading
technique using a single
tone for all built-up areas.

Built-up areas indicated
by partial removal of grey
covering tone
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to simulate the appearance of the photographs. Investigation showed that
no suitable graduated shading materials were available commercially. The
effects of such a tone and some attempts to bulild up a standardised tone

so that a realistic decrease in density from foreground to background

was achieved are shown in Figures 3.8 and 3,9. These examples are based

on the master drawings for the two sample targets given in Figure 3.5.
These attempts are not entirely satisfactory but it is clear that an
overall tone of this type does simulate the basic appearance of photographs,

or a television monitor, better than a plain white background.

If a graduated tone of this type is used then the possibility of
removing this tone to represent certain types of features as lighter than
the surrcunding areas can be considered, This is particularly relevant
in the case of roads and built-up areas which, as noted in Section 2,
sometimes appear lighter than the surrounding terrain. An example of the
use of this technique to represent built-up area 1s included in Figure
3.T. A comparison of two techniques for representing roads in open country
is shown in Figure 3.10. In one case the roads are cut into the covering
film, or drawn in white ink, thus appearing lighter than the surroundings,
and in the other case they are drawn in black ink, and appear darker than

the surroundings, Since it was not possible to predict how any particular
road would appear in practice it was necessary to decide which of these
techniques seemed most generally appropriate., For the preliminary work
shown in this section the first technique, that of cutting into the shaded
film, was chosen. This had the advantage of distinguishing more clearly

between roads and other line features which were drawn in black ink.

Figures 3.11 - 3.12 show examples of drawings prepared for the two
sample targets (No. 8 and 11) according to four possible techniques;
(1) freehand, (ii) mechanical shading, (iii) mechanical shading + freehand

detail, .and (iv) mechanical shading + map symbols.
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FIGURE 3.8

The use of a graduated tone to give the illusion of perspective.

These two drawings show the difference that the application of

a graduated tone can make to the illusion of perspective. The

use of such a tone appeared to be a necessary part of the pres-
entation. The main problem was one of standardisation since a

suitable form of mechanical shading material was not available

commercially.

Target 8 - with graduated tone
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FIGURE 3.9

Attempts to build up a standard graduated tone to give an
illusion of perspective in the presentation.

Target 1l. Farnham Roundabout

Building up a graduated tone from strips of shaded film of
different densities is not satisfactory as the changes in
tone are too great.

Target 8. Bramley Station

P e

T g
s

T g e L,

If a single tone is laid over the area there is no illusion
of perspective unless a considerable amount of supportive
drawing is done to increase the density in the foreground.
This results in a more complex presentation and greater
difficulties of standardisation.
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FIGURE 3.9 (continued)

Target 8. Bramley Station

In this example a darker covering tone has been used. In
the background the tone has been lightened with a razor and
in the foreground it has been increased by pencil shading.
This produces a more satisfactory effect but it would be
very difficult to standardise the technique.
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FIGURE 3.10

Examples of different techniques for representing roads.

Target 11. Farnham Roundabout.

In this example the roads are drawn on top of the grey
film in black ink.

In this example the roads are represented by cutting into

the grey film, or drawing on top of it in white ink, so
that they appear lighter than the surrounding terrain.
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FIGURE 3.11

Two sample drawings prepared for Target 8

Mechanical shading technique

Mechanical shading with detail added freehand
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FIGURE 3.12

Two sample _dr ed for et 11.

Freehand drawing

l
1 @ O N s Bl . T

An attempt to combine the symbolic coding on the map with
mechanical shading techniques
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4, PREPARATION OF THE COMPLETE SET OF DRAWINGS

Detailed consideration of the preliminary work deseribed in Section
3 led to the following decisions, taken before work on the complete

series of drawings was started.

(1) Two types of representation would be used, one freehand and
the other carried out entirely with mechanical shading
materials and standardised lines. The first of these types

was designated drawings, and the second diagrams.

(11i) The overall graduation in tone from foreground to background
could not be adequately represented either by freehand
shading, or by the shading materials avallable commercially.
Instead it was decided that sheets of photographic film
would be used to cover the completed drawings and diagrams.
These sheets of film, which were prepared by Kodak Ltd.,
were exposed such that the density increased smoothly from
0% at the top edge, to 60% at the lower edge, the longer
sides being horizontal. The size of the shaded film was
4,8" x 3,6", the same as that of the drawings and an
additional -&" border was left all round to facilitate
fixing. The use of this type of film eliminated the
difficulties of drawing on top of, or cutting into, the
commercial shadings used in the preliminary studlies. The

film also acted as a protective covering for the drawings.

(1i1) For the diagrams it was necessary to finalise the code of
mechanical shadings and lines to be used to represent the
different features. The use of the graduated film cover
meant that some of the techniques considered during the

preliminary work, those involving cutting into the grey
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film, or drawling on top of 1%, were no longer applicable.

Since very few shadings corresponding to 'semi-symbolic'

coding were avallable when this.work was carried out,; the
shadings were chosen to be as simple and readily distinguishable
as possible and, where appropriate, to approximate to the

tone of the feature in the photographs. The code used is

given in Figure 4,1,

(1v) The target would be indicated by a red circle, " in diameter,
drawn to surround the target if it was small, or in the
centre of it if it was large. (For reproduction in this

report these circles were re-drawn in black, )

It was then possible to proceed with the preparation of the drawings
and diagrams for the complete set of targets to be used in the experi-
ment. Since oblique views from two different ranges were requlred,
four representations (drawings and diagrams at 2 miles and 4 miles) had
to be prepared for each of the twenty targets. For each target a
section of map was provided on which the target itself, and the positions
from which the 2 mile and 4 mile range photographs had been taken, were
marked as accurately as possible. In some cases these three points
were not exactly co-linear but for the purposes of the present work
this was not of great importance. The directlon of approach to the
target was also given, assuming this to be coincldent with the opitical
axis of the camera. This information enabled the artist to draw the
appropriate grid, from which the terrain features could be transferred

to the corresponding perspective gridg.

At no stage during this work did the consultant see any of the
target photographs and, with two exceptions, he did not recelve inform-
atlon about the terrain other than that on the standard Ordnance Survey

maps used, The two exceptions were (a) military airfields not shown
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on the standard meps but which would be shown on military maps, and (b)
& few Instances where the map proved to be very out-of-date and omitted
large recently built-up areas., In these cases the necessary additions

were made to the map,

Examples of the finished work prepared for one of the targets,
together with the origlnal master drawings, are shown in Figures 4.2 -
4,6, For comparison purposes the corresponding photographs are shown
in Figure 4,7. Further examples are shown in Figures 5.2.3 - 5.2.5 in

Part VI (1) (pages 25 - 27).
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FICURE 4.1

The code of shadings used for the diagrams

g

”H

' i ‘h | I WOODLAND

'|"\“ m\w

SCRUBLAND

BUILT-UP AREAS
(foreground)

BUILT-UP AREAS
(background)

ROADS

RATIWAYS

RIVERS

WATER AREAS

AIRFIELDS

Both the diagrams and the drawings were completed by
overlaying with sheets of photographic film graduated
in density from 60% in the foreground to 0% in the
background.
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FIGURE 4.2

Target 6. Road/river bridge, East of Shinfield

Map section

Scale: 1 inch = 1 mile

The position of the target is marked with a small circle.
The points from which the 2 mile and 4 mile photographs
were taken are shown by dots and the limits of the 30°
horizontal field of view at these points are also shown.
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FIGURE 4.3

Target 6. Road/river bridge, East of Shinfield

Master drawing - range 2 miles
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FIGURE 4.4

Target 6. Road/river bridge, East of Shinfield

Range 2 miles

Freehand drawing

Diagram using mechanical shading materials




FIGURE 4.5

Target 6. Road/river bridge, East of Shinfield.

Master drawing - range 4 miles
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FIGURE 4.6

Target 6., Road/river bridge, East of Shinfield

Range 4 miles

Freehand drawing

'll!l"”"l]! |H|‘|

Diagram using mechanical shading materials
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FIGURE 4.

Target 6. Road/river bridge, East of Shinfield

Photographs

4 mile range
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SUMMARY

This experiment was intended to determine whether map
orientation had a significant effect on performance at a
statically simulated target detection task. Performance data
had been obtained previously under conditions in which the
map was presented in a fixed 'North-up' orientation. In the
present experiment similar data were obtalned under conditions
in which the map was orientated 'track-up'. 21 unskilled
subjects took part in each experiment.

Analysis of the combined results showed that map orient-
ation had no significant effect on any of the four performance
measures recorded: detection probability, search time, confid-
ence level and map-briefing time. There were also no significant
interactions between map orientation and either of the two other
maln factors tested, targets and ranges.

It can be concluded that map orientation is not an
important factor in this static detection task, but these

results cannot be regarded as applicable to a dynamiec situation.
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1. PURPOSE OF THE EXPERIMENT,

This experiment was one of a series of studies intended to
investigate factors affecting performance at an air-to-ground target
detection task, simulated statically by means of a series of oblique
aerial photographs. The subject was required to familiarise himself
with the target area, and the approach to it, by reference to a section
of a 1" = 1 mile Ordnance Survey map, on which the track of the alrcraft
was marked. He was then required to locate the target in the photo-
graphic display as rapidly as possible, without further reference to
the map. Photographs taken at ranges of 4, 3, a;and 1 miles along the
approach track to the target were available, but the subject did not
know at what range any particular target would be presented.

Throughout this series of experiments the map sections had been
presented in a fixed 'North-up' orlentation, i.e. regardless of the
directionof the aircraft track, the map section was positioned so that
the North-South axls was vertical, with North at the top. In an air-
borne situation it is more usual for a 'track-up' orientation to be
used, i.e, the map is rotated until the track of the aircraft is
vertical, For instance, if the track 18 due West, the map 1s rotated
through an angle of 90° in a clockwise direction from the 'North-up'
position to bring it to the 'track-up' position, In view of this dif-
ference it was of interest to determine whether map orientation had any
effect on detection performance, under the static simulation conditions
used in these experiments.

- The present experiment was intended to obtain detection perform-
ance data under conditions which were identical to those used in the
first experiment of this series (Parkes, 1967) except that new map

sectlons orientated 'track-up' were used in place of the 'North-up'
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maps used previously. Since the aircraft tracks were randomly orlentated
the angular differences between corresponding 'North-up' and 'track-up'
positions for the seven targets were random values between 0° and 1800,
direction of rotation not being taken into account.

The design of the present experiment, which was identical to that
used previously, was based on a matrix of seven targets and seven con-
ditions. The matrix was replicated three times,using 21 unskilled
subjJects, The four performance measures recorded for each target pres-
entation were detection probability (whether or not the position of the
target was correctly located), search time {(the time taken by the subject
in searching the photographic display), confidence level (the confidence,
on a scale of 1 - 7, the subject had that his response was correct) and
map-briefing time (the time taken by the subject to familiarise himself

with the appropriate map area).



2. RESULTS

The data relating to each performance measure were analysed to
determine whether there were any significant effects due to the two
different map orientations. The other main factors studlied, ranges
and target differences, were analysed only to determine whether they
interacted with map orientation. No detalled analyses were carried
out on the navigational uncertainty factor as this had previously been
shown to have no effect on performance. This limited analysls was
intended only to investigate the effect of map orientation, the effects
of the other main factors having been studied in detail in pfevious
experiments,

The analyses outlined in the following sections weré carried out
on the data relating to rahges 1l -3 mlles, only half as many readings
being available for the 4 mile range. This difference arose from the
two levels of navigational uncertainty, one of which was associated
with three ranges (1, 2 and 3 miles) and the other with four ranges
(1, 2, 3 and 4 miles). This imbalance in the experimental design meant
that 1t was not possible to include the range 4 miles data in the
analyses of variance and, since range was not of primary importance in
this experiment, they have alsoc been excluded from most of the subsequent
analyses.

The main results found from this experiment are outlined below
and a summary of performance data for the two different conditions of

map orientation is given in Table 2,0 at the end of this section.

2.1 Detection probability

Analysis of variance carried on the detection probability data
showed that the effect of map orientation was not significant overall,
and did not interact significantly with any of the other factors studied.

The effects of ranges and target differences were highly significant as
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was the interaction between them.

The overall detection probabilities for the 'North~up' and
'track-up' conditions were not significantly different, the values
being 0.62 and 0.60 respectively. Theré were alsc no significant
differences between corresponding detection probabllity means for
individual ranges and targets under the two map orientation conditions.
In the case of targets a further analysis was carried out to determine
whether the small differences in detection probabilities for the indiv-
idual targets under the two map conditions were correlated with the
magnitude of the angular differences between the 'North-up' and 'track-up'
conditions. The value of Kendall's tau was close to zero, indicating
that there was no correlation.

These analyses indicated clearly that the different map orient-
ations had no effect on detection probability. Indeed, the similarity
of the data obtained in the present 'track-up' experiment to those
obtained previously under 'North-up' conditions provides confirmation
of these original results. A summary of the detection probability data

under each-map condition is glven in Table 2.0.

2.2 Search time

Map orientation had no overall effect on search time and it did
not interact significantly with ranges or targets. The overall mean
search times were 11,9 seconds for the 'North-up' condition and 14.1
seconds for the 'track-up' condition. This marginal difference favour-
ing the 'North-up' condition was not significant. Differences between
range values for the two map conditions were not significant. Differ-
ences between mean search times for individual targets under the two
map conditions were non-significant, but for all except one of the targets

search times were marginally shorter under the 'North-up' condition.
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2.5 Confidence level

The overall mean confidence levels for the two map orientation
conditions were exactly equal, and map orientation did not interact
significantly with ranges or targets, Individual range and target means

were not significantly different under the two conditions,

2.4 Map-briefing time

Map orientation had no significant effect on the time taken for
briefing, the overall means for the 'North~up' and 'trackeup' conditions
being 89.5 seconds and 90.4 seconds respectively. Target differences
had a significant effect on map-briefing time, but there was no signif-
jcant interaction with map-orientation.

The subject did not see the photographic display until he had
familiarised himself wlth the appropriate map area, and therefore map-
briefing times relate only to the map display whereas the other perform-
ance measures related to the actual detection task. Since the subject
did not know at what range the target would subseguently be presented
while looking at the map display, analysis of the range factor is not
relevant for the map-briefing times.

Previous experiments had shown that map-briefing times were not
correlated with any of the other performance measures for the seven ta?gets,
and since the subjects were allowed to take as long as they wished in map-
briefing, it 1s possible that extraneous distractions could cause consider-
able random variation in these values, Analysis also showed that there was
no apparent relationship, under either 'North-up' or 'track-up' conditions
between the map times and the density of features in the relevant map area.
It was also found that differences in map-briefing times for targets under
the two map conditions were not related to the angular differences between

the 'North-up' and ‘trdck-up' orientations.

2.5 Psychometric measures

For subjects In both of the map conditlon groups it was found that
an individual's performance, in terms of the number of correct detections
made, was correlated with his score on the Helm test of intelligence.

The mean values of the scores in each group were not significantly different.



TABLE 2.0
SUMMARY OF PERFORMANCE DATA
DETECTION SEARCH TIME * CONFIDENCE LEVEL MAP-BRIEFING TIME
PROBABILITY {seconds) (seconds)
GENERAL NOTES
"North-up' '"Track-up' : 'North-up' '"Track-up' { 'North-up! 'Track-up' | 'North-up' 'Track-up'
;f Overall
t;iﬁl 0.62 0.60 11.9 14.1 5.3 5.3 89.5 90.4 No significant differences
1 0.74 0. 74 9.7 12.2 5.7 5.7 Not applicable since Detection probability,
R the subject did not search time and confidence
A 2 0.62 0.63 12.1 14.6 5.4 5.2 know at what range level are linearly related
N . the target would be to range.
G 3 0.52 0.43 14.0 15.5 4,7 4.9 subsequently pres-
E ented. Range 4 mile data are not
4 (0.38) (0.43) (12.9) (16.5) (5.0) (4.8) included in the main
analysis.
14 1.00 1.00 4.4 6.9 6.2 6.6 98,5 85.7 There are significant cor-
relations between rank
16 0.94 1.00 9.3 13.1 5.3 5.3 89.2 82.2 orders of the targets on
T each performance measure,
A 3 0.67 0.61 7.9 11.4 6.0 5.7 68.5 75.9 except map-briefing time.
R For each performance meas-
G 17 0.67 0.56 13,4 15.8 5.7 5.3 89,6 93.5 we, except map-briefing
E time, the target orders
T 13 0.50 0.44 13.2 4.4 5.3 4.7 85.7 95.1 under 'North-up' and
5 'track-up' conditions are
15 0.33 0.33 18.1 15,7 4.4 5.3 100.7 97.2 correlated,
1 0.28 0.28 16.9 21.3 4,0 3.9 o4, 7 103.3
]

. .
The confidence level scale ranged from 1 to T high values being associated with high confidence of a correct response.



5. DISCUSSION

The results outlined in the previous section show clearly that
none of the four performance measures made in this experiment were
significantly affected by altering the orientation of the map sections
from 'North-up' to 'track-up'. Not only had map orientation no overall
effect on any of the performance measures, but also there were no sig-
nificant interactions between map orientation and targets or ranges.

Interactions might have been expected to occur between map
orientaticon and targets slnce the eircraft tracks were orientated in
random directions and thus the angular difference between the 'North-up'
and the 'track-up' configurations was different for each of the seven
targets, However, there was no correlation between phe magnitudes of
these angular differences and the differences in mean detection prob-
abilities for the targets under the two map conditions. The same result
held for the other performance measures.

Since these angular differences between 'North-up' and 'track-up'
orientations were confounded with other differences between targets,
further analyses were carried out to determine whether, by chance, target
size (a predominant factor in determining detection performance) or
density of features in the relevant map area {one factor which might
affect map-briefing time) were correlated with the angular differences
between the two map orlentations. Correlations such as these could mask
the Interactions between map orientation and targets but no significant
correlations were found and it is therefore reasonable to conclude from
the above results that there are in fact no Interactions between map
orientation and targets for any of the performance measures studled.

The malin result found in this experiment, that map orlientation
has no effect on detection performance should be considered in relation

to the experimental task and the subjects used. Firstly, the subjects
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who‘took_part in this experiment were unskilled in that they had.iittle
or no flying experience, and none in high-speed, low-level flight,
éithough most of them were familiar with Ordnance Survey maps of the
kind used, During thls experiment they were exposed to only one map
orieﬁtation condition, and during the preliminary training and practice
the maps were displayed only in this orientation. Thus the subjects

had an opportunity to familiarise themselves with the map orientation
used,.and they were largely free from any negative transfer effects
which might have arisen from frequent use of maps in an orientation
different from that to which they were expoéed during the experiﬁent.
These factors would tend to minimise any differences in performance due
to differences in map orientatlon. Although some of the subjects teéted
-under the 'North-up' condition commented that they would have preferred
the maps to be displayed 'track-up', the majority of subjects did not
appear to care elther way and a few said that they preferred the 'North-up'
orientation.

Had 1t been possible to obtain performance data for skilled subjects
under both map conditions it 12 possible that differences in performance
would have been found, since experienced pllots and navigators normally
use maps in the 'track-up' orientation and those that took part in the
first experiment of this series did not favour the 'North-up' orientation’
of the maps.

Secondly, it should be noted that this experiment was carried out
under static conditions in which the area of the map that the subject
was required to familiarise himself with was relatively small, and he
was not allowed to refer back to the map while viewing the photographic
display. Both these factors may have contrlbuted to the absence of any
effect due to map orientation. A study of map orientation in relation to
static displays which has some relevance to the present experiment is

reported by Layman (1968). In one part of this experiment Layman
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compared the time taken by observers to locate the boundary of an
aerial photograph on a map, and then to estimate the map coordinates
of a designated object, under two different viewing conditions. Under
the first condition both the map and the photograph were displayed in
fixed orientations, whereas under the second condition the observer
was free to orientate the photograph relative to the display. This
experiment involved relating & photograph to a map, rather than a

map to a photograph as in the present experiment, but the necessity of
recognising corresponding elements in two different types of display,
which may or may not be simllarly orientated, is present in each case,.
However, the imagery used by Layman was vertical photography, whereas
in the present experiment obligue photographs, which are complicated

by perspective effects, were used. In spite of this the result found
by Layman, that freedom to orientate a photograph relative to a map
does not shorten the time taken to find the photographic area on the map
or to determine the map coordinates of a designated object, is in
accordance with the results of the present experiment.

It must be emphasised that the present experiment was carried out
only to determine whether map orientation affected performance under the
static conditions used in this series of experiments, and was not intended
to be applicable to dynamic situations. The effect of map orientation on
visual or televisual navigation performance is likely to be more marked
since under dynamic conditions the navigator must maintain continuous
geographic orientation along the aircraft track by locking elternately
between the map and other cockpit displays, and the outside world as
seen directly or ona TV monitor. MeGrath et al {1964) have summarised some
of the problems associated with the use of 'North—up', "heading-up' and
"track-up' maps in airborne situations, and they conclude that since
none of these systems will alone adequately meet display requirements

cptional map rotation will be required,
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One lmportant disadvantage cssociated with map rotation,. which
is necessary to maintain 'track-up' or 'heading-up' orientations,
is the possibility, investigated by Upton, Willis and Dougherty (1964},
of readlng errors, particularly when the alrcraft is travelling
South and the map is upside down. Although on some occasions In the
present experiment the directlion of the aircraft track reqguired
"track-up' maps to be presented upside down, there was no need for
the subject to read or report place names and it is unlikely that
this particular factor could have affected performance. Detmliled
consideration of thls problem, and related ones such as the leglbillity
of the type face used and the cluttered appearance of maps resulting
from an excessive number of place names, although of conslderable
importance, is not relevant to this report,.

The results of the present study showed clearly that under the
static condltions studled, wmap orlentation had no effect on detectlon
performance and it is reasonable to conclude that, had 'track-up' maps
been used throughout this series of experiments, the results obtained
would have been no different from those obtained under the ‘North-up'
conditions. However, as 1indicated .above, the dynamlec situation involves
considerations outside the scope of the present study and therefore it

is not possible to draw any wlder conclusions.
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SUMMARY

This experiment was intended to compare the effects of two
. o 10 0 10

different camera fields of view, 30  x 225 and 50" x 375, on
rerformance at a statically simulated target detection task. TFor
the smaller field of view the display size was 4,8" x 3,6" and the
viewing distance was 13"; for the larger field of view the display
size was 8,0" x 6.0" and the viewing distance was 21", The angle
subtended by the display at the observer's eye was thus kept con-

stant at 21° x 16° .

The results showed that field of view had no overall effect
on performance, as measured by detection probability, search time
and confidence level, However, for small targets there was soﬁe
evidence that the larger field of view resulted in higher detection
probability, lower search time and higher confidence level, Map-
briefing times were significantly longer for the larger ficld of
view than for the smaller field of view, the increase in overall
map-~briefing time being proporticnal to the increase in the

horizontal field of view.

In the Discussion section these results are considered in
relation to the findings of other reported studies of field of

view effects,
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1. PURPOSE OF THE EXPERIMENT

The experiment described in this report was one of a series of studies
intended to investigate performance at an air-to-ground target detection
task, simulated - statically by means of aerial photographs. The present
experiment was intended to determine whether increasing the camera field
of view from 300 x 22%"-0 to 50O X 37%0 resulted in any significant differences
in detection performance. The experiment was carried out under conditions
in which the visual angle subtended by the display at the observer's eye
remained constant. Thus, the effect of increasing tue field of view was
to increase thé extent of the terrain shown, thus increasing the amount
of information in the display, but to decrease the spparent size of the

target,

The static display materizl used in this experiment consisted of
a series of obligque photographs taken at ground ranges of 1, 2, 3 and 4
miles from each target, The camera fleld of view was 50o X 500, the
depression angle approximately 10°, and each photograph was 8" x 8" in
size, The 300 x 22%9 field of view was produced by masking the photo-
graphs so that only a central portion 4.8" (horizontally) x 3,6"
(vertically) was displayed, the viewing distance being 13", Under these
conditions the horizon appeared approximately +" below the top of the

display.

The larger field of view, 500 x 37%9, was produced by masking the
photographs to display a portion 8,0" x 6.0", the horizon in this case
appearing approximately l%" below the top edge, since the centre points
of the two different size displays were coincident, The larger display
was viewed from a distance of 21" so as to subtend at the observer's eye
an angle equal to that of the smaller display, viewed at the shorter
distance, This method of altering both viewing distance and display

size avoided the need to reprint the photographs at reduced size which
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would otherwise have been necessary. Such a procedure might have intro-
duced extraneous processing variables. The viewing conditions described

above are summarised in the following table:

TAELE 1,0

Summary of viewing conditions

: , Angle subtended | Angle subtended
Field of Actual size Viewing | by display at at the eye by

view of display distance| . eye 'targe'and'small’
targets.
‘ Large Small
30° x 223° | 4.8" x 3.6" 13" 21° x 16° 197 - 4o
50° x 372° | 8.0" x 6.0" o1 " 21° x 16° 123" 25!

The last colum in this table shows the mean values of the angles,
in minutes of are, subtended by large and small targets at the observer's
eye under each field of view condition, The seven targets used in this
experiment could be divided into two groups, oneé consisting of the three
large, consplcuous targets and the other of the four small targets., However,
since four rauge conditions were tested, there was considerable variation
within these groups., The values given can only be regarded as approximate
but they do give some idea of the variation between large and small targets

and the extent to which the increase in field of view decreases the visual

angle subtended by the targets.

The data relating to the smaller field of view condition had been
obtained in the first experiment of this series (Parkes, 1967) and in
the present experiment therefore it was only necessary to obtain data
for the larger field of view 509 x 3710. The conditions used were
identical to those used previously, as was the experimental design,

which was based on a matrix of seven targets and seven conditions,
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The matrix was replicated three times using a total of 21 unskilled
subjects, Each subject was tested on the Heim A;H.S test of intellige
ence, and care was taken to ensure that the mean score of the group of
subjects exposed to the larger field of view condition was not signif-
icantly different from that of the group of subjects used previously
under the smaller field of view condition, The subject groups were bal-
anced in this way since it had previously been shown that performance, in
terms of the number of correct detections made, was highly correlated with
an individual's score on the A.H.5 test,

Performance was measured by: detection probability (whether or not
the position of the target was correctly located), search time (the time
taken by the subject in searching the photographic display), confidence
level {the confidence, on a scale of 1 - 7, that the subject had that his
response was correct), and map-briefing time ( the time taken by the

subject to familiarise himself with the appropriate map area).

2. RESULTS

The data relating to each performance measure were analysed to
determine whether there were any significant effects due to the different
fields of view tested., The other main factors tested, ranges and target
differences, were analysed only to determine whether they interacted with
field of view, No analysis of the navigational uncertainty factor was
carried out as the detailed analysis of the data relating to the smaller
field of view, carried out previously, had shown that this factor had no
effect on any of the performance measures made. There was no apparent
interaction between navigaticnal uncertainty and field of view and,
therefore, in the analyses described in the following sections, data
from the two uncertainty conditions were combined,

Since one uncertainty condition was associated with 3 range
conditions (1 -~ 3 miles) and the other uncertainty condition with

four ranges (1 - 4 miles) only half as many readings were available
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for the range 4 mile condition as for the other ranges, As a result of

this imbalance in the experimental design it was not possible to ineclude
the range 4 miles data in the analyses of variance, Since range was not
of primary importance in this experiment these data have alsoc been

excluded from the subsequent analyses, except where specifically mentioned,

This limited analysis was only intended to investigate the effect of
field of view, the overall‘effects of the other main factors having been
studied in detail in previous experiments., The main results found are
cutlined below and a summary of performance data for the two different

field of view conditions is given in Table 2,0 at the end of this section.

2.1 Detection probablility

Mnalysis of variance carried ocut on the detection probability data
showed that the effect of field of view was not significant overall, and
did not interast significantly with any of the other factors studied.
The effects of ranges and target differences were highly significant as

was the interoction between them,

The overall detzction probabilities for the 300 fleld of view and the
500 field of view were not significantly different, the values being
0,62 and 0,66 respectively. There were also no significant differences
between corresponding detection probability means for individual ranges
and targets under the two field of view conditions. For both these
conditions, the relationship between range and detection probability
was linear, but there wés more variation about the regression line for the

data relating to the larger field of view.



The mean detection probabilities for individual ranges and targets
under each condition are shown in Table 2,0, This table also shows
the mean values for large targets (Numbers 3, 14 and 16) and for small
targets (Numbers 17, 15, 13 and 1) under each field of view condition.
For the small target group there was & considerarlc improvement in
detection probability under the 50o field of wview condition, as compared
with the 300 field of view, the relevant values being 0.53 and 0,44
respectively. The difference between these values is close to the
5% significance level, For the large target group there was no signi-
ficant difference between the mean detection probabilities for the two
field of view conditions, These results indicate that although there
was no significant interaction between individual target and field of
view conditions there does appear to be some difference between the
effect of field of view on the large and the small targets groups, the
detection of small targets being favourably affected by the increased
field of view, whereas there are no significant differences for the

the large target group.

2.2 Search times

Field of view had no overall effect on search time and there was
no significant interaction with ranges or targets., The overall mean
search times were 11,9 seconds for the 300 field of view and 10.5 seconds
for the 50O fleld of view, Differences between range means for the two
different field of view conditions were not significant, For both
conditions the relationship between range and search time was closely
linear for ranges of 1 - 3 miles. For the larger field of view this
linear relationship continued to the 4 mile range, but for the smaller
field of view an unexpectedly low value was obtained for this range

condition,
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There was no significant difference between mean search times for
individual targets under the two conditions, When the four small
targets were grouped together it was found that the mean search time
for this group was significantly shorter (p £0.05), under the 500 field
of view condition, (11.7 seconds) than under the 30° field of view
condition (15,4 seconds)}, There was no significant difference between

the corresponding values for large targets,

2.3 Confidence level

The overall effect of confidence level was not significant and there
were no significant interactions between field of view and ranges or
targets., The mean confidence levels for the 300 field of view and the.SOO
field of view were 5,2 and 5.6 respectively, the difference between these
values being non-significant. Differences between individual range means
for the two fleld of view conditlons were also non-significant,

The confidence level means for individual targets were consistently
higher under the 50O field of view condition than under utne 30'0 field
of view condition, but none of these individual differences reached signi-
ficance, However, for the group of small targets mean eonfidence level
was significantly higher under the 500 field of view than under the 300
field of view but the corresponding values for 1arg§ targets showed no

significant difference,

2.4 Map-briefing time

Under the 50° field of view condition the map area with which the
subjects had to famlliarise themselves was proportionately larger than
that for the 300 field of view and this difference had a significant effect
on map-briefing time., The mean times for the 500 and 300 fields of view
were 89.5 seconds and 135.1 seconds respectively. It is of interest to
note that the ratio of these times, 1 : 1,51, issimilar to the ratio of the
fields of view, 1 : 1.67. Differences between individual target means for

each field of vlew condition were all significant.



TABLE 2.0
SUMMARY OF PERFORMANCE DATA
[
! DETECTION SEARCH TIME CONFIDENCE LEVEL MAP-BRIEFING TIME
PROBABILITY (seconds) (1 - 7 scale) {seconds)
N GENERAL NOTES
Field of view Field of view Fleld of view Field of view
30%x 223° 50%x 373° | 30%x 228° m0% 373° | 30%k 223° 50%x 378° | 30% 228°  50%x 37L°
Overall No significant
nean 126 0.62 0.66 11.9 10.5 5.3 5.6 89'5 135.1 differences
Not applicable since Detection probability,
g 1| % 0.74 0.86 9.7 7.1 5.7 6.1 the subject did not search time and confid-
A . . 12.1 .10.2 4 ] know at what range ence level are linearly
H 2 42 0.62 0.60 2 23 the target would be related to range.
G 3 42 0.52 0.52 14,0 14.3 4.7 5.3 subsequently pres- Range 4 miles data are
E 4 | 21| (0.38)  (0.43) (12.9) (17.2) (5.0) (4.8) ented. not 1ncl¥de? in the
miles main analysis.
L 14 18 1.00 1.00 4.4 4.7 6.2 6.8 98.5 136.1 Field of view has a
A significant effect on
g 16 | 18 0.94 0.94 9.3 9.8 5.3 5.4 89.2 122.5 | getection probability,
o |G 3 18 0.67 0.55 7.9 10.3 6.0 5.9 68.5 108.7 search time and con-
E fidence level for the
A | Mean 54 0.87 0.83 1.2 8.3 5.8 6.0 86.0 122.4  |sm-il target group but
R not for the large target
G group.
S 17 18 C.67 0.56 13,4 1,9 5.7 6.0 89.6 131.6
E|M For each target map-
A 13 18 0.50 0.72 13,2 11.2 5.3 5.9 8s. 134.8 priefing time is signif-
T i tly longer for the
L 1 18 . . 18.1 11. 4.4 . eant.y -Onger
siL 3 0.35 0.50 7 5.2 100.7 155.1 larger field of view.
1 18 0.28 0.28 16,9 12.9 4,0 4.4 oh,7 162,2
Mean T2 0.44 0.53 15.4 11.7 4.9 5.4 92.7 145.8

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




3. DISCUSSION

The results outlined in the prevlious section indieate that, under
the conditions of this experiment, field of view had no overall signi-
ficant effect on detection probability, search time or confidence level,
However, there was some evidence that for the small targets mean
detection probability increased and mean search time decreased when
the field of view was increased from 300 to 509, whereas for the large

targets this increase in field of view had no significant effect,

Under the conditions-of this experiment the increase in field of
view was accompanied by an increase in both display size and viewing
distance, such that the angle subtended by the display at the observer's
eye remained constant. Thus the effects of increased viewing distance
and increased field of view were confounded, However, in a previous
experiment it had been shown that increasing the viewing distance
to 21" while keeping the 30° field of view and the display size constant,
thus reducing the angle subtended by the display at the observer's eye,
had no effect on performance., Therefore the incresse in detection
probability found when field of view and viewing distance were simul-
taneously inecreased can be attributed solely to the changz In field of

view,

This effect could have resulted from the increase in the extent
of the terrain shown under the larger field of view condition. Since
the small targets studied in this experiment occupied an extremely
small proporticn of the total display, even in the smaller field of view,
the subject's ability to orientate the main features in the display
from his knowledge of relevant map information, was of considerable
importance in locating the target area, It is likely therefore that

the improvement in detection probability for these small targets
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resulted from the fact that the larger area of terrein in the 50o field
of view showed a greater number of conspicuous features which could be

used in this orientation process.

In view of this it is perhaps surprising that the larger field of
view resulted not only in higher mean detection probability for the
small targets but also in significantly shorber mca: search time. Data
from the previous viewing distance experiment had shown that when viewing
distance was increased to 21", without an increase in the 30° field of
view, there was a marginal but non-significant increase in mean search
time for the small targets. It can therefore be concluded that the
significant reduction in search time under the larger field »f view con-
ditions waa the direct result of the increased area of terrain shown,
This could be due to the fact that the additional information shown
enabled the subject to locate the general target area more quickly, and
more accurately, thus reducing the time required for specific search of

this area.

It should alsoc be noted that when the field of view was Increased
the mean time taken for map-briefing also inereased, indieating that the
subjects did attempt to familiarise themselves with a wider area of
terraiﬁ. For the large targets map-briefing time was the only per-
formance measure sigaificantly affected bylfield of view. The absence
of any affect on detection probability can be accounted for by the
fact that for these conspicuous targets overall orientation was very much
less important than for small targets since in many of the-presentations
the target could be readily recognised without reference to other
features 1n the display, Since these targets were conspicuous largely
by virtue of their size the marginal deterioration in performance found
for the larger field of view could have been associated with the

decrease in the apparent size of the target,
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Whilst the fact that an increase in the field of view appears to
improve detection performance, as measured by detection probability, search
time and confidence level, for small targets but not for large ones 1s of
some interest, it should be noted that the effects were only of borderline
significance and must therefore be regarded with caution. No overall
significant effect due to the field of view was found in this experiment
and some consideration should be given to the reason for this result,
in view of the fact that a number of other reported studies clearly indicate
that fleld of view has a highly significant effect on performance at
various different types of target recognition task., The folliowing two

examples illustrate some of the results that have been obtalned,

In a study of telescope field of view requirements for star ldenti-
fication, Allen and Hershberger (1966) found a highly significant inverse
relationship between field of view and the time taken to identify a major
navigation star in a simulated star field, and to center it in the tele-
scope field, The field of view of the telescope was varied between 10°
and 450 and the main result found was that acquisition time decreased
markedly as field of view was increased %o 300, but remained relatively
stable for fields éf view larger than this, It was also found that the
majbrity of star identification errors (81%) occurred for viewing fields
of 250 or less. Both these results indicate that the smaller fields of
view were not large enough to provide a readily recognlisable pattern

of stars by which the navigation star could be identified,

More closely related to present work is a study carried out by
Rusis and Snyder (1965) who investigated the effects of TV camera field
of view on air-to-ground target recognition., The three camera fields
of view studied were 25° (vertical) x 34° (horizontal), 7.5% x 10°

and 6.20 X 8.20. The simulated altitude was 500 ft, and the simulated
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ground-speed 198 knots. The main performance measures made in this study
were the probability of correct recognition and the range of correct

recognition,

It was found that the percentage of targets correctly recognised
increased significantly as the field of view increa:c:d but there was
no interaction between target size and field of view, Analysis of the
range data showed that the mean range of correct recognition increased
as the field of view decreased, There was a statistically significant
interaction between field of view and the size of the targets, the increase
in recognition range with decreases in field of view being greater for
large targets than for small targets, but the general trend was similar

for targets of both sizes,

The explanation Rusis and Snyder give for the first of these results
is that as field of view is decreased the length of time the target is
in the field of view is proportionately reduced. There 1s evidence that
percent correct recognition is directly proportional to exposure time
and, therefore, the smaller the field of view,the less likely the target
is to be recognised, A second contributing factor is that the angular
velocity of objects across the display increases as field of view
decreases, which also tends to‘bring about a deterioration in performance,
The effect of [{ield of view on recognition range is due partly to the geo-
metry of the viewing conditions since, if the horizon is kept within the
field of view, the smaller the field of view, the greater the range of the
target when it passes out of the lower edge of the display and is thus no
longer available for racognition, Therefore, if recognition occurs, it
must take place at longer ranges than would be necessary for a larger
field of view., The fact that image magnification is inversely proportional
to field of view may alsc tend to increase recognition ranges for smaller

fields of view,
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These results indicate that the optimum field of view for a particular
situation will depend on whether recognition range or detection probability
is the primary consideration, If, for instance, effective weapon delivery
depends on recognition taking place at a relatively long range then a
small field of view might be desirable, However, for general alrborne
orientation purposes a high probability of checkpoint recognition is more
important than recognition range, and a larger fleld of view is therefore

preferable,

The experiment described above was carried out under dynamie simulation
conditions, whereas the present experiment used a meh less realistic static
simulation technique, The conditions under which this static experiment
was carried out sllowed the subject to view the photographic display for
as long as he required, although the importance of speed in the detection
task was emphasised., Therefore, the relationship between field of view
and exposure time, which is inherent in a dynamic situation if ground-
speed is kept censtant, was not simulated in the present static experiment,
Since this decrease in exposure time is a major factor causing the
deterioration in detection probability for smaller f{ields of view under
dynamic conditions, this at least partially explains why only a small

effect due to field of view was observed under these static conditions,

In practice the present experiment was investigating detection per-
formance under conditions im which, although changes in field of view and
image magnification were realistically simulated, the associated effects
s8uch as changes in exposure time, angular veloecity of objects moving
through the display, and geometrical viewing constraints, were not
simulated, However, in the experiment carried out by Allen and Hershberger,
in which observers were required to identify navigation stars in a simu-
lated star fleld, the nature of thg experimental task was such that these

dynamic effects were not present, since the observer was free to scan
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the star field with the telescope as he wished, In spite of this a highly
significant effect due to field of view was found, whereas in the present

experiment there was no overall significant effect,

Whilst the experimental task studied in the star identification
experiment, and that studied in the present experiment, are not directly
comparable, they were both orientation tasks involving the recognition of
complex patterns, by reference to a map, as a means of locating and con-
firming target position. The results obtained by Allen and Hershberger
indicated that no significant improvement in identification performance
occurred as field of view was increased beyond 300. This suggests that the
fields of view studied in the present experiment were both larger than a
critical size below which a marked deterioration in performance would occur
as the display would not show enough features for overall orientation
purposes, The results obtained from the present experiment suggest that
only marginal improvement occurs as field of view is increased from 300
to 50O although this improvement is more marked for small targets, the

detection of which requires more detailed and accurate orientation.

It is clear from this discussion that the static simulation technigue
used in the present experiment was not entirely appropriate for a study
of field of view since important effects assoclated with changes in field
of view in the dynamic situation could not be reproduced, This, together
with the fact that relatively large fields of ?iew were studied, appears
to have caused the relatively slight effects observed, as compared with

those reported by other investigators,
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