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ABSTRACT

Recent estimates by the Department of Transport have
suggested that up to £800 million of national resources
are wasted in the U.K. each year through unnecessarily
poor route choices. A valuable contribution towards the
recovery of these losses could be made by the provision of
more informative rocad maps, but the communication of this
information will only be improved if it is adequately
represented.

An investigation was consequently undertaken to
discover ways in which road map information can be
displayed in order to maximise the probability of
efficient route choice. A pilot study confirmed that
differences in symbolisation between two maps with the
same road classification could significantly affect the
routes chosen from them. A linked series of experiments
was conducted to establish principles to enable the map
designer to select a set of road symbols in which the
potential conflict between order and distinctiveness might
be resolved, so that the classification hierarchy might be
unambiguously perceived within the constraints imposed by
map reproduction processes. The prominence and
conspicuity of line symbols of varying colour, width and
casing was assessed by psychophysical magnitude estimation
and visual search tasks. The prominence of uncased lines
was found to be definable by a formula involving the
logarithm of line width, and the lightness contrast,
saturation and affective value of the line colour. The
situation is, however, complicated by the introduction of
casing lines and background colour.

In tests of specially designed experimental maps on a
representative sample of British motorists, it emerged
that the main cues used in decoding the classification
were (in declining order of importance) the Department of

Transport road class, the relative continuity of roads of

vii



each class, particular graphical conventions (such as
blue=motorway) and the prominence of the line symbol.
Prominence dbes however become increasingly important
where one or more of the other cues are not present. The
most effective symbol series were where these cues
operated concordantly. Colour provides the most immediate
perceptual segregation of line classes, and should clearly
be used to represent major discontinuities in road
quality, such as between single and dual carriageways.

The extent of built-up areas should also be clearly
depicted. 1In general it is recommended that the size and
evenness of the steps in the graphical hierarchy used
should reflect the relative differences in road quality

represented by the classificaion scheme used.

Symbols for the most common Eypes of restricted access

junction were also devised and successfully tested.
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l. TINTRODUCTION

For the majority of road Jjourneys undertaken in the
U.K., there is more than one possible route that could
realistically be taken. Even when motorists set off on
the same journey with the same objective (e.g. taking the
route requiring the minimum travel time) they will often
choose very different routes. In a study by Lunn (1978),
a sample of 70 volunteer motorists was asked to drive from
the Transport and Road Research Laboratory (Crowthorne,
Berkshire), either to an address in Chertsey, Surrey or one
in Bedford, as if they had an appointment for which they
had allowed the right amount of time. The results
demonstrated both the diversity of routes chosen in such
circumstances and the large amount of unnecessary mileage
driven. On average, the distance taken 'en route' (i.e.
as far as the edge of the destination town) was 12.3% and
10.5% more than the minimum possible for Chertsey and
Bedford respectively, with similar excesses (15% and 10%)

for journey times as well.

Various surveys of representative samples of traffic
in different areas (reported by Outram,1976;
Carpenter,1979 and Jeffery,198la) have produced estimates
of overall excess at between 5.5% and 6.6% of the total
distance travelled. Discounting Jjourneys

1) less than 5 Km long,

2) regqularly-driven (e.g. commuting trips),

3) where 'non-optimum' (e.g. scenic) routes are sought,
or

4) where there is no real alternative route,

the figure for the émount of mileage that is
realistically avoidable is reduced to about 2%. However,
recent estimates have put the cost to national resources
of this avoidabie wastage as £800 million per year
(Jeffery,1985).

Thus an £800 million loss is caused entirely by the



extra length and duration of trips where this is both
unnecessary and unwanted by the traveller. Clearly many
drivers seeking optimum routes fail in their objectives:
in one of the surveys, involVing inter-urban trips in
Gloucestershire, the proportion of journeys where drivers
actually used the route which best fulfilled their stated
objective varied between 36.2‘and 53.7%, depending on the
type of journey involved. The added cost amounts to about
£40 a year for the average car and £130 for each lorry.
Moreover the majority (70%) of this wastage occurs en
route rather than in the terminal search for the specific
destination, where the average motorist is more conscious
of potential inefficiency. Consequently most of the
savings are to be made on longer distance inter-urban or
cross—-country trips, where road maps have an important
influence. The benefits of an overall reduction in
aggregate distance and travel time could accrue from a
better distribution of traffic across the road network,
except where it is already operating at capacity, as in
many metropolitan areas during peak hours. A
corresponding reduction in the number of accidents would
also be expected (Russon,1986). The cut-back in new road
construction in the U.K. has made the efficient use of the
existing network all the more important (Jeffery,198lb).

In order to improve the efficiency of route planning,

two basic methodologies are available. One is to use a
route guidance system that is able to calculate the
optimum route (in terms of shortest time, shortest
distance or some composite measure of 'cost') and tell the
traveller how to follow it. The second is to provide the
road user with better quality information from which he
can make his own route decisions according to his own
specific circumstances. Conceptually, route guidance
systems can be divided into four major categories:

1) instructions supplied by information displays beside
or above the carriageway (e.g. Keller and Cremer,1982),

2) routeings obtained before travelling either from



motoring organisations or from dial-up Viewdata systems
such as ROUTE-TEL or CARTRIPS (Robb,1985) in the U.K.,
which supply route listings and strip maps respectively,

3) self-contained in-vehicle navigation systems using
dead reckoning techniques (measurements of distance and
direction travelled) to keep track of vehicle position:
some of these systems do not plan routes (e.g. the Honda
Gyrocator in Japan and the VDO Citypilot in Germany) while
others use network knowledge to calculate optimum routes
and prevent cumulative positional errors (e.g. the Etak
Navigator in the U.S.A. and the Phillips CARIN system in
Europe),

4) in-vehicle systems involving communication with
outside units for position fixing and potentially
real-time routeing in response to changing road
conditions, the units being either roadside beacons, loops
buried beneath the road, radio transmitters or satellites
(e.g. Plessey 'Autoguide', Bosch/Blaupunkt ALI and several
systems being developed by American car manufacturers).
Some of the in-vehicle systems include map output on VDUs,
while others merely use textual or spokén instructions.
Obviously at the current state of development, all these
systems are highly capital intensive and involve very high
costs either to the cohsumer, to public funds or to both
(Jeffery,1981b).

Information enabling travellers to make their own
route choices (both before and during the Jjourney) 1is
derived from five main sources: ‘

1) people's existing knowledge

2) personal advice

3) broadcast traffic and weather information

4) signposts ‘

5) maps.
While the first two of.these cannot be directly improved,
the Department of Transport have attempted to evaluate the
financial benefits that might derive from improved maps

and signposts, compared with various types of automated



route guidance system (Jeffery,1981b). Currently,
signposts appear to have the most influence on route
choices made in transit (Wootton et al.,1981), while maps
are by far the most important source of information for
pre-journey planning of long routes over unfamiliar roads
(A.Morrison,1979a). 1In the area of the éforementioned
Gloucesteréhire survey, Wootton found that at no signed
junction were the signposts identical to a computed
optimum, and that on average a poor direction was
indicated at every sixth intersection. Relating this to
the survey travel data, an optimised system could achieve
savings of up to £100 million per annum (at 1979 prices)
with a much higher cost-benefit ratio than any of the
route guidance systems. However, Jeffery estimated that
despite yielding the lowest aggregate return (£20 million
p.a.), improved maps would provide the highest
cost-benefit ratio of all, because their development and
production would be so cheap and involve minimal use of
public funds, even where new information had to be
collected. The most important improvement required on
maps is information to enable better assessments of
relative journey times (Jeffery,198lb), given the wide
range of likely travel speeds prevalent -on the current

road network.

The objection might be made that in presenting such
information on a stimulus which can be updated only
infrequently (i.e. the road map), routes chosen from an
intelligent reading of the map may in fact be slower, once
a certain level of usage of that map is attained. For
example, in a choice between a slow, congested trunk route
and a faster cross-country alternative, the map might
encourage sufficient traffic to divert onto the latter to
make it eventually slower than the trunk route. However,
until that use level is reached, benefits are obtained
both by the drivers who divert and by those who remain on
the trunk road with its somewhat reduced traffic load.
Beyond that point, a virtual map display with a dynamic



response to changing traffic conditions would be required.

According to Janssen (1975,p.19, transl.), 'traffic flow
will always be benefitted by supplying the person involved
in the traffic with complete information about the

alternatives at his disposal.'’

To improve the cartographic communication of
information, better map design and better user training
should ideally go hand in hand (M.Woo0d,1972; Eastman and
Castner,1983). Given the potential problems of trying to
train an almost entirely adult target population of
drivers and navigators, improving the maps is clearly the
line of less resistance with the more immediate benefits.
The problem then for the map designer is defining the
'normative values for the user population' so as to
maximise the possibility of the message being understood
by those to whom it is directed (Easterby,1984,p.24).

1.1 Maps and Route Planning

The unique property of maps as a source of route
planning information is their ability to show, using the
inherent visual organisation provided by two-dimensional
space (Haber,1981), the totality and complexity of spatial
relations between the roads and places in the area of
interest, so that routes can be selected from an informed
synoptic overview of the possibilities. Bartram (1980)
has demonstrated the superior performance in the planning
of multiple-bus journeys of people using maps rather than
verbal route lists, suggesting that the map is the format
most compatible with people's mental representation of
spatial information. While route listings give no
information about the surroundings of a route, maps enable
the skilled user to make diversions or detours, and
possibly to recover his route if he loses his way. From a
commercial point of view, maps have a further advantage
over route guidance systems with no graphical output-



namely that the producer is not responsible for the
quality of the route choice. Until highly sophisticated
systems involving full real-time monitoring of traffic
conditions are available, any system will not be able to
guarantee the quality of the decision it makes in every
single case. This is a substantial disincentive to
companies considering the development and/or marketing of

such systems.

However, 'the inadequacy of many road maps forcibly
strikes every traveller sooner or later.'
(A.Morrison,1966,p.17) Often this is because the
information they contain is either irrelevant, inaccurate,
out-of-date or poorly presented, or because more useful
information is not shown. Armstrong (1977) considers that
the use of out~of-date, inaccurate or insufficiently
detailed maps is one of the major causes of resource
wastage through sub-optimal route planning. Developing
technology has opened up some new ways in which improved
map information can be provided. For example,
individualised maps adjusted to the user's specific
requirements could be rapidly plotted from a centrally
updated database (e.g.Robb,1985), and the above-mentioned
in-vehicle map displays can plot the vehicle's current
position. However, while several studies have
investigated road map users' information requirements and
the (in)adequacy of maps to meet these (see, for example,
section 2.2 below) tﬁe manner of representation of the

information has been relatively ignored.

This imbalance of attention was first noted by
Robinson at‘the start of 'The Look of Maps' in 1952 (p.4):
'The ability to gather and reproduce data', he said, 'has
far outstripped our ability to present it.' Petchenik
(1983,p.45) has suggested that 'in the past most data
mapped were sufficiently simple and the range of graphic
techniques employed so conventional that methods of

depiction were essentially transparent to their users.'



With the growth in the amount and complexity of mapped
data, more demanding uses of graphic variables have been
required. Generally the making of a route choice from a
map involves the weighing up of several factors, such as
the trade-off between shorter distances and better roads.
Whatever relevant information is shown, improved route
choices will only result if the manner of symbolisation
enables it to be clearly and unambiguously communicated to
_the map user. Various studies have shown that the design
of a road map can have a considerable effect upon the
routes chosen from it (section 2.4.3). As Dobson (1983b)
has stressed, where a map display is to be used for
spatial decision making, it is extremely important that it
has been designed to induce quick and accurate task
performance. This is perhaps especially significant with
in-vehicle map use for route planning, where decisions may
have to be taken in a hurry. Well-designed maps clearly
do not compel their users to make good decisions with
them, but they can maximise the probability of efficient

route choice occurring.

Information on road classification is clearly
fundamental to the route planning process. Whatever
criteria are used for the classification, all schemes
carry connotations.of hierarchy. Consequently the main
problem for the cartographer is how to assign coloured
line symbols to road clésses so that they form a clearly
intelligible series, from which the ordering of the
classes can be assessed at a glance. According to
Robertson and O'Callaghan (1986,p.24-25), while some
studies 'stress the value of supporting“aids such as
legends...to achieve...levels of comprehension, it is of
primary importance that quanfitative variables be
represented by graphic variables which are in some way
intuitively or perceptually significant.' Lloyd and Yehl
(1979,p.150) state that 'providing the map reader with an
orderly map with the order appfopriate to the information
and visually apparent to the map reader, should increase



the probability of a successful map.' Clearly the map
will communicate a hierarchical message most successfully
if the psychological ordering of the symbols corresponds
with the relative importance of the elements of

information they represent.

The problem remains as to how this graphical hierarchy
is achieved. Where one class of line symbols is perceived
to be more important than another,. what features are
responsible for this, and how much control does the
cartographer have over them? One particularly poorly
understood area is that of colour. According to Haber
(1981,p.13) 'colour alone is a powerful visual feature to
provide immediate segregation of areas of details, such as
to differentiate countries on a map...More complex but as
yet unexplored uses of colour are possible...Is it
possible to assign colour to density in such a way that
the viewer can map the order of the colours onto
the...values, without having to learn them?' The demands
made of colour are particularly acute when different
classification criteria demand the removal of some
hierarchical cues. 'On conventional road maps...the
pattern of the roads themselves tells the reader which is
the highest category, for the roads of a lower class are
always tributary to those of a higher class. It is
therefore possible to publish successfully maps in whict
the colours representing the road classes do not lie im
the order of their psychological impact.'’
(A.Morrison,1971,p.6) However, when the colours represemnt
the likely travel speed on each road section, "the fasi,
medium and slow sections may be isolated; they do mot
necessarily form a pattern', and the visual impact of the
line symbols becomes all the more critical.

Consequently the aim of this thesis is to investigahe
the perception of line symbol series on road mapsS, and td
discover design principles which might enable map WsRLSy,
in the amount of time available te them, to chopse FOLLES



which fulfil their own objectives significantly better
than they do at present. As there are no specific
precedents to this particular study goal, it will be
necessary to synthesise ideas and techniques from a wide
variety of disciplines.



2. THE DESIGN OF ROUTE PLANNING MAPS

The road map is almost invariably a highly commercial
product. In many countries, road maps and street plans
are the only cartographic products on general sale. For
many publishers they are the major or sole line; for
several national survey organisations they are
revenue-raising bulk sellers which subsidise less
profitable products. Many are given away free as
advertising or for the promotion of tourism. 1In any case,
the ultimate aim of the product is to make money. Not
only is this reflected in the content and presentation of
the maps, but also in the relative lack of consideration
given to them in the academic literature. The image of
the road maps as a cheap, basic, easily worn-out and
disposable product, encouraged in North America in
particular by a history of free distribution by oil
companies and now state authorities, must be partially
responsible for this. According to Falk (reported by
Schiede,1968) road maps do not enjoy the academic respect
their wide circulation deserves, and the main design
guestions are too often left to vil companies and their
agents, who generally possess little cartographic
expertise. Additionally, according to Brian Coe, formerly
of the NERC Experimental Cartography Unit (reported by
Braidwood,1981,p.53), cartographers themselves are 'less
interested in the principles of information design -
getting people's attention and conveying ideas simply -

than in measurement and accuracy.'

The map producers too have generally not been
overanxious to reveal details of the process of design and
evaluation of their own products. In many countries the
road map market is highly competitive. For example, the
U.K. map and guide market, worth £28 million in 1980, is
served by at least 14 different companies who are each
responsible for the preparation of at least one road map
base. 1In such circumstances, with the majority of the

10



companies being very small, few have undertaken much
formal market research or product evaluation, and when
they have, it has often remained strictly confidential.
Other researchers have found it difficult to extract
information from British commercial map producers. 1In one
case where a constructive reply was received, from the
leading U.S. map publisher Rand McNally, it revealed that
their map specifications were often drawn up, with little
forethought to consumer requirements, through committee
decisions based on the skills and experience of their
staff, modified through trial and error (R.D.Wright,1967).

However, a certain amount of literature on road map
design does exist, and it can be divided into five main
categories: :

1) reviews or surveys of the informational requirements/
preferences of road map users (e.g. A.Morrison,1966;
Connal,l1l983),

2) descriptions of the selection and representation of
map contents for specific maps, sometimes by the maps'
producers themselves (e.g. Mair,1963; Goldring,i978),

3) studies of users' preferences for particular designs
of published or experimental map (e.g. Consumers'
Association,1983b; Sheppard and Adams,1971),

4) studies of users' task performance on different
designs of published or experimental map (e.g. Sheppard
and Adams,1971; A.Morrison,1974),

5) traces of the history and development of road maps
(Ristow,1964; Nicholson,1983).

2.1 The Route Planning Map

Road maps are put to a wide variety of uses. Because
of their profusion, they are often the nearest or only map
to hand in many situations where one is required. Whilst
it is basically true that 'in comparison with some types

of map, it is easy to evaluate a motoring map, because it

11



has only two or three well-defined purposes and is
intended for a definite population of users,'
(A.Morrison,1975,p.120) these maps may well also fulfil
other largely unintended functions. The following uses of
road maps are suggested in the literature (Kirby,1970;
Anderson,1975; A.Morrison,1975; Hilliard,1977; Thake,1979;
Gill,1982; Connal,1983):

-route planning: the map helps the user to discover the
best route to his destination, and how good it is;

-navigation, or route following: the map provides
details which promote awareness of location, enabling the
user to keep to his chosen route without getting lost;

-location of places or areas of recreational/ touristic
significance for trip destinations and drives, or simply
as points of interest,

—-location of relevant services {(e.g. fuel, food),

-general reference, especially when stored in map
collections or used as wall maps,

-as gazeteers (road atlases in particular),

-providing information on large centres of population,

-calculation of distances (independent of any of the
aforementioned uses), and

-walking {(not recommended!).

Given this diversity it is hardly surprising that, in
Keates' (1973) definition, road maps are not strictly
v'thematic',vbut are 'special-purpose' versions of
topographic maps with road information emphasised. This
relates too to the origins of road map designs. Many of
the 'commercial' producers' maps started as simple
generalisations from topographic maps with little added
information. Others are 'general purpose' maps which have
gradually become more specialised: a prime example 1is
provided by the slow but accelerating evolution of the
Ordnance Survey 1:250,000 and 1:633,600 maps to meet the
needs of the road user (Griffith and Kelly,1965;
A.Morrison,1979b,1980b). Thié specialisation should be
apparent in information priorities on the map, both in
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terms of what is selected and omitted and in its
classification and representation. For example, Lundgvist
(1963) suggests that features such as Jjunctions with
limited access, staggers of junctions and the by-passing
of settlements by roads should be emphasised on road maps

to assist route planning and navigation.

Some studies have differentiated road maps by scale in
terms of the uses for which they are appropriate. 1In the
U.K., maps at scales larger than about 5 miles to the inch
(1:316,800) have been labelled 'touring' maps (Consumers'
Association,1963,1983b) as they generally contain
sufficient detail to enable navigation on rural minor
roads. The smaller scale 'route planning' or 'long
distance' maps are so called because, with the inevitable
loss of detail, they are less useful for navigation or as
a spatial inventory, but are suitable for planning long
distance journeys on major roads. It does not mean that
route planning is not or cannot also be carried out on
maps of larger 'touring' scales. In fact the majority of
road maps and atlases now sold in this country and used to
plan routes are at 'touring' scales. The concern of the
present study is with the task of planning inter-urban
routes from maps. Consequently all maps and all scales
which are regularly used for this purpose are of
relevance, and in Kirby's (1970) survey, this included a
whole range from one~inch (1:63,360) maps to general

reference atlases.

2.2 Relevant Information for Route Planning Maps

In 1963 the Consumers' Association reviewed 51
contemporary British road maps. Despite the wide variety
available, they were forced to conclude that the maps were
'generally graphically amateur', and that little
improvement had been made to the content and presentation

of motoring maps 'since the Michelin ones of the 1920s.’
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However, over the next decade, the very rapid increase in
the number of cars on the roads and the increasing length
of holidays led to a massive expansion in the demand for
road maps (Drewitt,1973). Many maps were redesigned with
completely new specifications; extra detail such as dual
carriageways and tourist information was gradually added.
However, few map producers evaluated their products in
terms of anything other than sales, an index influenced as
much by the quality of marketing as the design and content
of the map (Fullard,1965), which can only really be tested
after purchase (Anderson,1977). Some researchers began to
call for a more rigorous form of road mapping adapted to

the tasks for which it was used.

In Germany, Schiede (1968) called for road maps which
reflect the specialised needs of the motorist in terms of
content, presentation and updatedness. Information on
road condition, safety, traffic level and travel speeds
is, he claimed, more important to the motorist than
tourist information. He called for a road classification
based on the quality of the road rather than Jjust its
administrative status or arteriality, and the depiction on
the map of all the factors which can play a role in route
choice, such as road width, bendiness, gradients and
surface. From these the user can make the best decision
for his own circumstances. Preston (1980) and Connal
(1983) however have both distinguished between two types
of road map user:

1) one seeking the fastest and/or most direct route to a
specific destination, -his only interests in transit being
fuel, food and places which might slow him down or require
a change in his concentration level. He requires only
'basic' information from the map.

2) one preparea for a leisurely drive with time for
sight-seeing, who additionally needs tourist information
and details of the environment.

Connal defined 'basic' information as trip origins and

destinations (settlements etc.), a road classification
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based upon.road quality, marked road distances (or times)

and the location of services.

A number of surveys have also been undertaken (e.qg.
Astley,1969; Kirby,1970; Drewitt,1973; Anderson,1977;
Connal,1983) which have asked road map users about the
information they require from the maps. The results are,
however, often of limited applicability for two main
reasons. l

1) Users are rarely asked about the relationship of map
content to map using activities. For example, a road
classification based on road quality'may be desirable for
route planning, while an administrative and/or arteriality
classification related to signposting may be more useful
for navigation.

2) When users are asked about map content outwith an
actual map using task, there is a tendency to demand an
amount of information that is, either because of the cost
of procuring it or the technical problems of representing
it without cluttering the map, unrealistically high
(Connal,1983). This could be expected to be a particular
problem with 'closed' questions.

Thus, according to M.Wood (1968), it is hardly
surprising that many map editors have resorted again to
their better judgment.

Astley's (1969) survey undertaken in the cafeterias of
a motorway service station is however particularly
interesting as his sample of 300 was largely composed of
lorry drivers and salesmen who might be expected to fit
into the 'fastest-route planning' category
(A.Morrison,1979b). 1In closed questions, a majority
favoured the indication of dual carriageways, danger
spots, and road sections likely to be blocked by traffic,
snow or floods, and agreed that the depiction of the
extent of built-up areas was inadequate. When comments
were invited, the most common calls were for a code to

distinguish narrow, congested roads from fast, clear ones,
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and a specialist heavy haulage map showing height and
weight limits and tight bends. 1In contrast, Kirby's
(1970) sample of 1553, largely members of such
organisations as the Royal Scottish Geographical Society
and the Ramblers' Association, was far more orientated
towards leisure drivers. Many wanted more landmarks (such
as church steeples, windmills and tall chimneys) to be
shown as an aid to navigation, and a 'functional', rather
than simply administrative, classification of roads.
Michelin road maps were often mentioned as an example of

superior cartography.

In Canada, Anderson's (1977) survey of 395 users of
the official Alberta ;oad map also recommended a road
classification based on quality (number of carriageways
and surface type), a finding confirmed by McGrath (1971).
Additionally, many people wanted scenic roads to be
indicated. However, for 71% of Connal's (1983) sample of
224, their most usual use of a road map was for planning
the quickest route, and environmental information was of
little use. 1In a ranking of 18 categories of information,
road surface, road number and number of lanes were amongst
the four most important influences on fastest route
selection. Services were relatively unimportant, but
overall in the surveys there was considerable demand for
the marking of public conveniences, followed by 24-hour
petrol stations, police stations and restaurants
(Astley,1969; Kirby,1970; Drewitt,1973; Anderson,1977).

Overall the surveys seem to indicate that the

Preston/Connal model relating content requirements to use

type is generally accurate.

2.3 Road Classification for Fastest-Route Planning

A.Morrison (1966,p.18) gave specific consideration to
the information requirements of the map user seeking an
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optimum route by attempting to minimise 'the adverse
properties of the journey, namely journey time and cost,'
and maximise 'the favourable properties, namely safety,
mental ease, physical comfort, certainty of following the
route, amenity and the availability of services.' The
particular significance of each of these aims will of
course vary between people and specific circumstances.
Some of the information needed to fulfil them is clearly
available from existing maps: cerfainty of route
following, for example, is largely a function of sticking
to the more continuous roads and minimising the number of
turns to be made.

Journey times, however, are less easily assessed from
the map. 1Isoline techniques have been used for the direct
mapping of likely journey times (Muller,1978), but only to
one particular point on the map, and with no indication of
the routes taken to achieve these times. Given that road
maps show the network distances between places,
indications of likely travel speed could act as a
substitute for the direct representation of journey times.

Speeds could either be represented
1) directly, in which a classification based on likely
travel speed is depicted (A.Morrison,1971), or
2) indirectly, in which information is provided about
the major factors influencing speeds. One of these is the
driver's preferred speed in conditions where he is
constrained only by national/ state speed limits or
vehicular performance. A combination of interrelated
aspects of carriageway and traffic conditions may prevent
him from realising this speed, and they can be listed as
follows:
1) the presence of local statutory speed limits, in
built-up areas etc.
2) road width/ number of lanes/ number of carriageways,
affecting the ease of passing and overtaking other
vehicles

3) road surface type and quality
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4) the bendiness of the road and the proportion of its
length lacking overtaking sight distance
5) gradients
6) the frequency of junctions where priority is not
protected
7) (potential) compulsory stops such as traffic lights,
level crossings and tolls
8) the relationship of traffic volume to road and
junction capacity
9) the presence of particular classes of traffic such as
HGVs and slow vehicles (tractors etc.)
10) temporary stops or reductions in road capacity caused
by road works, breakdowns and accidents
11) the prevailing weather conditions.

Clearly several of these factors, especially the last
four (8-11), vary considerably from time to time and with
unforeseeable circumstances. Thus some map producers are
wary of direct indications of speed as, in addition to the
usual problems of obtaining updated information, they can
in no way guarantee speed designations in all
circumstances. On occasions where they might turn out to
be unhelpful (e.g. extensive road works on a usually fast
road), the user may well lose confidence in the map. The
direct representation of speed categories may also reduce
the flexibility of the map for uses other than 'fastest
route' planning (Connal,1983).

If an indirect indication is adopted, this puts the
onus back onto the map user to make his own assessment of
the prevalent conditions according to his own
circumstances. Clearly not all of the more permanent
factors can be incorporated'into elements of the road
symbol at once; nor would this be desirable as the user's
information processing capacity would immediately be
overloaded. However, classifications with up to four
dimensions have been depicted, such as the scheme
recommended for state road maps by the American
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Association of State Highway Officials (AASHO,1962), where
road arteriality, width and surface quality are shown by
variations in symbol colour, width and configuration, and
administrative status is indicated by the road number
marker. Fortunately, several of the above factors can be
incorporated on the map outwith the road classification.
Gradients, level crossings, roundabouts and tolls are
often indicated by point symbols. Bends can usually be
depicted fairly accurately by the‘alignment of the road
symbol at 1:200,000 or greater (A.Morrison,1966): at
smaller scales appropriate generalisation is required.

Built-up areas can also be shown by numbers of
repeated point (building) symbols or by coloured and/or
textured area filling. Some maps emphasise the effect of
urban areas on speeds by altering the line symbols within
towns. Where no area fill is used, it might be considered
desirable to make urban roads prominent and distinct, to
indicate that they should clearly be avoided if possible,
because of the disproportionate effect they have upon
journey time. However, in practice an increase in width,
for example, is generally impossible because of the
increased density of information to be shown in urban
areas. Thus it is more normal to depict the built-up
area, within which the road symbols are sometimes narrowed
(e.g. Esso maps in the British Isles) and/or deprived of
their coloured filling. The remaining criteria- road
width/ number of carriageways and road surface quality-
are often incorporated into the road symbol, although the
latter is of less significahce in the densely populated;
countries of Western Europe where the vast majority of

through roads are paved.

Studies by A.Morrison (1980a) and Taylor and Jeffery
(1981) have pointed to the relative significance of the
factors affecting driving speeds. Morrison tested the
correlations between many of these individual factors and

traffic speeds, derived from his own surveys, for the main
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(basically M,A and B) roads in Southern Scotland and
Northern England. The strongest absolute correlations
were with built-up areas and 30 m.p.h. speed limits,
indicating that the urban/rural split was the most
fundamental influence on speeds. He also found the
classification with the best overall correlation with
speeds which could be derived from existing information
used in map compilation, i.e.

1) rural motorway

2) rural dual major road

3) rural single major road

4) other rural road

5) partly built-up road

6) wholly built-up road.
(The best definition of 'major' varied slightly according
to the generalisation and urban/rural split of the
particular network portion used.) This was clearly
superior to any of the 18 classification schemes used on

existing maps which he also tested.

Taylor and Jeffery, using a network around Reading,
Berkshire which included more (2-lane) 'unclassified'
roads, attempted to pfedict speeds for each road section
using only data found on Ordnance Survey 1:50,000 maps
plus information onh the positions of 30/40 m.p.h. speed
limits obtained from county councils. They divided the

roads into five basic categories:

Default speed (Km/h) Reduced for....
Motorways ‘ 100
Unrestricted dual 85 hills
Unrestricted single 75" hills, bends
Restricted roads 44.6/59.5% peak hours
Town centre roads 35-40 peak hours

* 30 and 40 m.p.h. limits respectively
In addition, Jjunction delays were estimated at 15 seconds,
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rising to 35 seconds for town centre junctions in peak
hours. These predictions were tested by 26 subjects who
drove routes which together provided a representative
sample of driving conditions across the network. The
model basically performed very well apart from an
underestimation of peak hour delays in central Reading,
where traffic levels were at near saturation. Remaining
systematic errors were compensated for by an overall
correction. Cartographically, the most unusual aspect of
such a classification would be the depiction of speed
limits. These were incbrporated into certain American
road maps of the 1930s (Ristow,1964), and other studies
have called for their inclusion (e.g.Schiede,1968), but
for most map producers extra expense and effort would be
involved in procuring the appropriate information. . Clear
depiction of built-up areas may be considered to be an
acceptable substitute. ' '

Once realistic criteria for classification have been
determined, there are still choices to be made with
respect to representation. The special need, according to
Aurada (reported by Schiede,1968) and Connal (1983), is
for the portrayal of the road hierarchy in a graded'
sequence of colours and line widths, so that the driver
can clearly see which roads are potentially the fastest,
whilst at the same time maintaining an appropriate visual

balance between the classes.

2.4 THE REPRESENTATION OF THE ROAD CLASSIFICATION

2.4.1 Practice

According to Bonacker (Schiede,1968,p.164 transl.)
'the creative spirit looks for map symbols to endow the
main roads with conspicuousness in the map image, and take
the road map to a higher level of development.' The

humble tools for such a lofty endeavour are the variations
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in line width, colour and composition used to depict
different line classes, and the colour of the background.
In order to maintain sufficient contrast with the
background, fully-saturated colours are generally used in
preference to thin screened lines. However, red and black
lines are occasionally shown screened, and screened line
fillings, where contrast with the background is maintained
by the casings, are fairly common, sometimes alongside
other classes depicted by solid versions of the same ink.
This can lead to problems in discriminating between the
two, especially where

1) the parent colour is not particularly strong (e.g.
reddish brown on Reader's Digest/AA,1986), or

2) the product is overinked in printing, as on several
pages of a print run of the Shell Road Atlas of Great
Britain (George Philip,1983), where single carriageway
primary routes (screened red) are barely distinguishable

from the dual versions (solid red).

Financial constraints may restrict the total number
and choice of colours which can be used across the whole
map. Process colours may be a viable alternative, and are
necessary if the map cover is integral with the rest of
the map and includes a colour photograph printed in
half-tone. A drawback of process colours however is that
any colour other than the three primaries and black has to
be created by combination (overprinting). Thus if the
register is not particularly good, the sharpness of the
line might be lost and the perceived colour may alter,
especially for fine uncased lines with screened
combinations. Consequently these are often avoided,
although the Ordnance Survey have made up a 0.2 mm brown
line reasonably successfully for the portrayal of
B/'unclassified' roads on the 1:625,000 Routeplanner.

One colour convention that seems to be fairly
well-established worldwide across many different cultures

is the use of red to represent major roads, often as a
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bright infill between black casings. Hopkin and Taylor
(1979) consider that while red has no particular semantic
associations with good roads, it may well be the most
sensible colour for the purpose. Dark casing lines
themselves are commonly utilised, presumably because they
provide extra edge contrast and an added dimension of
variation for the symbol. In a study by the Consumers'
Association (1983a) it was considered that casings, with
or without a filling, enable roadljunctions to be shown
more clearly than those where minor roads are depicted by
a thin uncased line. Casings also reduce the possibility
of confusion between roads and boundaries of area
features, but cause a certain amount of extra visual
clutter. A further consideration in designing a line is
ease of revision. It may be considered most practical to
use cased lines and vary the class symbols primarily by
filling colour, as if the class of a particular road
section should change, it is easier to revise (on the
masks) than if a change in width (requiring rescribing or
redrawing) were required. However, for the addition of a
new or realigned road, less work is required with uncased

lines.

A survey of the literature reveals some interesting
points about the representation of road series. 1In North
America, various people have commented on or investigated
the remarkable lack of standardisation between road
symbols on road maps, even those prepared by the same
companies. Schultz (1963) reported that the official road
maps of each of 11 states on a roundabout journey from
Florida to North Dakota used. completely different symbols
for Interstate Highways, involving 5 different casing
colours, 5 filling colours and 3 configurations (uncased,
cased and cased with a centre line). An attempt to remedy
the situation by the American Association of State Highway
Officials, who issued a standard specification for
official state road maps (AASHO,1962) was unsuccessful as

the overwhelming majority of states did not adopt it. 1In
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mid-1970s a thick red line still had 13 different meanings
on U.S. state maps (Ward,1977). 1Including the equivalent
Canadian maps, the number of road classes represented
varied immensely from 4 to 24 (Anderson,1977). Anderson
called for a reduction in the number of classes on these
maps and the standardisation of the symbols in order to

correlate with the more standardised road signs.

Despite this diversity, certain trends in the use of
colours can be detected. Anderson (1975) looked at 80
different North American road maps and discovered that the
range of colours used for the top three classes on each

map were as follows:

Class 1 Class 2 Class 3
Red 57 47 46
Green 17 : 12 7
Yellow 3 11 7
Black 1 5 16
Blue 1 3 2
Orange 1 2 2
Total 80 80 80

Red is clearly the most commonly used colour. However, as
it is also used extensively to represent tourist
‘information, the relative importance of road classes and
tourist symbols is often not clear (Anderson,1977). The
most common colours for the bottom class (not tabulated)
are grey, black and blue (Anderson,1977; Connal,1983). As
these minor roads are rarely numbered or labelled, blue
ones could certainly be confused with drainage features
where these are also shown in blue. Anderson also found
that, contrary to the opinion of some road map publishers
(A.Morrison,1966), most users (>80%) claimed to have
consulted the key. This is perhaps not surprising given
the diversity of symbol meanings. Despite this, Voisin
(1976) has also suggested that the average American, whose

overall map reading is poor, can generally pick out
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specific road classes fairly easily, because of his
familiarity with road maps in general (about 5,000 million
had been issued free by o0il companies in the U.S.A. up to
the mid-1960s).

Maps produced in continental Wéstern Europe are
somewhat more standardised in design, with a yellow line
with thick red casings being the most common symbol for
motorways (Consumers' Association;l983a), and usually a
decline in cblour strength through the series (e.g. red,
yellow, gréy). Several European producers have described
the process of design and/or production of their road
maps, most-notably Michelin (Bourdon-Michelin,1952;
Michelin,1963), who have been experimenting continually
with different symbol designs since they produced their
first road map in 1910. Their road classification is
3-dimensional, with arteriality, road width (based on the
ease of passing and overtaking other vehicles) and
hilliness all symbolised. Their colour specifications are
tested under different lighting conditions in the
laboratory and in the field, with line symbols checked for
their distinctiveneSS‘in a moving car. Even a relatively
generous specification of 8 printing colours is a
constraining factor in colour choice. Experiments were
conducted in the 1950s with orange as an intermediate road
infill between red (main roads) and yellow (other tarred
roads), but the idea was dropped as it would have
necessitated the compensatory loss of a grey, and the
currently¥used red-yellow-unfilled progression for the

1:200,000 series was adopted.:

Castiglioni (1961) described various maps produced by
the Touring Club Italiano which provide an interesting
example of the use of colour to promote legibility and
visual hiefarchy. Base .information was clearly
subordinated graphically in order to maximise the
legibility of the road network. On the 1:200,000 series,
roads were depicted in 'active' colours- red, green and
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yellow- a choice owing more to the 'intensity obtained in
a harmonious accord' rather than 'violent contrasts.' On
a new edition 'the most saturated colours' (red and
orange) indicated touristic importance, while road width
was represented by symbol width, untarred roads were shown
by interrupting the filling colour, and a green band
adjacent to the symbol was used for scenic roads, as on
the Michelin maps. On the l:SO0,0pO series, the spectral
(green-yellow-brown) hypsometric tints were changed to
'cold', weakly chromatic greys to facilitate the
'energetic detachment' of the red and orange main road

network.

On the Shell-Mair maps at scales of 1:500,000 and
smaller (Mair,1963), the administrative classification was
abandoned, and a new top category of 'fast roads' was
introduced and marked in violet. 1In Germany this was so
successful in attracting new traffic that in some
instances the roads ceased to be fast; the classification
was revised downwards, the traffic level dropped, and
traffic speeds increased again. This points to

1) a very high market penetration of this one particular
map, and

2) the dangers of depicting a single class too
prominently relative to the others, creating a visual
discontinuity in the line symbol series.

The classifiction (and symbol) have nevertheless been
retained on some more recent maps of other contries
(e.g.Mair,1981). Mair himself (in Schiede,1968) also
suggested that roads with high levels of traffic should be
shown in a striking colour to encourage people to avoid
them, with relief roads with surplus capacity marked in
order to spread the traffic load more equally across the
road network. This would be of special use at peak
periods when drivers are urged to take alternative routes.

However, he'notes that great care must be taken in
determining the balance of visual weight between the road

types.
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A few other road classifications on overseas maps are
described in. the literature. Stams' (1964) review of
Eastern European road atlases found a great diversity of
both the grounds of classification and its presentation.
The latter differed from the Western European and North
American models mainly because of the paucity of colours
employed, possibly for economic reasons. Several used
only variations in width, or width and casing state,
within one colour. The Road Map of Finland GT
(Niemeld,1979) used a graphically 2-dimensional system by
depicting

1) the roads' administrative status by the colour of the
filling and the road number markers (red with red numbers,
red with black numbers, orange, grey)

2) road width/ numbér of lanes by symbol thickness,
including a solid or dashed centre line and/or casing.

Finally, Igbozurike's (1974) suggested specification for
the Africa road map used a classification based on road
quality (number of carriageways and surface type)
represented by 2 widths and 4 fairly similar colours (dark
red, light red, orange and brown). Overall it can be seen
that the long wavelength end of the spectrum is clearly
favoured for road symbol colours in many places.

In Great Britain the classification criteria are
normally based upon Départment of Transport classes, and
this has encouraged more uniformity in their manner of
presentation. This standardisation is largely due to the
fragmented state of the road map market: individual
producers cannot afford to undertake their own extensive
surveys, unlike the large foreign companies, and are
mostly reliant upon Ordnance Survey (0.S.) mapping and
their own consultations with relevant (public)
authorities. For example, variations in road width have
generally played a minor role in classifications, except
on maps specifically designed'to show them
(Geographia,1980): the single track A and B roads in
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Scotland and dual carfiageways distinguished by the 0.8.
are generally about the limit, and the latter have only

become common over the last 15 years.

In terms of representation, there has been a distinct
historical evolution, starting with the earliest colour
printed road maps- the cycling maps of the late 19th
century~- where the 'best roads' were often coloured red
(occasionally brown or yellow) while all other detail was
in black (Nicholson,1983). The most influential scheme
for many years was introduced onto the 0.S. 4th series
l-inch maps in 1918, with thin black casings and red,
brown, yellow and white fillings. As the road system
developed and traffic levels increased, this was later
extended by the addition of thicker casings for dual
carriageways and pecked fillings for single track A and B
roads in Scotland. 1In the last 20 years, standardisation
of colouring has increased further with the adoption of a
blue code for motorways and green for primary routes in
line with signposting, to the extent that every widely
available specialised road map now incorporates these
conventions, either in the colour of the lines, road

number markers or names of primary route destinations.

The designs of the 0.S. quarter-inch/1:250,000 and
tenth-inch/1:625,000 maps have gradually become more
specialised since the days when they were designed as
general purpose maps but used mainly as road maps. On the
5th series quarter-inch, line widths were increased (and
alignments consequently further generalised) to make the
road symbols more prominent, with the embryonic motorway
network depicted by even thicker red lines (Griffith and
Kelly,1965). After metrication, the series became known
as the 'Routemaster', and the 1:625,000 map became the
'Route Planning Map' and later the 'Routeplanner',
undergoing major design changes which induced mixed
reactions from reviewers. Motofways and Primary Routes
were changed to blue and green respectively, so that only
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the 'other A roads' were still marked in red. All three
classes shared the same line width. According to
A.Morrison (1979b), this represented a reversal of the
order of their conspicuity (red, green, blue) making it
difficult for the user to decide which were the best
roads. The use of blue for motorways still continues to
attract criticism (e;g.Dixon,1986) now that it is a
well-established convention. Process printing was also
introduced, so that the green Primary Routes were created
by overprinting and the built-up areas were represented in
a stronger solid yellow. This led to a further design
change on the 1980 map (A.Morrison,1980b) where
overprinting was avoided for the major roads by the use of
process primaries- cyan for the wider motorway symbol and
magenta for ‘A roads, with the Primary Routes almost
imperceptibly wider than the 'other A roads'. According
to one reviewer (Dixon,1986) this design lacks clarity
because of a lack of distinction between the magenta and
brown (minor) roads, and the introduction of a pale yellow

background.

Some articles on non-official road maps also deserve
mention. Gatrell (1966) described his design for the
Mobil map series. He explained that he chose triple red
lines (thick casings and a thin centre line) with solid
yellow infill for motorways, so that they would be the
most visually prominent feature of the road network. The
next category, trunk roads, were red within a black
casing, these two colours being necessarily part of the
4-colour specification as the Mobil logo had to be
reproduced on the cover of each map. The uncased red line
for A roads reflected its relative importance and obviated
the need for the tedious and time-consuming retouching of
junctions that would be necessary if scribed cased lines
were used. Reference was also made to a 'Which?' report
which had found the colours to be unsuitable for night
use, presumably because of their similarity with each

other and with the amber hue of sodium street lighting.
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Goldring's (1978) review of the development of Esso
road maps in Britain makes the following points about
colour (p.71):

'Colour is of more fundamental importance than the
casual map-reader might realise. Without his being fully
aware of it, it contributes a great deal to his
understanding of the map he is using. Different colours
are used to separate important information that every user
wants, such as roads and towns, from details which are
only occasionally required. Immediate information is
printed in black and red, colours which catch the eye
quickly. Background information, not essential in
planning a route, like rivers and forests, is printed in
blue and green, more recessive colours. Strong, solid
blue for motorways breaks this rule: in this case the blue

relates to the colour of the motorway signs.'

He also noted the use of single, uncased lines for
most road types for ease of revision, and what he claimed
was map-makers' obsession with the whiteness of paper,
given the necessity of a white background to maximise the
clarity of the map. Thake (1979) disagrées, commenting
that in the design of the Automobile Association (AA) road
maps, background layer colouring is useful to offset the
dominant visual influence of the road network. In fact,
much of the diversity of colour specifications of British
road maps comes in the background colour, which varies
between maps according to producers' assessments of the
usefulness and attractiveness of areal information on
relief, scenic areas and woodland, and its effect on map
clarity. The inclusion of such information often varies
between differently packaged and marketed versions of the
same map.

An interesting example of an integrated programme of
market research, design and evaluation for a route

planning map is provided by Andrew Holmes' design of the
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Central London Bus Map (Braidwood,1981; LPTRG,1985). One
of its features was the colour coding of routes into four
categories according to their cardinal direction using
maximally contrasting colours (blueﬁ red, green and black)
for clear distinction even under sodium lighting.

However, research showed that the significance of the
colours was not understood by map users, who generally
ignored the compass-sign key, although it was useful as an
elimination factor, as the numbetrs of the bus routes were
printed in their respective colours. The green colour was
eventually changed to maroon to avoid confusion with the

'Green Line' bus services.

In summary, it seems that with the variety of
different colours used for road classes, even within one
country, no associated convention is as sacrosanct or as
basic to map reading as for example blue=sea. The only
one that appears to be almost universal, and violated in
many other designs only by the addition of
recently-constructed high-speed roads, is red= major
roads, implying that the colour has some innate advantage.

2.4.2 Preference

Road map users have occasionally been asked to
evaluate different map products, either by planning routes
on them or just inspecting them. In most cases, the
criterion used to evaluate them is people's subjective
., impression of the clarity and ease of use of the maps.

The Consumers' Association have conducted several surveys
in this vein (1963,1971,1979,1983b). The first three
involved a small panel of motorists, but in the most
recent test 63 drivers were each asked to choose routes on
four different maps. The most general conclusion that can
be drawn from these surveys is that maps where the road
classes are very distinct and difficult to confuse are
generally preferred. Special complaints were made about
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the monotony of the smaller scale maps in the 1971 tests.
An interesting effect df background colour was observed in
1963 on the 'Auto-mapic' atlas, which showed some A roads
in red and others in green and used varying background
colours, with the result that the green roads appeared to
be the more prominent in East Anglia, while the red roads

stood out in Cornwall.

In 1983, distinct and saturated line colours were
again preferred to the 'anaemic' colouring of the Reader's
Digest/AA New Book of the Road, on which the slight
difference in casing width to distinguish between single
and dual carriageways was considered to be very unclear.
Complaints were made about the 'unfamiliar' colouring of
roads on the 0.S. Motoring Atlas, a bad example of process
printing where the magenta A roads appeared to be a very.
weak almost violet colour, and were considered to be
'difficult to follow.' The Collins Road Atlas, utilising
Gatrell's Mobil design, was considered to 'bring the main
roads to life well', but the less distinct line colours
were 'unfamiliar and unpopular', and detail was obscured
in urban areas by the dark grey built-up area symbol. It
is interesting that designs without green primary routes
and blue motorways are now considered to be unfamiliar.

Carpenter (1979) found that the most commonly-used
maps by her interviewees were those published by Esso,
B.P. and Shell, which were preferred as they were
considered to be 'clear and easy to use.' Sheppard and
Adams (1971) conducted a comparative test of the 0.8S.
quarter-inch map and one of the same scale produced in
1969 by George Philip for the Shell Touring Service. The
0.S. map had layer colouring while the Philip map had a
white background and generally more prominent road symbols
and place names. While A roads on both were red, Philip
also had trunk roads printed in a contrasting colour
(blue). 128 male vehicle-owners were asked, as an open
question, which map they preferred and why. Interestingly
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almost all the subjects (96% overall), including those who
preferred the 0.S. map, thought that showing trunk roads
in a different colour from other main roads was a help,
although it is not known what they understood by the word

'trunk'.

Of the 83 (65%) who preferred the Philip map, 41%
mentioned that the roads were clearer and 23% said that
they preferred the white background. Of the 34 (44%)
preferring the 0.S. map, only 9% said that the roads were
clearer on it, and the main reason for preference was the
better idea of the countryside given by the relief
information (52%). 1In general there is an interesting
correlation with the model of required information
presented in section 2.2. Overall the pro-Philip group
expressed a preference for a less detailed map with the
'basic' road and place information clearer and the main
roads more obvious, as if their normal use of maps was for
fastest-route planning. The pro-0.S. group preferred more
detail of terrain, minor roads and villages, as if théy
normally used maps in more leisurely circumstances. Other
studies have also found this sub-group who prefer an

'information-rich' map.

A.Morrison's (1974) tests included questions on
subjects' preferences with four different designs of speed
map, assessed in terms of how confusing and how pleasing
the colour schemes were perceived to be. Maps with
colours ranging widely across the spectrum were generally
considered to be less pleasant, although no problems were
mentioned in distinguishing between them. Overall the
red, orange, yellow, grey, black scheme (the first four
colours having a black casing) was preferred, and
green-cased yelléw, green, orange, dgrey, black (black
casings on the middle three) was disliked.

Overall, it would seem that with respect to user
preferences, the most important design criterion is that
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the symbols for the road classes are clearly and
immediately distinguishable, although on speed maps, where
the colour (i.e.class) often changes along a stretch of

road, colour harmony may also be important.

2.4.3 Performance

More objective performance-baséd evaluation of road
maps 1s not without precedent: a few investigations have
compared road map designs in terms of the routes chosen by
their users. The normal method used is to ask half the
sample to choose a route on one map, and the other half to
choose a route between the same places on another map of
the same scale but of a different design. The routes
chosen can be compared in two ways:

1) the difference between the actual roads used by the
two groups. This is shown most clearly by synoptic pairs
of flow-line maps, and is more difficult to analyse by
formal statistical methods.

2) the difference in some overall measure such as

average distance or time.

In Carpenter's (1979) study, the 39 subjects were
shown maps either from the AA (19) or RAC (20) handbooks.
These were in fact fairly similar in design, the main
differences being that on the RAC map relief was shown,
urban areas were paler and fewer place names were marked.
Subjects were asked to plan a route from Burton-on-Trent
to Scunthorpe as if they were going to a wedding and had
plenty of time, and whether they would change the route if
they were in a hurry (only four would). This particular
journey was selected as it required the subject to choose
whether or not to use the motorway and whether to by-pass
or go through certain towns. Altogether 28 different
routes were selected. The routes chosen on the AA map
were slightly less diverse with more use of the motorway.
Carpenter attributed this to its more detailed and
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cluttered appearance encouraging people to take the more
straightforward (and slightly further) motorway route.
Thus the average distance of the AA routes (95.4 miles)
was nearly 3% further than that of the RAC (92.7 miles);
overall the longest route chosen was more than 35% longer
than the shortest. Carpenter concluded that the map used
for route planning could be an important factor in route
selection, and called for a larger scale survey.

Sheppard and Adams (1971) also asked their subjects to
choose the route(s) between Stanhope and Hexham in
Northumberland that they would take in fine weather and
with snow falling. The quality of the routes was not
evaluated statistically. However in snowy conditions, the
difference between the routes selected from the 0.S. and
Philip maps was almost entirely explained by the
representation of relief on the 0.S. map. 1In fine
weather, the only4big difference was between Edmundbyers
and Hexham, where Philip users tended to take the B road
via Blanchland, while most of the 0.S. users headed for
the slightly less direct route on the A68. Unfortunately,
Sheppard and Adams do not relate this difference back to
the map symbology, so it is not possible to determine its

cause(s).

The most comprehensive survey of the effect of map
design on route choice was undertaken by A.Morrison
(1974), the main purpose being to determine the relative
effectiveness of 'conventional' and speed-based road
classifications (i.e. different information represented by
the same line symbol series). However, 36 subjects were
each shown a set of maps with six different symbol series.

The specific objective in each case was to reach the
destination 'as soon as possible', and the routes were
evaluated by the time they would take to drive according
to data from Morrison's own speed surveys. The aim of the
symbol series design was to ofder colours in terms of
their 'psychological impact', utilising part-spectral
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sequences (e.g. red, orange, yellow) and particular colour
associations such as green= go/fast, and black= town/slow
(A.Morrison,1971). In two of the schemes the speed data

were depicted by line width rather than colour.

The results showed no statistically significant
differences between the schemes in terms of performance,
although the two series based on red, orange, yellow,
black performed the best. Morrison concluded (1974,p.108)
that 'it merely shows that all the schemes considered
worth testing were reasonably sensible. One might also
conclude that individuals are quite flexible in their
ability to assign meaning to colours.' An interesting
observation was that the performance of the better schemes
was made significantly worse by the presence of a key.
Morrison interpreted this as an indication that the
schemes were self-explanatory, and the complex key may
have confused. The key had little effect on the more
familiar 'conventional' maps. Another interesting point
is that the red, orange, yellow, grey, black scheme which
performed the'best was also the most preferred.

Otherwise, unfortunately, the literature can provide no
specific guidance as to whether people perform route

choice tasks better on maps which they prefer.

Clearly map design does affect route choice. However,
it has not yet been demonstrated that differences in line
symbology alone, between two maps using the same road
classification and ofhotherwise comparable design, can
have significant effects on the quality of routes chosen.
Consequently, this was investigated in a pilot study
described in chapter 3. It can also be seen from the
above that several problems concerning the representation
of road classifications remain to be studied. What are
the causes of the relative 'psychological impact' of
colours, and how important is the influence of newer
associational (learned) colour ‘conventions which may

conflict with 'visual order'? What is the relative
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significance of variations in the colour, width and
character of line symbols in creating a perceived
hierarchy and influencing route choices?
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3. THE PROCESS OF MAP-BASED ROUTE CHOICE

The vast majority of people intending to drive a
considerable distance over unfamiliar roads use a map to
help them plan a route. In surveys thch have been
conducted on representative samples of British motorists,
the figure varies from 86% (Gray and Russell,1962) to 95%
(Sheppard and Adams,1971), with the remainder either
relying on routes supplied by mototring organisations
and/or personal advice, or not planning a route in advance
at all. In a study by Connal (1983) in Canada, the
map-using proportion was nearly 97%, while in the U.S.A.
(according to Janssen,1975) practically 100% of motorists

use road maps when out of their own state.

How are maps used in the process of planning a route?
The first important influence is the kind of route the
user is seeking. For each individual, this may vary with
factors such as the particular purpose of the Jjourney,
whether any time constraints are involved, the overall
length of the trip, the presence of children and the
driver's mood (Carpenter,1979), and with the particular
time at which the journey is to be undertaken. However,
the basic route characteristics sought in a given
situation seem to be that it is either quick, short,
scenic, or easy to follow or drive, or that it avoids
congestion, sticks to particular favoured road classes, or
fulfils any combination of these requirements. 1In some
situations there may effectively be no choice, either
because there is no known alternative to the route being
taken, or, as with some commercial vehicles, the route is
specified by the transport operator (Outram and '
Thompson,1978). People with low spatial ability seem to
be more concerned with finding a simple route with few
turns, and less concerned with avoiding congestion
(Streeter and Vitello,1986). However, in every study of
route planning criteria, whether the information was

derived from questionnaire surveys of inter-urban (Outram
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and Thompson,1978) or intra-urban (Benshoof,1970) travel,
from verbal protocols obtained from in-depth interviews
(Carpenter,1979) or postal questionnaires (Connal,1983),
or even by inference from chosen routes (Outram,1976), the
most commonly-sought objective by far, either singly or in
combination with others, is the minimum time route. It
would seem that in Britain about 75% of routes planned
using maps are selected with this goal in mind
(Morrison,1979a), a proportion that does not vary
significantly with age, sex, social class, education or
mileage driven, the only deviant group being drivers of
road goods vehicles, who seek the minimum time route on

95% of occasions.

The problem with trying to satisfy a minimum time
criterion from a map is that journey times are rarely
shown on road maps (Michelin}l985 is a current exception).

Even if a speed-based classification is shown, the map
user must still evaluate the trade-off between shorter
distances and faster roads. For example, in a study by
Streeter and Vitello (1986) individual roads were
generally not selected if using them would make the total
route length >20% more than the straight line distance,
but no information is supplied on relative road speeds.
With short routes '(<6cm map distance) in A.Morrison's
(1974) experiment, subjects actually planned quicker
routes with 'conventional' maps than with speed maps,
implying that they were diverting too much in order to
access the faster roads. Assessment of relative distance
may be a problem in itself, especially where the roads
concerned differ considerably in terms of bendiness.
Numerical indication of distances may be very helpful,
although it is generally only given comprehensively on M
and A roads. With 'conventional' road classifications,
the user must also make his own assessment from the
information available to him, of the relevant road and
traffic conditions which will'constrain his travel speed.

Faced with this problem, many people develop specific
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cognitive strategies through which they can process the
available information to find either the fastest route, or
effectively some compromise between it and the most direct
or easiest to follow. The importance of cognitive
strategies has been noted by Griffin (1983), in stressing
that the map user must be accepted as an ‘active

participant in the process of cartographic communication.

The difficulty for the researcher is accessing these
strategies. Verbal protocols or written reports are used,
but are clearly reliant on the subject being conscious of,
and able to verbalise, his strategy. Carpenter (1979,p.7)
found initially that 'when questioned about route
planning, people answered "We look at a map", and it was
not particularly easy for them to explain how they gained
information from a map, since it seemed such an obvious
process.' The best method found was to ask the subject to
talk through making an actual route choice off a map.
Various specific examples discovered in this way have been
quoted. Sheppard and Adams (1971) reported that in
attempting a cross-country journey in fine weather, most
people would take the most direct route on A and B roads,
i.e, avoiding 'unclassified"roads. Carpenter herself
mentioned that many of the people she-interviewed would
use only A roads and motorways when seeking the minimum
time route, although some might use some lower class roads
as short cuts on longer journeys. A further group looked
for the 'fastest direct' route, which involved neither
major detours to get onto a motorway nor short cuts on
minor roads. Many people prefer to avoid minor roads in
areas they do not know (Streeter and Vitello,1986).
Cognitive strategies may also be based on specific methods
of presentation: for example, people might approach a map
with the preconceived idea of searching for thick blue
lines, which they assume from experience to be motorways.

These strategies may vary considerably in terms of

their detail and the complexity of the information the
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user hopes to glean from the map. Interestingly, 92% of
the drivers interviewed by Gray and Russell (1962)
considered road map reading to be 'easy' or 'fairly easy',
although this could imply that they felt perfectly capable
of accomplishing a relatively complex task, and does not
necessarily mean that they considered it to be simple and
self-evident. Another important user variable, which may
reflect the complexity of his strategy, is the amount of
time he is willing to spend on reading the map
(Castner,1978), and therefore the number of alternative
routes he is willing to consider in a given situation.
This will presumably influence the quality of his route
choice, but is an area about which no information is

currently available.

The route choice itself is the product of the
interface between the user's knowledge and experience, as
embodied in his cognitive strategy, and the perceptual
stimulation of the hap,‘mediated by any other specific
knowledge he has about the area concerned (his cognitive
map). The specific manner in which map information is
processed in route planning has received even less
attention than the processes of memorising and following
routes. Clearly the first requirement is to search on the
map for the origin and destination of the trip. Where
they can both be‘seen simultaneously,. the general method
used by Carpenter's (1979) subjects was to imagine a
straight line (i.e. the shortest distance) between the
origin and the destination, and follow the roads nearest
to that line which met their particular criteria, making a
special effort to avoid apparent bottlenecks. Where the
endpoints are not seen simultaneously because they lie on
different pages of a road atlas, or on different map
sheets where they cannot be fully extended, further
complications arise. In such cases many people appear to
adopt more of a 'satisficing' strategy, planning to the
edge of the page in what they‘perceive to be the general
direction of the destination, and often not replanning the
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route if it becomes somewhat deviant when the destination
is neared (Baitlett,l958), especially as without the
global overview it may not even appear to be deviant.
There is also a tendency, as with some other long
journeys, to plan the route in sections between
intermediate destinations. Armstrong (1977) considers

this to be a significant cause of sub-optimal decisions.

Effectively there exists for each choice a broadly
elliptical 'corridor of possibilities' centred on the
straight line between the endpoints. Where a short route
is sought, the corridor will be much narrower than in
cases where the user is prepared to go well out of his way
to get onto quicker roads. Evidence that people do tend
to set off on the straightest route is provided by map 2
of our own experiment 3 (rear pocket) between points C and
D, where there is a basic choice between a northern route
via Venn and a southern route via West End. For journeys
from C to D, 71% of subjects set off on the northern
route, which points more towards D at the start. However,
when the journey was planned in the reverse direction (D
to C) on the same maps, 80% selected the southern route,
even though it starts off on roads of lower
classification, because again it heads initially in the
better direction. The roads picked up from the origin
will begin almost inevitably to diverge from the overall
straight line, drawing with them the map user's focus of
attention as he traces his possible route. Then, as he
'homes in' on his final goal, the relevant straight lines
are those between decision points along the road and the

destination.

The important queétion is, within that corridor, how
does the representation of the map information influence
the choice of route, and over which of the relevant
presentational variables does the map designer have
effective control? Given two lines of equal length and
directness, what will determine which one is the more
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likely to be selected as the user makes his assessment of
probable road and traffic conditions? Cartographic and
psychological experience suggdests that several factors are
involved (in order of declining controlability):

1) the perception of the road classification through the
perceived importance and continuity of the line symbols,

2) other information on road quality, such as road
numbers, theAextent of built-up areas and gradients,

3) the local density of the road network and the
sinuousity of the line symbols, and

4) various factors over which the cartographer has
little control, such as the directional continuity of a
line, its orientation, position on the page and aspects of

line/network shape.

In the first category, the saliency of the line symbol
is clearly important. For a line to be prominent in a map
image, it must be able to catch the eye, emerge visually
from its context, and carry a relatively strong magnitude
implication. In these respects, line width, colour,
character and contrast with the background are crucial,
and their perceptual and cognitive effects are examined in
detail from chapter 4 onwards. Continuity cues (discussed
in section 4.5) enable the decoding of the road
classification without reference to the key, by examining
which lines take precedence at cross-roads (occlusion) at
least. Also, as mentioned above, on maps where the road
classification is administratively based, higher classes
tend to occur in longer uninterrupted stretches, to which
lower classes are tributaries. Certain classes also have
inherent figural continuity, such as primary routes (or
where these are not distinguished, A roads in general)
which together form a linked network that constitutes a
clearly recognisible level of structure. In such cases,
users can attend selectively to this structure at the cost
of slower utilisation of other levels (Kinchla et
al.,1983) such that a common cause of poor routes selected

from 'conventional' maps might be too little use of the
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non-primary network. In classifications which incorpbrate
aspects of road quality (and not just direct
representation of likely travel speeds) this continuity
will often be reduced, as class may change froem section to
section along the same administratively-defined road (e.qg.
from single to dual carriageway) such that continuity
becomes a less useful cue, and symbol prominence becomes

more important.

The map designer also has potential control over the
representation of other relevant information. The
influence of road numbers may be affected by their
prominence, which can be varied by the colour, size and
weight of thé characters, and by their inclusion in
outline or solid boxes. These often straddle the line
symbol and can disrupt its perceived continuity. With
administrative classifications, the redundant Department
of Transport (D.Tp) prefix letters are sometimes excluded,
which tends to deemphasize somewhat the basis for the
classification. 1In order to give an appropriate weighting
to the significance of built-up areas as places to avoid
in fastest-route planning, the depiction of their extent
in a prominent colour (without detriment to the legibility
of the urban road network) may also act as an effective
repellent. Some map users may attempt to avoid areas with
a dense road network (as likely concentrations of
congestion and delaying and disorientating road junctions)
and the more apparéntly sinuous roads. At smaller scales,
the cartographer can exert a certain amount of control
here through generalisation, by retaining extra minor road
detail in congested areas and stressing the relative
bendiness of roads.

However, the factors over which the cartographer has
no real control may also have a considerable influence
upon route choice. The directional, or angular,
continuity of a road may be important, because in any

human spatial behaviour, people appear to continue along
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the line of least resistance for as long as possible,
delaying turns until they are absolutely necessary.
Aspects of position, orientation and configuration (e.g.
an unusual or interesting spatial arrangement) of
particular lines may also affect their attention value.
For example, items in the upper left quarter of a field of
view are more likely to attract attention than-those in
the bottom right quarter (Woodworth and Schlosberg,1955).
For the remainder of this thesis, however, attention will
be concentrated on the first two categories where the
potential'influence of map design is greatest.

Eventually a route is chosen. It must then be
recorded in some way to enable recall when it is being
followed. Sometimes it is marked onto the map, but more
commonly it is either memorised or transcribed into a
route list of intermediate destinations and/or road
numbers that should appear on the road signs on the way.
Surveys indicate that up to 50% of drivers/ navigators use
route lists, generally compiled from their own maps
(Astley,1969; Carpenter,1979), although Connal's (1983)
figure for Canadian drivers is lower (28%). The content
of the lists is fairly evenly divided between place names,
road numbers and both (Gray and Russell,1962;
Carpenter,1979). Clearly major roads (in an
administrative sense) and major settlements provide the
simplest and most certain cues, so listed routes are often
likely to be more a compromise with an easy-to-follow
route than strictly the fastest, with short cuts and
cross—-country alternatives generally being eschewed. The
route list can either act as a direct navigational prompt
for the driver (and/or navigator) to correlate with road
signs, or as a source for memorising the sequence of
operations to be undertaken. This is easier to do from
verbal instructions than from map images given the
inherently linear (sequential) rather than spatial
(2-dimensional) nature of the task (Wetherell, 1984).
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This is not to say, however, that the map is of no use
in the car. Irrespective of the navigational cues it can
provide (which are not the present concern) there are many
occasions where route planning is undertaken en route,
either because of a change of plan or as a response to
external circumstances such as unexpected road works,
weather or traffic conditions, or 1losing the way. (In
Gray and Russell's (1962) survey, 36% of drivers admitted
to sometimes losing their way, in¢luding 4% who did so on
most journeys over unfamiliar roads.) Maps are used in
the car on about 75% of long journeys over unfamiliar
roads (Morrison,1979a). About one half of drivers would
have a navigator with them in such circumstances. Of the
remainder, Jjust under half would attempt to glance at the
map whilst moving (Morrison,1979a; Connal,1983) while 66%
of Connal's sample would sometimes stop and look at the
map. Some in-car decisions‘clearly have to be taken on
the spur of the moment, where the ability of the map
design to elicit a fast and accurate response is most
severely tested, and is potentially critical for road
safety (where the driver is dividing his attention between
map and road).

An important side effect which would hopefully
materialise from improved route planning maps is the
increased confidence of the driver/ navigator in his own
route selection, so that he would be less likely to be
deflected by conflicting signposts. However well the
route is planned, the resource savings will not be fully
realised if it is not properly followed.

3.1 Visual Information Processing in Map-Based Route
Planning

A model of the visual information processing system as
applied to the process of route planning is presented in
figure 3.1. The boxes are not intended to represent the
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physical locations of activities within the eye-brain
complex, but simply describe stages of processing, each of
which takes time and has a limited capacity. A useful
distinction can be drawn between the early perceptual
(low-level) processes, which are performed spontaneously
and are unavailable to consciousness, and the later
cognitive (high-level) processes, which involve a
conscious effort of mind in the scrutiny of display
elements, and the application of the map reader's own
knowledge (Castner,1978). However, even this distinction
is flexible, as cognitive skills can become perceptual
(i.e. effectively automatic) by frequent rehearsal.

As Dobson (l979b) has stated, it is a fundamental
assumption of map design research that changes in design
can attract the reader's attention and allow the
cartographer to orchestrate the map reading process. If
this is the case, it is in the perceptual processes that
he has the most immediate control. Phillips (1984) has
argued that in all the studies which have found a large
effect of map design on subject performance, the main
differences occur at the lower levels of processing where
the information load on the system is greatest, and the
brain must progressively reduce, structure and sample a
huge amount of raw-data. The operation of these stages
appears to be largely innate as it varies little between
individuals (except those with physiological anomalies
such as defective colour vision) and is minimally affected
by subject factors such as age, education level and
culture.

On the other hand, map users' experience is not
instantly mahipulable by the map designer, although there
is clearly a slow feedback present as users become '
accustomed to specific map designs and perhaps begin to
improve their performance with them. Behaviour at this
level is learned and potentialiy modifiable (Keates,1962).

In the higher levels of processing, variations between
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Figure 3.1 Visual Information Processing in Map-Based
Route Planning
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individuals.also become far more marked, not only because
of the uniqueness of their experiences (so that factors
such as age, education and culture may exert an influence)
but also because of variations in their 'visual memory
ability', or capacity to retain spatial information, which
appears not to be improvable through training, and limits
the performance of spatial tasks (Thorndyke and
Stasz,1980). The more complex the task and the stimulus,
and the longer the user looks at the map, the greater the
relative importance oﬁ cognitive processing (Castner,1978;
Eastman and Castner,1983), and consequently the greater
the importance in experiments of obtaining a

representative sample of users.

Following through the model, control of the focus of
attention is clearly a critical stage in terms of map
design, as the scarcity of further processing resources,
owing to the small size of the high-acuity fovea, imposes
a severe constriction on information load, with objects
selected if their appearance suggests they are worthy of
further inspection and likely to yield useful information
(Castner,1978; Dobson;1981). This selection, effected by
the guidance of fixations, is sensitive to both cognitive
factors- the purpose of viewing the map (motivation) and
prior information held by the user (expectancy)- and the
perceptual attraction of display elements in the visual
periphery (Yarbus,1967; Dobson,1979b), modulating between
the two influences, according to the content of the
cognitive strateqgy, in a form of 'intelligent scanning'
(Dobson,1979b). It might be expected that the perceptual
influence (conspicuity) would be strongest amongst

individuals with the least developed cognitive strategies.

In subsequent processing, symbols are interpreted and
evaluated with reference to the individual's knowledge of
the area concerned (spatial), the meaning of the map
symbols (semantic), and his cognitive strategy of how to

use the map information to realise his route choice
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criteria, and he will reinterrogate the map until a
satisfactory conclusion is reached. The resulting route
choice is either memorised, recorded or both, and if it is
then followed by the route planner, adds to his

experience.

3.1.1 Conspicuity

For the map designer, conspicuity merits special
consideration. There is firstly some confusion in the
literature about the meaning of the term. Easterby
(1980,1984) has clarified the distinction between

-'visibility', or 'legibility', the ease with which
elements can be detected and discriminated from each
other, and

-'conspicuity', the relative emphasis of visual
messages, or the ease with which they are detected in the
presence of competing information. 1In other words,
conspicuity is relative visibility, scaled across the

visual field, or a kind of signal-to-noise ratio.

However, Easterby's definitions ignore the basis for
this distinction, namely the process of attention. Engel
(1971) defines visibility as the extent to which an object
can be seen while attention is directed towards it and it
is in the principal area of focus, whereas conspicuity is
'that combination of properties of a visible object within
its surroundings, by which the attention of the subject is
attracted via the visual system' (Engel,1969,p.90), and is
consequently the more primitive phenomenon. In terms of
map-based route choices, it might consequently be said
that conspicuity is the more important property with
respect to an overall route catching the eye, whereas
visibility would relate more to specific choices made in
tracing the route where the prominence of the symbols is
important. .
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Thus conspicuity is the 'external determiner' of
attention (Engel,l969), induéing involuntary eye movements
and attention shifts by a spontaneous perceptual process
which cognitive schemas are too slow to suppress
(Engel,1977). 1In this way, objects are 'acquired' from
peripheral vision for fixation by foveal vision, which
enables them to be processed to the level of
identification (L.G.Williams,1967a; Dobson,1983c). A
conspicuous object is easily noticed in its context and
can be found quickly (Engel,1971). Obviously the visual
emphasis of objects is relative in any given view. The
locus of selective attention can only be directed towards
a small part of the visual field at any one time;
consequently only a very small proportion of the features

we see are actually noticed (Engel,1971).

The pattern of attention allocation is particularly
important in the reading of graphical displays: in text
reading the location of fixations is largely internally
determined by knowledge of the specific linear arrangement
of the stimuli (i.e. left to right and down the page for
English) and peripheral vision is barely used
(Dobson,1979a; Phillips,1981), but it is virtually
impossible to read a map without peripheral vision
(Phillips,1984), as the conspicuity of the objects
structures visual search (Engel,1977). According to
~ Woodworth and Schlosberg (1955), the size, intensity,
colour and motion of the stimulus are all external
determiners of attention which determine its conspicuity.
Other important influences are the density of items in the
display, and the location of the stimulus in the visual
field (Dobson,1981): a peripheral stimulus will not
normally be able to compete successfully for attention if
a similar one is present nearer the point of fixation, or
if it is further out than about 12° of visual angle
(Phillips,1981).

Conspicuity is very much related to concepts of
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graphical dominance and visual hierarchy (Dobson,1979b),
and has often been discussed on maps under the guise of
other highly interrelated terms such as contrast and the
figure-ground relationship (Dobson,1983c). The operation
of stimulus variables in the creation of conspicuous lines
is discussed in the succeeding chapters.

3.2 Map Design and Route Choice: A Pilot Study

A pilot study was set up with the aim of discovering
whether differences between maps in terms of graphic
design alone could create significant differences in the
routes chosen from them. It was also hoped

1) to obtain a. fairly detailed picture of the way people
use map information in route selection,

2) to isolate the proportion of the variation in chosen
routes over which the cartographer can exert an influence,
and

3) to gain an impression of the relative significance of
the design variables. This information would be a useful
guide in setting up the subsequent main series of

experiments.

Thus it was important that the experiment should
involve the making of route choices from maps, both in
order that the chosen routes could be assessed and,
following Carpenter (1979), to act as a catalyst for
subjects to comment in some depth about their methods of
route choice. To this end, fairly detailed interviews
were carried out (average duration 15-20 minutes) in
relaxed circumstances, using four pairs of existing
published maps. The subject was asked to choose the
minimum-time route between a pre-marked origin and
destination on one of the maps from each pair. Four
routes per interview was considered to be feasible without
making undue demands on individuals' time or introducing

experimental fatigue. For each pair of maps, half the
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sample saw one while the remaining half were shown the
other. People were interviewed in their normal work
environment. This was a less pressured and more realistic
location and atmosphere for pre-journey route planning
than would prevail in on-street interviews, as the
individual was not in a hurry to get away, and was able to

take as long as he normally would over route selection.

32 volunteers, 22 males and lO‘females, acted as
subjects. They were all postgraduates or final year
undergraduates in the Geography Department at the
University of Glasgow who were drivers and/or navigators.
At this stage external validity (cf. section 7.1) was not
sought. It was more important to have a relatively
homogenous sample in order to isolate the effects of the
target variables by reducing the variance from other known
sources. Use of this sampling frame controlled age (which
ranged from 20 to 32}, level of education and Jjourney
purpose (i.e. nobody drove as part of their work), and
also tended to homogenise levels of experience and
regularity of route planning (2 to 15 times a year with a
mode of 5) and probably spatial ability. It also enabled
relaxed indoor interviews to be carried out in
standardised illumination ('warm white' fluorescent strip
lighting), and allowed the experimenter to reaccess the
subjects after preliminary analysis of the interviews to

check his assessment of their cognitive strategies.

The journeys to be planned were located in parts of
Great Britain remote from Glasgow and likely to be
unfamiliar to the vast majority of the subjects. 1In fact,
no more than two subjects had any significant knowledge of
any of the four areas. The areas varied in terms of the
density of settlement and roads, but each included a
variety of road types- providing a number of realistic
alternative routes. In every case, both ends of the
journey could be viewed simulténeously, the straight line
distance between them varying from 12.9 to 24.9 cm. 1In
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each.pair, the maps were of the same scale and, except in
the case of pair 3, had the same road classification as
far as possible (i.e. excepting the odd error) and were
equally up to date. Consequently the main differences
were not in the road information itself, but in the manner
of its representation by line symbols, and in the
depiction of other relevant information such as road
numbers and settlements.

Pairs 1 and 2 were at the larger 'touring' scales of
1" to 3 miles/1:200,000, and three of the four maps were
from road atlases. 1In recent years this has gradually
become the modal scale and format for British road maps,
with the increasing market penetration of the large format
softback road atlas in particular. Pairs 3 and 4 were at
the smaller, less detailed scales of 1:625,000/ 1" to 10
miles, three of the four maps providing single sheet
coverage of Britain or England and Wales. Pair 3 was
unusual as the maps do not share the same classification,
3B being a map of road travel speeds produced by Alastair
Morrison under contract to the Transport and Road Research
Laboratory. Otherwise the choice of maps was very much
constrained by £he availability of comparable pairs of
published maps, with the unfortunate consequence that
several interesting designs such as the Collins Road
Atlas, with an unusual line symbol series, could not be
incorporated into the experiment. The specifications of

the maps are presented in appendix A.

A self-reporting questionnaire (overleaf) was compiled
to guide the experimenter through the two stages of the
interview. Firstly, personal information was obtained
from the interviewee about such factors as age, colour
vision, frequency of long-distance route planning, the
particular maps he tended to use and the type of route he
generally sought. Then the subject was shown the four
maps in turn, and was asked to select what he considered
to be the minimum time route from the marked origin to the
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PILOT STUDY QUESTIONNAIRE

NUMBER: date:
Location/illumination:

sSex: Status:
Age: Nationality

Normal colour vision?

1. Do you drive?
If YES, how long?
Estimated annual mileage?

own vehicle?

2. Do you ever plan routes or navigate for other drivers?

(If answer to 1 and 2 both NO,

terminate interview.)

3. Roughly how many times a year do you use maps to plan

a route (exc. in towns)?
4. Particular maps used

5. Normal route choice criteria

4 road maps, one route on each,
daylight off-peak conditions
ROUTE 1 Map:

8. Reasons/ comments

ROUTE 2 Map:

9. Reasons:

ROUTE 3 Map:

10. Reasons:

ROUTE 4 . Map:

11. Reasons:
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quickest route (by car),

Key used?:



marked destination in off-peak daylight hours and in the
absence of abnormal weather conditions. He was not shown
the key to the map symbols unless he specifically asked to
see it, although on the speed map (3B), where the key was
prominent, the classification principle was explained to
him if he was unfamiliar with this type of map. He was
then encouraged to comment on his reasons for choosing his
particular route. The interviewer noted the route using a
simple numerical coding system, and used a cassette
recorder to record the verbal protocols, unless the

individual concerned did not wish to be taped.

A simple experimental design was used to determine
which map the subject saw from each pair and the order in
which he saw them. The possible map sequences were
arranged into 4x4 Latin Squares, and for every
odd-numbered 'subject, the order of the maps was changed by
one-step cyclic permutation (Kirk,1968,p.153) while the
even numbered subjects saw the other maps from each pair.
For example, subject 9 was shown (in order) 2A, 1B, 3A and
47A, so consequently subject 10 saw 2B, 1A, 3B and 4B.

Thus the experiment would be balanced after every two
subjects, with equal numbers having viewed each map in
each pair. This was important as at the start it was not
known how many pecple could be persuaded to participate in
the experiment. Overall the design could be used without

repetition for (41!x2) =48 subjects.

3.2.1 The Chosen Routes

The routes chosen in this experiment are shown in
figures 3.2 to 3.5. There is however no single obvious
method for determining the significance of the differences
between the routes chosen from the different maps. It is
possible to look at the whole network of routes chosen
from both maps for each journey, and treat each 1link
within it as a separate category, within which the count
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of the number of people using it on map A is compared with
the equivalent count for map B in a chi-squared test. The
summed chi-squared figure provides an overall measure of
the difference between the routes. Statistical problems
were caused, however, by the fact that several links were
chosen by only one or two subjects, leading to
unacceptably low expected values which necessitated the

merging of categories.

In terms of the map design, the use of different road
classes is more important than the use of individual
links, so an alternative method is to count the number of
links of each road class used on either map, and conduct a
chi-squared test. However, this still takes no account of
the length of each link (which varied from 0.2 to 42.9
Km). Thus the most sophisticated approach was to add up
for each subject the length of route used on each class of
road, and conduct a two-way analysis of variance using
road class and map type as the explanatory variables, so
that the class/map interaction term was the relevant
measure. Even this method has drawbacks, however, in
cases such as map 2, where the route involved a basic
choice between two mutually exclusive options: it was
either mostly on a primary route with no 'other A' roads,
or vice versa. The high variances caused by this
all-or-nothing type of situation in the route length
figures for these classes made it very difficult for the

interaction to be statistically significant.

It was clearly possible to measure the overall
distance for each route (link lengths were measured off 0S
1:50,000 maps), and for pairs 3 and 4 it was also possible
to estimate the time it would take to drive the routes.
This was because in these areas a D.Tp database known as
the Present Year Network File (PYNF) is sufficiently
detailed. PYNF incluaes details of likely travel speeds
(24-hour averages) for the links it covers, and these were

in fact used as the basis for the compilation of the speed
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map 3B. There are however inaccuracies in the data, but
the figures used here have been corrected for obvious
errors.

Journey 1l: Swansea to Carmarthen

Map 1lA: Ordnance Survey Motoring Atlas, 1:190,080
Map 1B: Map Productions RAC South Wales, 1:190,080
Direction of journey: NW

The line symbols for the main road classes on the 0S
Atlas contrast much less with each other than those on the
RAC sheet. M, A and B foads are depicted with a uniform
filling width, and the colour contrast between magenta A
roads and brown B roads is particularly unclear. On this
particular page of the test atlas the brown B4306 appears
to be very dark and perhaps more prominent than the
magenta A48, which is marked as a trunk road only by the
(T) suffix to the road number. B4306 is more direct than
the A48, but has 5 matrked gradients. Thus the basic idea
behind this particular choice of journey was to see how
much this apparent reversal of prominence would affect a
route choice that seems on the RAC map, with its more
hierarchical line symbols (the motorway and the
green/yellow primary route (A48) being particularly
prominent), to be relatively straightforward, especially

once Swansea is left behind.

Overall (see table 3.1 overleaf) the effect of map
design on the distance covered on each road class was
highly statistically significant. The main differences
(figure 3.2) were that on 1A, 3 people chose the B4306 and
4 more considered it, while no user of 1B even mentioned
taking it into account. Those who chose it were attracted
by its straightness (3 mentions) and prominence (2), and
two of them did not even notice the A48. Those who
considered the B4306 but decided against taking it were
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Table 3.1. Aggregate Distances (Km) Covered by Chosen
Routes, by Road Class

MAP 1A % MAP 1B %

Motorway 139.2 21.3 180.0 26.5
Trunk/primary 306.8 47.0 390.7 57.5
Other A dual 16.5 2.5 ¢ 9.9 1.5
Other A single 123.4 18.9 92.3 13.6
B 67.0 10.3 6.1 0.9
Total 652.9 679.0

Mean 40.8 42.4

Between-map differences in:
Link usage by road class (chi?) 7.83, 4 df, n.s.
Distance covered by road class F(4,150)= 4.69, p<0.005

put off by the gradients (4) and discovering its
administrative class from the road number (3). The other
major difference between the maps was the diversity of
routes leaving Swansea on 1B, apparently due to an
eagerness to access the more prominent motorway as quickly
as possible. The only subject who failed to use the
motorway thought it was a river, and was attracted to the
A4070/B4296, incorrectly shown as a primary route. On
each map, half the subjects who considered accessing the
motorway at junction 46 failed to understand the
respective restricted access junction symbols- a white

disc (1lA) and a red disc with arrows (1B).

The clear hierarchical break on 1B between the symbols
for Primary and 'Other A' roads clearly focussed subjects’
attention and routes into the top two classes, and only
four mentioned other routes that they had considered.
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However, thelprominence reversal on 1A disturbed a
significant minority of users, although about half of
these eventually relied upon the D.Tp classification, and
13 people mentioned considered alternatives, compared to 4
on 1B.

Journey 2: Llangoedmor (SN 2046) to near Bronant (SN
6567), Dyfed

Map 2A: Geographers' A-Z Road Atlas, 1:200,000
Map 2B: Shell Road Atlas, 1:200,000
Direction of route: NE

This journey was set in a more rural environment, with
opportunities for short cuts and the use of 'unclassified'
roads. The perception of the road classification is
enhanced here'by a pyramidal hierarchy: in the 'corridor
of possibilities' there is only one primary route, but
there are 5 'other A' roads, 15 B roads and numerous
'unclassified; ones. Consequently, even without the cues
of symbol hierarchy and continuity, an individual line is
clearly less conspicuous the lower its class. The
differences between the symbol series on the two maps are
that on 2A the primary/A/B distinction is made entirely by
filling colour, whereas on 2B the primary route symbol is
wider and the A/B/unclassified distinction is made by
colour alone. While the colour scheme on 2B (pink,
orange, yellow, white, on a white background) is clearly
related to that used on 0S 1:50,000 maps, on 2A (against a
layered background) the primary route is green and 'other

A' roads are in a more chromatic red.
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Table 3.2. Aggregate Distances (Km) Covered by Chosen
Routes, by Road Class

MAP 2A % MAP 2B %
Primary : 288.8 27.7 446.3 44.1
Other A 512.4 49.2 310.9 30.7
B 204.7 19.7 174.9 17.3
Unclassified 11.2%* 1.1 53.7* 5.3
Total 1041.1 1011.2
Mean 65 63

Between-map differences in:
Link usage by road class (chi?) 9.47, 3 df, p<0.05
Distance covered by road class F(3,120)= 2.34, n.s.

* Excluding short sections at either end of the journey
where no choice of road class is available.

While the design-related differences are less
significant than on journey 1, this is partially due to
the aforementioned statistical factors, and it can be
clearly seeﬁ from the above table that in relative terms,
more use was made of the two extreme classes (and less of
the middle ones) on 2B. The basic choice to be made on
this journey was whether to follow the coastal primary
route (A487) and cut inland on B or unclassified roads, or
to take the longer inland route over fairly hilly and
bendy ‘'other' A roads (A475/A485). The A487 was
relatively less favoured on 2A, where of the 7 subjects
who mentioned the relative classification of the two
roads, the 4 who considered the A487 (correctly) to be
more highly classified had all consulted the key, while
the 3 who were of the opposite opinion relied on their
instinct and/or knowledge about the superiority of red.
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Despite the bold A487 road number box, several people were
clearly attracted inland by the red roads, so that overall

the sample was equally divided between the two routes.

However on 2B, where because of the lack of road
number class prefixes the graphical hierarchy might be
expected to be more influential, the wider, reddish A487
was clearly seen to be the major road (10 specific
mentions, compared to none for the A475/A485), and the
only reservation users had about it was the necessity to
cut across on the apparently lowly B4577 (9 mentions).
Some people consequently considered the alternatives of
going 'round the top' on A roads (A487/A485) or cutting
across on fairly direct unclassified roads. Clearly
unclassified roads were relatively favoured on 2B (e.g. at
the start), whereas B roads (B4570/B4578) were used more
as short cuts on 2A, where their relative boldness clearly

carried connotations of quality.

Overall it can be seen that even in a highly
structured network conducive to easy classification
decoding, the graphical representation of the roads has an
effect on route choice. It would seem that on each map
the most significant perceptual breakpoint was provided by
the change in width.(between B and unclassified on 2A, and
Primary and 'other A' on 2B), but that the attraction of
red was also considerable. Neither scheme provided a

smoothly-perceived hierarchy.

Journey 3: Sevenoaks to Bognor

Map 3A: Ordnance Survey Routeplanner, 1:625,000
Map 3B: Road Speed Map of South-East England, 1:625,000

Direction of journey: SW

This Jjourney is the most complex of the four, as

nothing like a straight line or continuous route is
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and considerable 'dog-legging' is required. 1In fact the
shortest route chosen was nearly 27% further than the
straight line distance. There is an interesting contrast
in the map symbolisation, as 3A's derives mainly from
expediency (the use of process printing) while 3B's speed
classification was specifically designed with a graphical
hierarchy to emphasise the fast and (to a lesser extent)
slow roads over those of medium speed, so that the former
might be selected and the latter avoided. There are large
areas of graphical monotony on both maps. On 3A this is
because all A roads are depicted in magenta, and the
difference between single and dual carriageways and
between primary and non-primary routes is none too clear.
The magenta roads tend to dominate the map image,
especially as roads of lower class are particularly
inconspicuous. On 3B, the relative uniformity of
expectable speeds on single carriageway cross-country
roads creates substantial areas where almost all the roads
are of the same class. Although the classification
criteria on the two maps are different (so that they
obviously cannot be compared in the same way as the other
map pairs), there is considerable correspondence between
roads classified as fast and slow on 3B and respectively
motorway/ dual cérriageway and roads within towns on 3A.

Table 3.3. Overall Measures of Journey Length by Map Type

MAP 3A MAP 3B Difference *

~ Aggregate distance (Km) 1829.3 1803.0

Mean distance (Km) 114.3 112.7 = 0.94, n.s.
Mean time (hrs) 1.52 1.41 t= 2.72, p<0.01
Correlation between route

length and duration -0.253 +0.403

* Two-sample t-test
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‘ Figure 3.3
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Map 3B yielded significantly quicker routes, as would
be expected given that it was compiled from the data used
to assess it. It was successful in concentrating the
routes onto roads of the top speed class (red), which
accounted for 48.7% of the total route distance, while the
slowest class (grey) was avoided completely (although a
few links in Brighton and Worthing are the only relevant
ones thus classified). However, this speed was achieved
without going particularly out of the way to find fast
roads, as overall the routes were no longer than those
chosen from 3A. The difference between the coefficients
for the correlation between route distance and time is in
fact statistically significant (z=1.47, p<0.05) indicating
a slight tendency for the more direct of the routes chosen
from 3A to be slow, while 3B focussed the routes more
tightly around the fast, direct M25/M23/A24 corridor.

On 3A, the lack of prominence of the motorway symbol
presented a problem. Again one subject, who was used to'
maps with blue motorways, interpreted it as a river, and
two did not even see it because of its weak contrast
against the background whilst being very different from
the dominating magenta network. Nobody even considered
using the subdued B roads. Two subjects who visualised
the route as being.in a particular cardinal direction
(west or south) chose poor routes as they were not
attracted into the fast NE-SW corridor. All four people
who considered or used the A29 also suffered from two
short links being almost completely obscured by road
number boxes. This was also the only map in the study
which subjects (3 of them) complained was difficult to

use.

On 3B, the relative graphical importance of roads was
the major determinant of the route for all of its users,
except for one who looked for a direct route to minimise
dog-legging. This included fodr'people who normally
relied upon the D.Tp class letters. Although they all
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used the key, there is no evidence that the administrative
classification based on casing thickness had any influence
on the routes. Users appeared to be more concerned about
going for the top speed classes (12 mentions) rather than
avoiding the.lower ones (0 mentions): town names were more
often used to determine places to avoid, especially where
there are few links entirely within the town, so that its
retarding effect was spread graphically across semi-rural
road sections. The lightness revetsal in the symbol
series (the yellow in the middle class being the lightest
colour) also caused perceptual problems, and two people
interpreted the greyish yellow class to be faster than the
yellow. Complaints were also made about the lack of
distinction between the red and brown fillings (similar to
the problem on map 1A) and between the yellow and the
greyish yellow. '

Overall it would seem that many of the problems
experienced with 3A were due to graphical monotony amongst
relatively prominent roads, whereas on 3B localised
monotony of more graphically subdued roads (e.g. around
Edenbridge/ East Grinstead) helped to focus the routes
onto the roads that are différently classified. This
tends to be a property of speed maps, as in many rural
areas the majority.of marked roads tend to be of medium

speed.

Journey 4: Buxton to Melton Mowbray

Map 4A: AA Touring Map of Great Britain, 1:633,600
Map 4B: Map Productions England and Wales, 1:633,600
Direction of journey: SE

This journey is in an area with a dense road network
which includes two major cities (Derby and Nottingham),
and requires a difficult assessment of whether the use of
the M1 motorway, which runs somewhat transverse to the
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line of the journey but bisects the cities, is beneficial.
The AA map is almost identical to that found in the
much-used AA Members Handbook, as tested by Carpenter
(1979), with a blue-green-pink colour scheme, and dual
carriageways depicted by additional width and a thin
centre line. The Map Productions specification is
particularly varied with respect to casings, and apart
from the uncased blue motorway, the rémaining classes are
of some configuration involving red or red and yellow, and

carry road numbers without class prefixes.

Table 3.4. Aggregate Distances (Km) Covered by Chosen
Routes, by Road Class

MAP 4A % MAP 4B %
Motorway _ 272.3 15.2 61.3 6
Primary dual 270.4 15.1 125.1 3
Primary single 904.5 50.6 1018.1 59.8
Other A dual 20.0 1.1 50.0 2.9
Other A single . 319.1 17.9 449.2 26.4
Total 1786.3 1703.7
Mean '111.6 Km 106.5 Km
Mean time 1.62 hrs 1.56 hrs

Between-map differences in:
Link usage by road class (chi?) 19.69, 4 4f, p<0.001
4.63, p<0.005
2.51, p<0.01

]

Distance covered by road class F(4,150)

Mean time (two-sample t-test) t

The effect of map design was clearly highly
significant both in terms of the actual routes taken
(p<0.001) and their quality, those chosen from 4B being
significantly shorter and quicker. The best 'solutions'
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Figure 3.4
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were revealed by the corrected PYNF data, in that three
basic routes are clearly faster than the alternatives.
The main elements shared by these routes are that

1) if the motorway is used, no great detour is involved
in accessing it,

2) at most one of the two major city ring roads is used,
and

3) travel'on the fairly slow, winding A6 (and certain
similar tributaries) is minimised..

The main difference in performance between the maps was
due to 10 of the 16 users of the AA map falling foul of
these principles. Clearly there was more of a tendency on
4A to divert considerably to use the relatively prominent
motorway, and several people had difficulty in assessing
the relative classification of the green primary routes

and the pink 'other A' roads.

The most stunning specific difference between the
route sets is between Derby and Melton Mowbray, where all
4 of the viewers of 4A who had come via Derby used the
A52/A606, while on 4B the equivalent 10 subjects all chose
the A6/A6006. It would seem that the wide, 'triple-line'
dual carriageway symbol for the A52 on 4A was more
conspicuous than the thicker red casing used on 4B, and
there is also a slight gap in the filling colour on 4B on
the A52 side of the divergence, but perhaps the clearest
design difference is in the clarity of the built-up area
symbol, which faded into the cream background on 4A, but
on 4B was darker than on any of the other tested maps. 1In
fact 6 users of 4B specifically mentioned the need to
avoid Nottingham and/or Derby compared to only 1 on 4A.

The success of the Map Productions map is interesting
because of its unusual specification (half the sample
needed to use the key) which relies on contrasts in the
character of the line symbol as much as changes in colour
or width. 1In this case it seemed to lead to a clearer

visualisation of the more direct routes, focussing the
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attention mainly onto the primary routes, which accounted
for 67% of the aggregate distance. The majority of the
remainder was covered on the A6006, which forms the final
link in what is otherwise the most direct primary routing,
and was selected by over half the subjects. The less
prominent motorway was not a significant cause of
deflection. Interestingly, two people said they had
missed seeing either the motorway or the more direct
'other A' route (A610) because of concentrating on the
yellow primary routes. This backs up the aforementioned
work of Kinchla et al.(1983) suggesting concentration on
one perceptual grouping at the cost of lesser utilisation
of information in other groupings. This is clearly
possible in route choice in cases where the journey can be
accomplished predominantly on one perceptually continuous

road.

3.2.2 Overall Considerations

From the comments made by the subjects, it was clear
that nearly three-quarters of the sample (23 subjects)
misread a map at some stage during the experiment without
resolving the error by subsequent use of the key or of
non-graphical information such as road numbers. 1In total,
30 cases of 'graphical communication failure' were
diagnosed, but no subjects made more than two errors. 12
(40%") of these were 'low-level' processing errors, where
roads that would have been considered were simply not seen
by the subject. Nine of them were caused by inconspicuous
symbology, while in the other three instances the line
symbol was obscured, notably by the road number boxes on
the 0S Routeplanner (3A).

The remaining 18 cases (60% of the total) were
'high-level' communication failures due to incorrect
interpretation of the map symbols. Half of these were

misinterpretations of the difference between the symbols
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for single and dual carriageways, including four people
who made this mistake even after consultation of the key.
These were on maps where the single/dual distinction is
made by screening the filling for single carriageways (1A
and 2B) or by adding a thin centre line for dual roads
(1B). Clearly imprecision of colour memory between
viewing the key and the map may cause interpretational
problems. Other high-level errors were perceiving the
relative classification of the roads incorrectly (5
cases), and considering blue motorways to be rivers (2)
and bridges where one road crosses over another to be
junctions (2). It is perhaps not surprising, in view of
the subjects"comments and its design with little apparent
concern for perception, that the map on which the largest
number of errors was made is 3A. It would certainly seem
that a map designed with consideration to the relative
conspicuity and prominence of the road classes is liable

to be misread less frequently.

Subjects' ability to judge distance generally appeared
to be fairly accurate, in that those people who mentioned
taking the shorter of alternative routes generally
succeeded in doing so. However, there was an exception to
this on Jjourney 2, where two people selected 'shorter'
(inland) routes that were in fact 13.5% longer than their
stated (coastal) alternative. A possible explanation for
this is that the former route can be undertaken almost
entirely on a road of continuous class, albeit in an arc,
while the psychological distance of the coastal route is
increased by the need to use relatively minor roads to
cross the gaps to and from the A487. 1If so, this
represents an added perceptual advantage for a continuous

classification.

The number of alternative routes considered clearly
varied both between subjects and between maps, with more
alternatives being considered on maps with a less strongly

pronounced hierarchy of roads such as l1A. The greatest
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numpber of basic alternatives mentioned by any subject on
any map was 3 by a user of 1A. On the more complex
journeys, people were less likely to consider alternatives
which were completely different from start to finish. On
any of the routes mentioned, the point furthest away from
the straight line route was at a visual eccentricity of 14°
from a fixation on the straight line (at a viewing

distance of 30cm).

From the taped protocols an overall picture was
developed of the cognitive strategies used by subjects in
order to find the minimum time route from the map (a
criterion which was relatively unusual for 11 of the
subjects). The strategies were summarised by the
experimenter into their basic elements (a maximum of 5 per
subject was required), which as mentioned above were
checked with the subject to ensure that they corresponded
with his own assessment of the situation. The single most
significant element in each subject's strategy is
tabulated below.

Use of graphically prominent roads 1
Use of M and A roads only

Detour for motorways/ most dual carriageways

Use of prominent roads amongst M and A only

Avoid towns

Directness more important than class

Use of A roads exclusively

Selection of the easiest route to follow

H o W oY

w
N

TOTAL

Clearly there is a balance between reliance upon the
D.Tp road class and the prominence of the road symbol, and
although no conclusions can be drawn about the overall
habits of the map using public because of the specificity
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of the sample, it is interesting that the largest single
group relied on prominence. Adding in all the subsidiary
elements to people's strategies, and counting the total

number of mentions, a more detailed picture emerges.

D.Tp class/ road type:

Use of motorways 17
-shortest routes to motorways 5
Use of dual carriageWays 8
Use of trunk/primary rather than 'other A' 4
Use of M and A roads only 16
-except obvious short cuts 3
Use of M, A and B roads 1
Use of A roads exclusively 1
Use of unclassified roads where necessary 1
Graphical significance on the map:

Use of prominent roads ‘ 14
-where an overall route clearly stands out 2
-within A roads 2
-red roads in particular 2
-where road numbers lack class prefixes 1

Directness more important than class:

Within M, A and B roads

Within A roads

Directness and class carefully balanced 2

Other considerations:

Avoid towns/ built-up areas 13
-larger towns only 8

Use of an easy-to-follow route 11

Avoid hilly roads 9

Avoid bendy roads 9

Avoid roads likely to carry heavy traffic 3

Avoid ring roads , 1

Minimise the number of road junctions 2

Use roads with small numbers (e.g. A6) 2
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Considerations such as avoiding towns, selecting a
route which is easy to follow and avoiding hilly and bendy
roads are clearly significant secondary elements to many
people's strategies,'indicating the importance of the
representation of information such as built-up areas and
gradients. A check was also made to see whether drivers
and non-driving navigators differed in their strategies,
but no obvious differences were found.

Overall several conclusions can be derived from this
pilot study. Firstly, the conspicuity and prominence of
line symbols have an important influence on route choice.
Even where the D.Tp classification is labelled, prominence
reversals in a line series (as in 1A) cause a significant
disturbance to a proportion of map users. Discontinuities
in a graphical hierarchy are also reflected in the chosen
routes. Width appears to be a major determiner of
prominence, as is darkness, such that a reversal of
lightness order in a series again causes problems for some
users. Red also appears to be a particularly
attention-getting colour which connotes importance, while
the prominent representation of built-up areas clearly
aids the selection of a fast route. Continuity of road
classification is also an important influence on route
choice. Finally,Agraphical monotony amongst prominent
road symbols and lack of distinction between road classes
does not appear to encourage good route choice, which is
encouraged when the range and smoothness of the graphical
hierarchy reflects the relative differences in road

quality.
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4, THE CODING OF LINE SYMBOLS

Of the influences on map-based route choices over
which the cartographer has control, the most important is
the design of the series of line symbols to represent the
road classification. For the series to be clearly
understood without reference to the key, two sorts of
visual organisation are required:

1) The symbols used for each class should be clearly
distinguishable from each other and from other lines on
the map such as those representing rivers and boundaries.
These are qualitative differences as they represent
distinctions with no hierarchical implications.

2) The order of the classes should be reflected in the
relative saliency of the line symbols used. 1In Wrigley's
(1985) terminology, road classification is an 'ordered
polychotomous' variable- a hierarchy of discrete levels
which do not directly represent numerical quantities.
However, where it is necessary to distinguish them from
qualitative differences, variations in the saliehcy of
class symbols will be referred to as 'quantitative' as

they do have hierarchical connotations.

4.1 Constraints of the Road Map Context

Before consideration of the graphical means by which
these aims might be realised, some points on the
perceptual nature of road map displays should be made.
Certain processes in the perception of complex displays,
such as the emergence of 'figures', operate in a manner
peculiar to each individual situation. The perception of
colour in particular is beset by countless contextual
complexities (see Chapter 5). That this does not lead to
an anarchic infinity of possible interpretations is
because many of the potential variables are eliminated or
constrained by the very nature of road maps and the manner
and conditions in which they are used for route planning.
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Notably,

1) Road map images are two-dimensional and are generally
viewed orthogonally.

2) They are dgenerally entirely static.

3) The 'corridor of possibilities' is generally narrow
enough to involve only foveal and near-peripheral vision.
(At a visual eccentricity of 14° , the most peripheral road
considered in the pilot study is just within the range
where, according to Kinney (1979); colour coding is
effective for discrimination.)

4) Printed road maps are usually folded inwards or
enclosed within atlases and are therefore not generally
exposed to ambient illumination. Consequently ink colours
do not fade significantly.

5) The number of ordered road classes required is
generally about 5 or 6.

6) The map composition as a whole tends to be dominated
by small areas of dark, saturated colour (lines) on a
relatively light unsaturated background (or for negative
contrast self-luminous displays, light, saturated colour
on a dark, unsaturated background). While background
colours vary to a certain extent across road maps, they
are always relatively recessed. Thus

(i) the road network clearly emerges as figure given its
continuity and the inevitably small ratio between its size
(area) and that of its background. The visual
organisation is much more stable than on a colour
choropleth map or a painting with variable size ratios
between areas of colour, where for example a small, light
and highly colourful yellow patch amid dark, unsaturated
browns and greys would stand out far more than it would if
set amongst saturated oranges and reds. Consequently

(ii) the background colour(s) have the strongest
influence upon the average brightness of the stimulus, to
which the eye adapts (although where the figure is
self-luminous it will exert some control), and

(iii) the main contrasts influencing the perception of a

coloured line are with its immediate background and with
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lines of other classes.

Despite these constraints, however, there are still
problems caused by the variety of conditions under which
route planning maps are used- for example from leisurely
pre-journey planning in the home in daylight, tungsten or
fluorescent lighting, to periodic sideways glances at the
map on the passenger seat by the nighttime
driver-navigator under low-luminance sodium lighting. 1In
most cases, however, the part of the map under

consideration is at least relatively evenly illuminated.

4.2 Coding Dimensions for Lines

The foundations in semiology (the language of sign
systems) of graphical coding have been laid by Bertin
(1981,1983a). Apart from the two (x,y) dimensions of
planar space, he defines 6 visual variables for the
graphical display of information, namely size, texture,
colour, value (lightness), orientation and shape.

Moreover he demonstrates that each of them can be used
individually for the coding of lines, although orientation
and shape can clearly only be varied for constituent
elements of the line symbol (e.g. dots/dashes) and not the
overall line itself. His use of the term 'colour' also
requires clarification, as colour itself has three
psychological dimensions (see chapter 5 for definitions).
Here, as in much of the human factors literature, 'colour'
effectively refers basically to differences in hue, while
lightness (value) is treated separately and chroma is not

considered.

Bertin defines three levels of perception for which
these variables can be used:
1) quantitative perception, which can yield a numerical
ratio between two symbols, and is possible only with size
2) ordered perception, enabling the ranking of
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categories without reference to a key, which is achievable
with size, value and (to a certain extent) texture

3) selective or differential perception, where similar
marks can be grouped together without being individually
scrutinised, whilst different ones are clearly
distinguishable (qualitatively). This applies for all the
variables except shape.

In summary the levels of perception for each variable

are:
Size quantitative, ordered, selective
value ordered, selective
Texture (ordered), selective
Colour selective
Orientation : selective
Shape ' ' none

According to Bertin, size and value are 'the variables of
the image' which effectively form a third (z) dimension
through a 'reduction in the amount of white' (i.e.
background) that is visible. Because of their 'variable
visibility' they are also 'dissociative'- that is they
dominate visually over any other variables with which they
are combined, and reduce their range of selectivity (e.qg.
fewer distinctions -of colour are possible with small
symbols). This is broadly equivalent to being
'non-integral' in psychological terminology. All the
other variables are of 'constant visibility' and
associative. 1In other words, according to Joel Morrison
(1984,p.48), 'the addition of a differentiating variable
can serve to enhance the ordering', but the converse is

not true.

Colour provides the next best selectivity after size
and value, especially when high chroma colours are used
(see figure 5.2), and thus is excellent for distinguishing
several classes. (The relative ease of use of the colour

and black and white (texture and shape coded) London

80



Underground maps is clear evidence of this.) Because of
its associativity (or integrality) it can combine well
with other variables, and be used 'redundantly'- i.e. as a
back-up to another variable which already provides enough
information for a feapure to be classified. For example,
class 1 and 2 roads with respective widths of 1.5 mm and 1
mm could also be coloured so that all the class 1 roads

are red while the class 2 roads are brown.

Joel Morrison's own framework redefines Bertin's
specifications with slightly more precision. He resolves
the somewhat shaky status of texture by fixing thresholds
in pattern resolution. If the texture is finer than 72
lpi (lines per inch) its perception becomes dominantly one
of lightness and thus ordered, while if it is coarser than
43 1pi it becomes one of pattern and is consequently only
differential. Morrison also acknowledges the
tridimensionality of colour, realising that chroma is a
relevant and ordered variable. Consequently his
classification 1is

1) ordering variables: size, colour lightness, colour
chroma '
2) differential variables: pattern arrangement,

orientation, shape, colour hue.

Bertin (1983b) also affirms that ordered information
mggg be represented by visual order in the symbols, or
else a misleading impression will be given. Cartography,
he suggests, is a finite rigorous language with one visual
order imposed by physiology, and to adopt any other ,
convention 'is to state that 2 is equal to 5..... or it is
to be blind.' (p.78) Unfortunately the apparent
simplicity and universality of this statement is illusory,
or else the reader would be relieved by the imminent
termination of this thesis. As Salichtchev (1983) has
pointed out, the cartographic application of Bertin's work
is limited by his exclusion of semantics- the relationship

between symbols and the features being mapped. Lines
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seriously reduce the usable range of the ordering
variables, and feature-related connotations and
conventions may therefore become very significant in their

perception.

4,2.1 Road Symbol Representation

Cartographers tend to use the éoding dimensions for
lines in particular ways. Texture coding is generally
avoided, because for batterns to be sufficiently coarse to
be adequately discriminable, small areas such as lines may
be too small even for one pattern repetition (Phillips and
Noyves,1980). A common ploy is the addition of casing
lines, which may also vary in thickness, or the use of two
or more parallel lines, with or without a filling.
Throughout this thesis these will be referred to, along
with any other variations of form within the line symbol
(e.g. dots, dashes), as changes of 'character'. As
lightness depends on area for its effectiveness, larger
thresholds are required for ordering lines than for areas
(J.L.Morrison,1984), but according to Crawford (1971) it
can still be successfully applied on black and white maps

as a partial substitute for colour.

Colour is however generally favoured where
economically‘possible, and along with size (width) is the
most commonly used variable for coding road symbols on
maps. Often colour is used only qualitatively, with width
providing the ordering. Various studies have reviewed the
representation of roads on atlases (e.g.
J.L.Morrison,1984) and military maps (e.g.Langran,1984).
Morrison found almost universally that all types of road
were shown in red (to distinguish them from black railways
and blue rivers) and ranked by width, often with the
addition of a double-line symbol for the top category and
a dashed line for the bottom. An extended version of this
specification was recommended by Rado and Dudar (1971) as
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a standard for atlas maps, with a filled triple-line at
the top and declining widths of double and then single red
lines. On the Eastern European road maps, mostly at v
around 1:500,000 scale, reviewed by Stams (1964), despite
complete non-standardisation of the symbols, no more than
three colours were used in any scheme, and the ordering
was performed by width, often with the help of some
character changes. His two recommended schemes involve
three colours (purple, red and yeliow), with width and
character (double lines, pecked lines) used to represent
changes in road width and surface quality. The difference
between the two schemes is that one is cased throughout
while the other is uncased. Standard NATO series use at
most two colours (from red, brown and black) in any scheme
(Langran,1984). Langran also mentions a scheme for
non-redundant multidimensional coding with colour
representing road surface quality and line width depicting

the number of lanes.

Other qualitative information may also be shown (e.g.
roads under construction, toll roads). However, where
there is a need for a greater number of ordered yet
distinct classes, as for example with larger scale road
maps in developed countries, colour takes on a more
demanding role. On sbecialised road maps where the road
network is the most important information shown, line
symbols especially need colour for contrast and emphasis
as in terms of size and shape they are relatively
inconspicuous (Arnberger,1966; Imhof,1982). A fairly wide
spread of hues is common. Colour associations and
conventions may also relate to particular classes of road,
such as blue for British motorways. Where the amount of
quantitative 'variation available with width and character
is inadequate, Arnberger (1966) suggests that the
quantitative implications of colour be utilised.
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4.3 Perceptual Organisation

If, as Haber (1981) suggested, visual information has
inherent organisation, how is this achieved, and how do
the map designer's 'tools' (the aforementioned graphical
variables) contribute to it?

According to R.M.Taylor (1985), map designers have
been generally far more interested in the overall
structure and organisation of maps rather than the design
of individual symbols. Following the ideas of the Gestalt
psychologists, they have stressed the importance of
'composing the graphic elements so that a hierarchy of
structures is perceived that correspond to the functional
and intellectual importance of the information to the
user.' (p.194) Recently, following the work of Neisser
(1967), there has been a resurgence of interest amongst
cognitive psychologists in the Gestalt principles of
organisation, first elaborated in the 1920s. According to
the principle of Prdgnantz, perception tends towards the
greatest simplicity, with the simplest structures which
require the least processing effort being perceived first.

Complexity is minimised by the grouping of elements in
the display according to the laws of organisation. As
stated by Coren and Girgus (1980) items tend to be grouped

through:
Proximity Close together features
Similarity Perceptually similar features
Closure Items‘forming a closed figure
Good continuation ~ Items continuing in a common

direction with the fewest sharp deviations (cf. section
3).

The recent interest has derived from the fact that
while acceptance of these principles is universal, it has
relied upon phenomenology (research by demonstration), and
the underlying mechanisms were not originally understood.
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They have now been scrutinised to the extent that an
overall picture is emerging. It appears that perceptual
organisation is an automatic and instant process that is
performed at a glance in parallel across the whole field
of view by low spatial frequency mechanisms, and is not
available to consciousness. As a result of this process
the field is parsed into 'perceptual units' according to
the Gestalt principles. This grouping affects all
subsequent processing by guiding eye movements and
directing the allocation of conscious attention at a
higher spatial frequency. A particularly conspicuous
target or group may emerge spontaneously at this stage by
calling attention to itself. If not, selective, focal
attention can then operate serially on these units, and in
visual search is allocated first to the units, and then by
a controlled scan to the individual items within the
units. The unit boundaries can only be transcended by a
conscious attentional effort (Hoffman,1980; Kahneman and
Henik,1981; Treisman,1982; Bundesen and Pedersen,1983).

4.4 The Qualitative Use of Coding Dimensions

Line width, colour and character are used to show
qualitative differences between roads (Langran,1984). 1In
the determination of Gestalt similarity/ dissimilarity,
what is the relative saliency to the processes of
preattentive organisation of the boundaries formed by
these dimensions (or 'features')? A measure of subjective
distinction is provided by the 'just noticeable
difference' (jnd)- the smallest amount of difference a
subject can perceive 50% of the time in a series of
trials. For reliable perception in a map-using situation,
however, greater differences are required (Castner,1983).
Consequently Castner and Robinson (1969) have defined a
separate threshold, the 'least practicable difference"’
(lpd), as the difference observed and reported by a givem
percentage of map percipients. 75-100% 1s generally
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recommended (Robinson,1982) and 75% was used in the
original study. The example .application mentioned by
Castner (1983) is the determination of the series of line
widths to be used in the symbolisation of a highWay

network.

Following the work of R.D.Wright (1967) it is possible
to estimate lpds for line width. Wright recognised the
lack of cartographic research devoted to lines, and the
mixed results obtained by 'trial and error' map
specifications. Using same/different judgements he
conducted a series of tests of width discrimination
between solid lines, ranging from simple pairs of line
segments to integrated networks. 1In the simple test, 88%
of the variance in the responses was explained by two
measures

1) difference in width divided by the width of the wider
line (the D/WW ratio) and

2) the width of the wider line (smaller relative
differences are necessary between pairs of wider lines).
In networks, three variables appeared to be significant:

1) the D/WW ratio

2) the number of width categories present, and

3) network pattern: line width discrimination was harder
in rectilinear networks than in irregular ones.

Neither the width of the wider line nor the density of
the network had a significant effect. From his graphs, on
which these relationships were represented by multiple
Spillman curves, lpds can be calculated. The D/WW
thresholds for the respective proportions of people to

make correct discriminations are tabulated overleaf.
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Discrim. Simple " No. of categories (Irreg. Networks)

Level Pair 2 3 4
75% 0.17 (1) 0.22 0.27 0.45
90% 0.25 (2) 0.34 0.43 0.61
95% 0.32 (3) 0.42 0.56 >0.7

(1) or a difference of 0.015" (0.38 mm) if smaller
(2) or a difference of 0.025" (0.64 mm) if smaller
(3) or a difference of 0.03" (0.76 mm) if smaller

These results were confirmed by duplication with an
entirely different sample of 200 subjects by Crawford
(1971) for both black and grey (30% screen) lines.
However, as no comparisons were made across the lightness
difference, no information was provided about possible
interactions between colour variables and perceived line
widths. An interesting comparison is however provided by
a study on type size discrimination by Shortridge (1979),
who recommended a minimum distinction of 2 point sizes
(about 0.5 mm letter height) or 25% (equivalent to a D/WW
of 0.33).

Clearly then size discrimination deteriorates as the
number of sizes seen together increases. Bertin (1983a)
recommends that for good selectivity, only about 4 or 5
sizes should be used together, as greater numbers of codes
begin to make absolute identifications difficult. The
problem is particularly acute with lines on maps, whose
size can only really be usefully varied in one dimension
(width), such that Bertin advises that 3 steps of line
thickness is really the maximum for good visual groupings
to be formed. Potash's (1977) review agrees, recommending
spacing on a logarithmic scale to minimise confusion, and
Robinson et al.(1984) consider three to be the limit for
lettering sizes of a single type style. Dobson (1983c)
mentions two additional limitations of size cues:

1) memory of size appears to deteriorate rapidly,
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causing potential difficulties when comparisons with a key
are required.

2) size cues are easily confused in the visual periphery
because of reduced visual acuity away from the fovea.
Small features, especially those lacking in contrast, may
not even be perceived at all (Kinney,1979).

While the range of contrast that can be introduced by
character alone is relatively smali, cased, uncased and
even double-line symbols of the same colour and width have
been used together on specialised road maps. In such
instances casings also create distinctions in colour
through interaction with the filling (see section 5.4).
However, the quality of discrimination by such means has
apparently never been tested. The situation with colour
is quite the opposite, although on maps the use of colour
coding has evidently not been seriously questioned,
perhaps because of their complexity and the shortage of
other coding options for lines and areas in particular.
However, applied psychologists have conducted a wide range
of studies of the effectiveness of colour coding in visual

displays.

According to R.M.Taylor (1986), colour and texture
differences are the major determinants of boundaries of
perceptual units. Treisman (1982) considers colour to be
a simple feature which is detected automatically at the
preattentive stage, while Haber (1981) has suggested that
it is the only dimension which enables immediate
preattentive segregation. Other studies have confirmed
the quality of grouping of same-coloured items (Bundesen
and Pedersen,1983), the efficacy of segregation by colour
in focussing attention on the target grouping (Harms and
Bundesen,1983), and the difficulty of inhibiting the
processing of irrelevant or distracting colour (Kahneman
and Henik,1981; Luder,1982). Even when the target was not
coded by colour, other elements of the same colour
interfered with target identification (Harms and
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Bundesen,1983). As Phillips (1984) has suggested, the
advantages of colour seem to occur in the early stages of
visual processing where big differences in performance can
occur. In simple visual search tasks, near perfect visual
separability was achieved with codes of up to five colours
(Green and Anderson,1956; Smith,1962). The overall
density of features in a display has far less effect on
search times than the number of items sharing the target's
colour, indicating that even in more complex fields the
appropriate colour grouping is found very quickly (Cahill
and Carter,1976).

Other tests of the speed and accuracy of task
performance have compared colour to alternative coding
dimensions such as size, shape and sometimes brightness,
again making the use of the term 'colour' all the more
ambiguous. Precise colour specifications are rarely
given, and while it often appears that the specific
colours used are all highly saturated and differentiated
solely by hue, variations in brightness and saturation,
which may considerably affect discriminability, may also
be present (Christ,1975). In his comprehensive review of
42 relevant studies, Christ showed that colour coding
almost universally improved the performance of search
tasks compared to other coding dimensions. Colour-coded
symbols were located and counted faster than those coded
by size, shape, brightness or letters/ numbers. This
again points to the superior perceptual segregation

provided by colour.

L.G.Williams (1967a,1971) stressed the importance of
extrafoveal discrimination in determining how well
structures separated, and evaluated colour, size and shape
codes in this respect. Using eye movement recordings of
search tasks, he devised an index called relative fixation
rate (RFR), a measure‘of apparent similarity obtained by
dividing the number of fixations made on items different
from the target by the number of fixations on objects
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sharing its defining characteristic (e.g.colour). He
found that when the target was specified by colour, there
was a very strong tendency to fixate objects of that
colour (low RFR). Size was less effective, although the
largest objects were most easily discriminated from the
rest, and selectivity by shape was particularly poor: the
maximum distinction obtainable by shape (triangle and
circle, RFR=0.35) was equivalent to a size ratio of about
1.6, and about 7% of the hue range‘(cf.section 5.2). With
redundant coding, the less potent dimension was virtually
ignored, so that with a redundant application of colour
and size, colour was used to perform the task. Thus it
can be seen that colour is more discriminable in the near
periphery than size or shape. A further advantage of
colour is that the memory of a particular colour
deteriorates less than that of size, orientation or shape
(Christ,1975). It has also been found that the presence
of colour helps in the identification of line symbols

(Wong and Yacoumelos,1973).

However, Dobson (1984) has claimed that while
cartographers are hampered by their ignorance of the human
factors literature on colour coding, the cartographic
application of these experiments is severely limited. Of
the 42 studies reviewed by Christ, only 3 actually
involved map or map-like stimuli. Most of the remainder
used small, discrete Qeometric or alphanumeric point
symbols against an undifferentiated, neutral background.
This he claims is very far removed from the subtlety and
variety of map symbols with their far more demanding use
of graphical variables, and the problems of the varied
contexts and simultaneous contrasts created by different
spatial configurations. Hopkin and Taylor (1979) agree
that it might therefore be difficult to relate these
results to map contexts. As, Dobson says, much of the
human factors work is 'stimulus dependent', such
differences could significantly affect the results.
Background colour, for example, which is generally ignored
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or treated as a distraction in such studies, may improve
the figure-ground relationship on maps, although in one
small study (Christner and Ray,1961) no significant
differences were found in the performance of symbol
locating and counting tasks between maps with pastel layer
colours and others with various achromatic backgrounds.

Overall, colour is likely to be more effective in the
complex map environment, where orgénisation is of
paramount importance. Evidence for this in demanding
map-using tasks is provided by Stringer (1973) and notably
Garland et al.(1979), with a minimum-time journey planning
task conducted on various designs of urban bus map.
Despite a large number.of colours (1l1), colour coding
produced a significant improvement in performance over an
uncoloured map, equivalent to a reduction in the amount of
detail. A study by Forrest and Castner (1985) of point
symbol design for tourist maps, also confirmed the value
of colour as the primary sorting characteristic for groups
of cartographic symbols, while a major cause of errors in
Streeter and Vitlello's (1986) experiment was the
difficulty in distinguishing between roads and other
linear features (railways, rivers) on a black and white

road map.

Where redundant coding is possible, given the usable
range of the variables and the number of classes required,
discrimination is likely to be further enhanced. 1In
map-based experiments with the size and lightness contrast
of proportional symbols, when the two dimensions were used
redundantly, Dobson (1983c) found improvements in the
speed and accuracy of identification and categorisation
tasks and in extrafoveal discrimination. Redundancy
clearly led to a 'strengthening of the graphic message.'
Used alone, colour allows the greatest range of
distinctions of all the variables used for the qualitative
coding of lines. The discrimination of specific colours

and its relationship to the dimensions of colour space is
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discussed in section 5.5.

4.5 Figure-Ground and Visual LeVels

With serial attention, units and features must clearly
be scrutinised in some order, and priorities must
therefore be established. Figure-ground segregation is
achieved by the differential proceésing of these units,
such that in addition to being distinguished
qualitatively, they can form different 'visual levels'.
What determines which units are the ones that appear to
have simple structures, get selected first and become the
focus of attention, while others form the background?

Gestalt psychologists have traditionally been
associated with 'global precedence', the idea that the
whole is different from the sum of its parts, and is
recognised quicker. With several levels of grouping, the
most wholistic is processed quickest. Recent work has
shown that this is dependent on the natural tendency of
small stimuli to be more degraded than large ones, and
that the interaction between local and global levels of
form depends on the relative visibility and quality of
form information at each level. Consequently any
particular level with 'good form' might attract attention
(Hoffman,1980; Grice et al.,1983). Factors affecting form
quality include stimulus size, contrast, continuity of
" contour (edge definition) and retinal peripherality.

There may well be an 'optimum size' above which a stimulus
is less likely to be seen as figure (Kinchla et al.,1983).
However level precedence is not entirely externally
determined. Although the perception of hierarchical
structure is difficult to monitor as it includes covert
attention processes not revealed by eye movement, it is
clear that it is possible to decide to attend to a
particular level and process it faster, at the cost of
slower utilisation of other levels (Kinchla et al.,1983).
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Cues which imply a third (z) dimension also assist in
the segregation of figure (features cued to be nearer the
eye) from ground. According to Haber (1981,p.6), it is
possible that the visual system 'attempts to interpret all
stimulation as if it is reflected from a three-dimensional
scene even if the information comes from a flat surface.'
In experiments with the apparent vgrtical {(z) organisation
of sets of three overlapping triangles, R.M.Taylor (1986)
showed the importance of closure and overlay (occlusion)
in the creation of figures. Moreover when one solid
triangle was superimposed upon another, figure-ground
segregation was not improved by hidden-line removal
(figure 4.1) as the advantages of a more stable figure
were outweighed by the loss of a closed outline. Ordering
was also improved by a continuous brightness progression,
and reinforced by the strong boundaries and distinctions

provided by solid colour.

The results of this experimental work involving
stimuli of much greater simplicity than maps compare
interestingly with cartographic experience. On a road
map, the overall line image meets the basic requirements
to be seen as figure through

1) the relatively small proportion of the map area it
covers, '

2) its strong edge (brightness) contrasts, whether they
are positive (as usual) or negative (Dent,1972;
C.H.Woo0d,1976), and

3) its continuity.

This is further strengthened by the closed configuration
possessed by almost every road network. The problem of
the perception of road classes is therefore less one of
figure-ground differentiation than one of the further
segregation into ordered visual levels of a network of
lines already perceived as figure. As Dent (1972)
suggested, each map should have a range of visual
significances to represent the relative intellectual
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Figure 4.1 HIDDEN LINE REMOVAL

Hidden Line Removed Hidden Line Retained
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importance of the mapped elements, where 'each plane could
provide for focussed attention and a good 'gestalt' be
perceived.'

The means by which such a hierarchy of line classes
can be achieved fall into two groups- those dependent on
the spatial arrangement of road classes and those
dependent upon their symbolisation. In the former
category two factors are worthy of note:

1) closure. Certain individual road classes may form a
linked network, like'Primary Routes (and 'A' roads as a
whole) in Great Britain.

2) continuity of contour. 1In general as mentioned above
more highly classified roads are more continuous, and
lower class roads appear to be their tributaries. This
continuity can be strengthened by casings, especially
where they are not broken at the junctions of side roads.

These factors are clearly circumscribed by the
classification criteria used, so that the map designer may
have no control over them. Their influence is greatly
reduced where the class of a road can change from section

to section.

Three relevant aspects of symbols have been noted
which invoke depth cues to promote hierarchical
organisation, and can be used redundantly for
reinforcement (Saunders,1958; Bertin,l1983a, Robinson et
al.,1984; Lansdown,1985). These are, as they apply to
lines, as follows:

1) superimposition (also referred to as occlusioﬁ or
overlay). It is possible to decode a road classification
without reference to the key as the higher class line
symbols take precedence at cross-roads. (With cased
symbols, the 'hidden lines' are generally removed.) The
continued contour is perceived as covering the interrupted
line (Ittleson and Kilpatrick,1951; Dent,1972).

2) progression of line weight. An association of size

with depth was demonstrated by Ittelson and Kilpatrick
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(1951), with the larger of two 'floating' objects
appearing to be nearer the eye. Dent considers that this
is not always entirely satisfactory without a variation in
a more important depth cue, namely

3) intensity of contrast, both chromatic and achromatic,
and particularly for edges. Edge contrast can be reduced
by screening or increased by the addition of high contrast
(usually black) casings, which can establish or strengthen
contours, especially when brightneés differences are weak
(M.Wood,1968; Dent,1972). Wood (1972) has also noted that
patterns with high internal contrast (e.g. dark casings
and light fillings) appear to be nearer the eye.
Variations are more difficult to achieve with negatiVe
contrast. Dent claims that edge contrast is successful as
a depth cue because of 'aerial perspective', an
association with everyday visual experience where, because
of the further passagé of the image through the air,
distant objects appear to be fuzzy or (perhaps more
correctly) faded, and are consequently less pronounced and

less contrasting.

4.6 The Quantitative Use of Coding Dimensions

As Kaufman (1975) has stated, there is a distinct
imbalance between the amounts known about

1) the visual processes involved in the discrimination
and delineation of features, and

2) the factors which determine the relative saliency of
stimuli, and the influence of saliency on their retention
and subsequent processing.

The latter are by far the less well understood, and this
is reflected in the rather disjointed nature of the
evidence presented below. The conspicuity of a mark, its
physical prominence in central vision and any quantitative
connotations it carries all contribute to its saliency,
but how are they related to the usable graphical

variables?
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Size is the dimension with the most obvious
quantitative connotation. 'The larger of two lines of the
same colour will appear more prominent, and without
elaboration connote ordinal ranking (Robinson et
al.,1984,p.312). The subjective estimation of stimulus
magnitudes has been the domain of psychophysics for over a
century since Fechner first suggested a general
logarithmic relationship between pﬁysical and subjective
intensity. Later work using different scaling techniques
prompted Stevens (1957) to propose an alternative general
law that equal stimulus ratios produce equal subjective
ratios, the relationship being approximated by a power
function

R=cg"
where R= subjective intensity, S= stimulus intensity, c is
a scaling constant (relating to the units of measurement),
and n is the power exponent to be derived for each scale
(e.g. loudness, brightness) by experimentation. This is
referred to as Stevens' Power Law or the Psychophysical

Law.

Stevens' work spafked off a rush of studies into the
scaling of different phenomena including the apparent
length of lines and area of 2-dimensional figures, but not
line width. The resulting exponents for line length
varied between 0.95 and 1.11, focussing around 1 (Stevens
and Galanter,1957; K#nnapas,1958; Ekman and Junge,1961;
Stevens and Guirao,1963; Teghtsoonian,1965) indicating a
simple 1:1 correspondence of physical and apparent length,
although some judgments of large length differences were
slightly underestimated (Clarke,1959). For the areas of
regular shapes the exponents (reported by the above
authors and R.L.Williams,1956) varied from 0.7 to 1.03.
This variety may reflect the specific question asked.
Teghtsoonian found that when subjects were asked to judge
the area of circles, the exponent was close to 1 as they

were able to estimate the linear dimension (diameter)
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accurately and square it, but when asked to estimate 'how

big' they were the resulting exponent was 0.76.

However it is not possible from this to say nhow width
affects the perceived visual weight of a line- whether it
is judged as a single lineally-scaled dimension or whether
the overall area of the symbol is estimated. 1In the
construction of flow-line maps where a continuous
variation in line width is used to represent statistical
quantities, the conventional wisdom is to scale the symbol
width in direct arithmetic proportion (Robinson et
~al.,1984). However, Wright's experiment (section 4.4)
suggests the possibility of a logarithmic relationship, in
- that perceptually equal increments of width are basically
predicted by the D/WW ratio, and therefore form a
logarithmic series {(nearer in shape to a power
relationship with an exponent of <1).

In terms of conspicuity,Asize is clearly a major
factor (Dobson,1983c). Woodworth and Schlosberg (1955)
reported an experiment'by Brandt in which doubling the
size of the stimulus led to a 40-60% increase in its
'attention value'. 1In an experiment on the conspicuity of
motorcyclists, Fulton et al.(1980) discovered a log-log
relationship between the area of high-visibility
fluorescent clothing worn (as seen by the subject) and the
time taken to detect the presence of the motorcyclist.
Clearly these findings relate to the conspicuity of
individual specified items in an image, and not the more
complex case of the relative conspicuity of many image
elements seen together. Consequently the principle is
likely to be more important than the specific statistical
relationships mentioned. According to Kosslyn (1981),
marks drawn with heavier lines tend to be noticed sooner,
and also carry semantic connotations of 'more of' the

symbolised information.
Variations of line character are conventionally used
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to symbolise stretches of dual carriageway, and as such
carry hierarchical connotations. The addition of a thick
black or red casing is common amongst road map producers,
but other more mimetic symbols are also used, notably
double line symbols (representing the two carriageways)
and filled triple-lines, with the (usually narrower)
centre line representing the central reservation. The
influence of line character on visual importance has also
been investigated in studies undertaken at the University
of Wisconsin-Madison by Severud (1968) and K.Pearson
(1971). However, most of the line types they/she? looked
at were broken (e.g. dotted, dashed) forms conventionally
not used to represent roads on specialised road maps.
Factors such as the inked area, 'closure' (the perceived
connectivity of symbol elements), complexity and
compactness contributé to their visual weight. Solid
lines have continuity as well as perfect closure and
compactness, and consequently appear to be more prominent
than broken lines of equivalent gauge (Pearson,1971).
Their visual importance can be varied by width and

brightness contrast.

Colour in general can have a big influence. In terms
of promoting the conspicuity of features its superior
performance in the .near visual periphery is crucial.
According to Easterby (1980), 'no single coding variable
is capable of enhanciﬁg-the conspicuity of specific
elements in a display as much as colour can.' Saunders
(1961) referred to the extreme conspicuity of a colour
juxtaposed with achromatic items. Bertin (1983a) refers
to the psychological attraction of colour and its ability
to capture and hold the attention. This was confirmed in
a study by Dooley and Harkins (1970) in which an
apparently irrelevant graph, which was either functionally
coloured, decoratively coloured or black and white, had
been placed in a room where subjects were taking part in a
separate and unrelated experiment. Post-testing revealed

that colour, whether functional or decorative,
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significantly increased the amount of attention the

subjects paid to the graph.

Colour, which has perhaps the greatest scope for
manipulation of any of the map designer's tools ik
(Robinson,1982), is however perceptually very complex, and |
in its cartographic and particularly quantitative ﬂ
application is imprecisely understood. A substantial
literature on the use of colour design to organise colour
displays does not exist (Dobson,1983b). When
psychologists have explored colour space, their main
concern has generally been to find large colour
differences for the qualitative coding of information

categories (e.g. R.M.Taylor,1977), for which colour is
more often used. The perception of colour in lines and
the selection from colour space of subjectively ranked
series of colours merit special attention, and are

discussed in chapters 5 and 6 below.
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5. THE PERCEPTION OF COLOUR IN LINES

'The study of colour is generally confusing.

The discrepancies found in physics, art and

psychology offer no end of complication to the

student who is conscientious enough to strive

for a - clear and exact understanding.
Explanations and descriptions dre difficult to

reconcile.,' (Birren,1930,p.271)

Since Birren wrote this a considerable amount of
research has been conducted into the mysteries of the

perception of colour, mainly within the fields of
physiology, photography, physics, art and psychology,
which has served to underline its complexity. Often the

multiplicity of variables involved in the perception of
colour is not fully understood or even recognised. For
example the main factors influencing colour discrimination
have been listed in rough rank order (Silverstein,1982 and
Huddleston,1982) as follows:

~wavelength separation (hue difference)

~purity

~brightness

~item size

~-viewing time

~adaptation state of the eye

~number of colours present, and whether absolute colour
identifications or just comparisons are required

-brightness and colour of background objects and
surroundings

~-foveal versus off-centre viewing

~variations in individuals' visual systems (e.g. with
age and colour vision anomalies) and experiences.
Presumably the ambient illumination characteristics are

also of significance.
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It is therefore not surprising that when the effects
of one colour variable are being tested, the effects of
the remainder are often inadequately controlled
(Christ,1975). Moreover the necessity for consistent
terminology for the comparison of studies both within and
across disciplinary boundaries is apparently not realised.

Colour clearly has three fundamental perceptual
dimensions, referred to by Hunt (1979) as hue, brightness
(the overall amount of luminous stimulation) and
colourfulness (total chromatic stimulation). However a
variety of terms are used for these and for related more
specific concepts such as lightness and saturation (table
5.1). Sometimes slight distinctions in meaning are
intended; in other cases the terms are just used loosely.
The terms used in the present study are those above the
dashed line in Table 5.1 and defined where ambiguous, with
the addition of:

CHROMATICITY, for the plane of hue and
colourfulness variations at constant brightness, and
COLOUR INTENSITY, for the plane of colourfulness

and brightness variations at constant hue (Macioch,1983).

Additionally there is a vital distinction not always
made in the literature between the perception of
1) (self-) luminous colours, seen in light sources and
transparent films which emit or transmit light, and
2) surface colours, which are reflected off objects or

surfaces such as conventional paper maps.
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TABLE 5.1.

COLOUR TERMS USED IN THE LITERATURE

Dimensional Grouping

Locus of Usage HUE BRIGHTNESS COLOURFULNESS
All Colours: .
CIE System Dominant)\ (Luminance) Purity
Psychology Hue Brightness Saturation
Surface Cols. only: . '
CIE System Reflectance
Psychology Lightness Chroma
Munsell System Hue Value Chroma
Conversation Colour Lightness Brightness
Other terms: Brilliance Brilliance
Intensity Intensity
Tint Tint
Luminosity Density
Albedo Strength
Visual effect Vividness
Tone Richness
Shade Pallor
Depth Pastel/
archetypal

Definitions of terms as used in this study:

Lightness

The sensation of lightness/ darkness of a

surface colour rated on a grey scale.

Luminosity

The capacity of radiant energy of a given

wavelength to evoke a visual sensation of

brightness.

The luminosity of a colour

(a combination of wavelengths) is thus

its inherent brightness.

Saturation

The apparent chromatic concentration of a

colour- the proportion of the total

(chromatic plﬁs achromatic) sensation

that is chromatic.
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relative to brightness.

Chroma The colourfulness of a surface colour
relative to a neutral (grey) of
equivélent lightness.

5.1 Colour Vision

There has been much argument among physiologists about

the operation of the visual system with respect to colour.
However in recent years a consensus view has developed on
the basic principles involved, which are all that need
concern us here. This consensus, known as zone theory
(Wassermann,1979), differentiates a component zone
containing the basic retinal photoreceptor cells, where
responses to stimuli vary only in terms of intensity, from
a central opponent zone, where the responses can change in
polarity also. Photoreceptors come in two basic groups:

-rods, which are not spectrally selective, and are
associated with the low intensity, low resolution,
colourless (scotopic) vision that occurs at low
illuminations as in twilight, and

-cones, which are spectrally selective and require
somewhat higher levels of stimulation to fire producing
full colour (photopic) vision. The cones are particularly
concentrated into an area in the centre of the retina
containing the fovea and about 2° of visual angle in
extent, where colour vision has the highest sensitivity
and acuity (J.J.Sheppard,1968). There are three types of
cone which appear to respond maximally to wavelengths of
around 440, 530 and 570nm, and are often referred to as
blue, green and red cones respectively (figure 5.1).
However, the differences between their spectral
sensitivity curves (especially between 'green' and 'red')
are quite slight, and have to be magnified in later
processing (DevValois and DeValois,1975). 'Bumps' in these

curves are unlikely to relate to any significant
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Figure 5.1 COLOUR VISION: ZONE THEORY
RODS CONES
'Blue' 'Green' 'Red'
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Solid lines indicate connections of one polarity and
dashed lines indicate connections of the opposite

polarity.
Wasserman,

The core of this model is derived from
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differences in the conspicuity of different wavelengths,
as it would seem that their occurrence varies with

conditions and between individuals.

The outputs from these receptors are relayed by optic
nerves to the lateral geniculate nucleus (LGN) of the
brain, where three sets of opponent mechanism are thought
to be located. One system, utilising summed cone and rod
information, transmits an achromatic (white to black)
signal associated with brightness perception to the visual
cortex. The other system involves two two-pole chromatic
signals,. the polarity of which changes with wavelength
between 1) yellow and blue, and 2) red and green
respectively. The red/green pairing, for example, is most
active at 500 and 640nm, where the differences in
sensitivity between the two sets of cones are greatest.
These chromatic signals are associated with hue
perception, while saturation is dependent on the
relationship between the outputs of the two (chromatic and
achromatic) systems. -Thus the three perceived dimensions
of colour space can be £raced physiologically. The
brightness signal is 'spatially opponent' and derives from
relative intensity information (spatial brightness
contrasts in the visual field) while the
spectrally-opponent chromatic system signals the absolute
intensity of colour. This, according to DeValois and
DeValois (1975), is well adépted to a reflective world of
light and shade whose sun has relatively invariant

spectral characteristics.

However, the long-recognised phenomenon of colour
constancy, whereby reflective objects appear to maintain
their hue under illumination of differing spectral
composition, has been investigated in long-term research
by Edwin Land (Land,1977; BBC/Mollon,1985). He has
suggested that the important factor in colour vision is
the pattern of relative lightnesses across the visual
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field recorded by each of the cone systems, with each
local signal scaled by the character of the illumination
over its wider context. Recent neurophysiological work
has shown how this might be possible, and thus modified
and amplified the view of how this information is then
represented to the visual cortex of the brain. Zeki
(1977) first found evidence that brightness and colour
information are stored in separate cortical 'maps'.
Stimulated by Land's work, he has since discovered in the
primary visual cortex (V1) double-opponent cells (i.e.
pboth spatially and spectrally opponent, and thus capable
of integrating colour information) which he suggests sort
the messages received and forward them to the specialised
sectors dealing with brightness, colour and movement which
he had previously discovered.

Thus there is a physiological basis for the separate
processing of achromatic and chromatic signals. As noted
above, this is effectively assumed by most of the applied
psychology literature which treats brightness and 'colour'
as separate coding variables. Colour constancy also
points to the significance of the adaptation of the eye to
the stimulation of the total visual field, responding to
light in some 'average' way which has been compared to
selecting a camera 'stop. Adaptation can occur at a
hierarchy of levels from the total illumination of the
visual field down to local effects with features
subtending only 1° or mdre (Hunt,1979). The adaptation
level of a particular viewing context may become a neutral
reference point from which perceived contrasts are

measured (Cox,1973).

5.2 Colour Classification

As many thousands of colours can be discriminated by
the human eye in juxtaposition, some form of
classification is clearly required. While many different
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systems have been devised (Imhof,1982, chapter 4;
Agoston,1979, chapter 8), they can be grouped into two
basic categories- psychophysical (or 'objective') and
psychological (or 'subjective').

In psychophysical colour measurement the definition of
colours is based upon primary colour mixing, as on
printers' colour charts, with colour scales devised
technically (e.g. 10% tint intervals) rather than
perceptually. The most comprehensive system of this type
was defined by the Commission Internationale de
l1'Eclairage (CIE) in 1931, with three primaries known as
X, Y and Z. These are slight mathematical transformations
of red, green and blue (which can be mixed in light to
produce any spectral hue) such that their values will
always be positive across the whole range of colours. The
CIE 1931 Standard Observer is defined by the amounts of
each primary required for the average eye to match the
wavelengths of the spectrum (colour-matching functions) in
specified viewing conditions. The y colour-matching
function is also known as the CIE photopic luminosity
curve as it defines the level of brightness evoked in the
visual system by a given amount of radiant energy of each
wavelength). The function peaks in mid-spectrum (555nm)
where it reaches its maximum luminous efficiency of 680
lumens per watt (figure 5.2). The composition of any
colour can be determined by a spectrophotometer which
measures the amounts of each primary (known as tristimulus
values) present. Using a standardisation procedure where
each tristimulus value is divided into the sum of the
three values, chromaticity coordinates x, y and z are

derived.

As these sum to 1, the chromaticity diagram, defining
all realisable luminous colours for a given level of
luminance, can be plotted usiné just the x and y
coordinates (figure 5.3). Each point in the diagram
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Figure 5.2 THE CIE PHOTOPIC LUMINOSITY FUNCTION
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represents a 'shadow series' of colours of constant
spectral composition but varying luminance. As the
perception of surface colours varies with lightness (so
that colours such as brown which do not exist in light can
be seen), a third dimension is needed to define surface
colour space, and this is provided by the Y tristimulus
value which represents the luminous reflectance of the
surface. Thus the x,y,Y surface cblour solid is defined,
the three axes being orthogonal.

The shape of this solid is defined by the MacAdam
Limits- the maximum brightnesses theoretically attainable
by a non-fluorescent surface colour of a given
chromaticity, calculated by assuming perfect (100%)
reflectance over the range of wavelengths required to
produce that chromaticity (MacAdam,1935). Colours at
these limits are known as 'optimal colours'. Here there
is an inverse relationship between brightness and
realisable saturation, because of the selective absorbtion
of ranges of unwanted wavelengths necessary to produce a
saturated colour. Thus the MacAdam Limits retreat
progressively further within the curve of maximum
saturation, like a contour map of a round-topped hill, as
lightness is increased. With lights too, high luminosity
colours appear to be less saturated: no yellow light
appears as saturated as a red or blue one of the same
purity and luminance (DeValois and DeValois,1975).

Luminous colours do not exhibit 'lightness' and two
dimensions are sufficient to define each colour uniquely
in CIE terms. However the colour perception can still
vary with luminance and marked hue shifts have been
observed (the Bezold-Brficke effect). CIE colours can
alternatively be specified by their perceptual
characteristics in terms of dominant wavelength,
luminance/reflectance and purity (figure 5.3). However,
although luminance is mathematically related to subjective
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brightness (Stevens and Galanter,1957) and purity to
saturation, the gradations on each scale do not form
perceptually equal steps. Various non-linear transforms
of tristimulus values have been used to produce a
psychologically-based system with perceptually uniform
colour scales (UCS). One such is the 1964 u* v* w*
system, developed out of the 1960 UCS diagram (Padgham and
Saunders,1975), which incorporated the concept of the just
noticeable difference. Two further refinements were
presented by the CIE in 1976- the L* a* b* system
recommended for surface colours (CIELAB space), and the L*
u* v* system recommended for luminous colours (CIELUV
space). In the latter, the plane of chromaticity for
luminous colours is defined by u' and v', which are
calculated from the tristimulus values, and from which
figures for the perceptual attributes (hue, saturation
etc.) can be derived. While no simple Euclidean space can
perfectly match unifofm'colour space for given observing
conditions, L* u* v* is probably the closest workable

approximation (Shellswell,1976).

Of the other psychological colour classifications the
Munsell system, first used in 1905, is by far the most
common. In this scheme the three dimensions of perceived
colour, named hue, .value and chroma, are divided into
perceptually equal spacings. These were recalibrated in
the 1940s on the basis of 3 million ratio estimates of
colour difference (Newhall et al.,1943). A painted card
('colour chip') is produced for any physically realisable
surface colour at a given interval on each dimension.
Thus a 3-dimensional colour solid can be produced with
value forming a grey scale on the vertical axis, while
chroma increases radially and hue varies around the
circumference (figure 5.4). This is effectively a
cylinder, and the specifications are effectively
cylindrical polar coordinates. However the resulting
shape resembles more a double cone, as because of
limitations imposed by pigments the maximum realisable
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Figure 5.4 MUNSELL COLOUR SPACE
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The dependency of the distinction between two colours of a
given hue separation upon their chromas can be seen by
comparing the length of AB and A'B’'.
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chromas decrease towards the extremes of the value scale.
Munsell specifications are assigned to colours by visual
comparison with the standard chips in specified daylight
conditions. The system is therefore particularly useful
for choosing surface colours, and variants of it are also
used for colour choice on self-luminous electronic
displays (e.g. the Tektronix HLS (hue, lightness,
saturation) colour model). '

However, even with standardised viewing conditions, no
colour classification system can take into account all the
perceptual variables involved. Two surface colours with
the same hue, lightness and saturation are not necessarily
seen to be identical (Beck,1975). Factors such as the
glossiness of the finish can come into play, creating
'colours' such as silver and gold which cannot be uniquely
identified by standard classification systems. Even
within the const