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ABSTRACT 

The Communication of Profile Perspective Maps: 

A Perceptual Study 

by 

Julia E.O. King 

This study examines the communication role of profile 

perspective maps. This three dimensional map has the role 

of displaying comparatively simple models of spatial 

information. The elements of design used to portray 

profiles are hypothesized to influence map perception. Two 

of these variables: profile type and rotation are selected 

for study. 

Map data are represented in profile maps as a series of 

stepped or smooth profiles. Smooth profiles portray spatial 

trends of distributions better than stepped profiles. Bar 

scales accompany profiles to derive more accurate 

estimations of profile magnitude. Stepped profiles are more 

conducive for using bar scales to derive correct estimations 

of magnitude of the distribution. 

Rotation is used to present a spatial distribution ina 

series of maps at different azimuths as three dimensional 

mapping entails some amount of hidden views. The 

probability of correct recognition of congruency between



profile maps, and detection of azimuth direction depends on 

the azimuth used, and complexity of the distribution. 

The number of cartography classes, work experience with 

maps, and class level did not have significant influence on 

perception of profiles. Academic major of the subjects was 

the only Significant variable to influence the 

interpretation of profile maps.
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Chapter I 

INTRODUCTION 

1.1 FOCUS OF STUDY 

A profile perspective map is a three dimensional 

map portraying a spatial distribution in vertical dimension. 

This study deals with the visual perception of profiles, in 

order to evaluate the role of this map type in communicating 

information of spatial trend, magnitude and distribution. 

Certain physical and geometric properties structure the 

appearance and presentation of the profiles. Some of these 

map properties may have significant influence on map 

perception in both ease and success of deriving accurate 

information from the map. The quality of communication in 

relation to the role of the profile map is assessed by 

measuring the influence of two properties of profiles in map 

reading tasks. These properties are azimuth/rotation and 

profile surface type, considered to be the two of the most 

relevant principles in the design of profile maps.



1.2 THE ROLE OF PROFILE MAPS 

Maps are designed graphic objects. Graphicacy is a visual 

expression of intelligence, and like literacy, numeracy and 

speech, is a basic mode of communication (Balchin, 1976). 

The map maker has the task of finding an effective medium to 

transmit information through the choice of a map style, 

defined by the Multilingual Dictionary (1973) as "the 

characteristic appearance of a map resulting from the 

purpose and methods of production." 

Maps can be divided into map stores and map displays 

(Taylor, 1975). Map stores are source or reference maps of 

detailed information requiring relatively longer times for 

interpretation than for map displays which are used when 

quick reference is required. Map displays make quick 

reference possible at the expense of detail, resulting in 

greater generalization and lesser map accuracy. Information 

from such maps is not expected to be as specific as that on 

source maps. With the main role of eliminating detail, 

exaggeration is not a rare practice to present the data. 

However no matter how generalized the map message, the 

display map must be precise and reliable in its own right. 

Map displays are used in texts, magazines, advertising, mass 

media, recreation, teaching, exhibitions, management and 

planning and decision making as in Geographic Information



Systems. Such maps are unique in their easing of 

visualization and memory by presenting simple models of 

information. They portray the rejection or acceptance of 

fact or conjecture by illustrating change, movement, 

distribution and functional relationships not apparent or 

easily deduced from statistical figures and written text. 

Three dimensional maps such as profile maps are display 

maps. The display role of this map influences its design in 

terms of scale, classification of data and graphic elements 

and symbolism as elevated projected profiles. Profile maps 

in this study are flat figures on a two dimensional surface 

plane, but are called three dimensional to distinguish them 

from conventional planimetric maps. Unlike the latter, which 

use symbols to depict vertical magnitude in the horizontal 

dimension of two dimensional display, three dimensional maps 

portray height in vertical dimension, imitating surfaces 

seen in real life (Jenks and Brown, 1966). Profiles have 

increased in utilization mainly due to computer assistance 

which makes design and production less tedious, less time 

consuming, and less expensive. 

Profile perspective maps have either stepped or smooth 

surfaces (Figure 1). Profile maps present the surface as 

viewed from a position in space called the vantage or view 

point, with a specific azimuth, elevation angle and distance



from the surface (Muehrcke, 1978). A profile is a vertical 

section of a statistical or natural ground surface along a 

fixed line ranging in appearance from histogram to line 

graph. The profile traces are superimposed in relative 

position to one another by projection into a single 

perspective drawing. Stepped profiles appear as three 

dimensional models of a series of histograms, while smooth 

profiles result in a three dimensional form of a series of 

line graph profiles. Projection shows those sectors of more 

distant profiles that are not obscured by profiles nearer to 

the observer. 

1.3 JUSTIFICATION FOR STUDY 
  

Early practices of excluding the needs of map users and 

expecting instant acceptance of new cartographic products 

have changed with the realization that the cartographer and 

percipient are not independent of each other (Taylor, 1983). 

Profile maps have rarely been studied compared to other map 

types especially planimetric thematic maps. Profile 

perspective maps need to be evaluated in terms of whether 

the map style functions in the manner intended. Literature 

has dealt only rather generally with the perspective three 

dimensional map. Like the mass media's thriving on feedback 

from its recipients, cartography needs such feedback to 

ensure effective mapping.



  
Figure 1: Smooth and Stepped Profiles 

Settlement in North Dakota 

Azimuth: 315 Altitude: 45



The work of the cartographer is not complete until he 

evaluates products to ensure productivity, that is transfer 

of the correct intended information. Limits can be set on 

the use of a map design physically and Perceptually. 

Physical limits on profile maps have been greatly removed by 

the availability of computer assistance. Perceptual limits 

on profiles in terms of reaction to the map is tested for in 

this study. The main contributor to the evaluation of a map 

is the user, through his interpretation of information 

received during map reading, known as map perception. Map 

perception is defined by Keates (1982) as map reading with a 

comprehension of what the map is about. The 1950s marked the 

beginning of psychological testing measuring map user 

behavior to formulate principles of design (Petchenik, 

1983). However, it must be stressed that in cartography, 

the map is the main object of study. Perceptual exercises 

are merely tools to show what and how particular elements of 

the map affect communication (Olson, 1979; Gilmartin, 1981). 

Each property of a map has to be tested to determine its 

role in the effectiveness of that map. Map effectiveness is 

the success of a map type in allowing easy examination of 

the data and in the drawing of acceptable conclusions. 

Without excessive effort and within a reasonable period of 

time, a map user should be able to receive and process map 

messages.



Rotation and the surface type of the profiles are two 

prominent properties of the profile map. Rotation is used 

in both animated and hard map form, to present the profile 

map to the user. Rotation can affect the interpretation of 

maps at different azimuths. The map surface, either 

stepped or smooth profiles, is the form of symbolism used to 

represent the data. Each profile type has a particular 

advantage over the other in certain display roles. This 

research focuses on the significance of rotation and profile 

type in the perception of profiles. 

In summary the three dimensional map is a product 

representing an intuitive attempt to be imaginative and 

creative (Taylor, 1983: 291). The objective of profile maps 

is to simplify the visualization of spatial information 

compared to that of planimetric maps (Jenks et al., 1971; 

Muehrcke, 1978; Dudycha, 1981; Robinson et al., 1984). 

There is a significant increase in the use of profile maps 

and widening scope of design with information coded in color 

and symbols overlaid to enhance its form (Brassel, Little 

and Peucker, 1974; Junkin, 1982). As the field of 

cartography grows, so will the need for the cartographer's 

sharp insight and intuitive judgement. This insight will be 

improved by using the psychophysical and cognitive bases 

underlying the perception of maps to test the communicative



qualities of maps. The potential of profiles as a mapping 

technique is therefore tested to contribute to the field of 

cartography.



Chapter II 

DESIGN PROPERTIES OF PROFILES 

The properties of the profile map are classified into two 

types, geometric and physical. Geometric properties of the 

map are the configurative techniques used to arrange and 

portray the data like smoothing, angle of elevation, 

vertical exaggeration, projection and azimuth. Physical 

properties are the results of the geometric procedures, 

being the visible drawn features of the map, for example, 

profile lines making up the surface on the profile map. 

Cartographic research has rarely examined the influence of 

each map property on map interpretation tasks to reveal the 

nature of communication by profile maps. Below are 

descriptions of the geometric and physical properties of the 

profile map. 

1. Grid matrix - Construction of profiles involves a 

matrix overlay on the x,y coordinates of the base map to 

derive spot heights (z values) which when projected with x,y 

coordinates will portray the vertical dimension of the data 

above the map's plane. Detail on the profile surface 

decreases with an increase in the grid cell size because 

interpolation excludes more values.
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2. Smoothing - Smoothing may also be a part of the design 

process. It can help aesthetically by decreasing detail on 

complicated and detailed profile surfaces (Figure 2). 

Smoothing can have negative effects resulting in map 

distortion. For example, the extreme of smoothing is a flat 

plane. 

3. Angle of Elevation - The angle of elevation is 

measured between the horizontal plane and an imaginary line 

of sight. At the extreme altitudes of O and 90 degrees, 

vertical and horizontal dimensions are derived (Figures 3 

and 4). Between these two extremes (Figure 3) an oblique of 

the vertical dimension is achieved (Crawford and Marks, 

1973). 

Profile slopes form due to the elevation angle as angular 

relationships (Figure 4) between the line of sight and 

horizon. As the angle between the horizon and line of sight 

increases, depth, relief, slope and blocking increase 

(Figures 3 and 4). Blocking is defined as the effect 

resulting from overlapping profiles causing others to be 

obscured from the observer's view. 

4. Vertical Exaggeration - This alters all angular 

relationships involving the vertical dimension (Figure 4). 

It is calculated as the ratio between the vertical scale and 

horizontal scale.
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    SMOOTHINGS = 3 

Figure 2: Effect of Smoothing on Profiles 

% Of Year Round Housing built before 1939 in Arizona 

Azimuth = 45° Altitude = 45°
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MEDIAN RENT IN ARIZONA, 1979 
AZIMUTH = 315 ALTITUDE = 9 

MEDIAN RENT IN ARIZONA, 1979 

AZIMUTH = 315 ALTITUDE = 4S 

MEDIAN RENT IN ARIZONA, 1979 

AZIMUTH = 315 ALTITUDE = 75 

Effect of Altitude on Profiles 

Median Rent In Arizona, 1979
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As vertical scale increases in proportion to horizontal 

scale, blocking of profiles increases. Vertical exaggeration 

is significant in distorting surfaces and affects accuracy 

in the perception of the profile map (Figure 5). 

Statistical and physical surfaces differ in that statistical 

data are abstract measurements and therefore have no real 

vertical exaggeration. Physical surfaces exist in true 

measurable visible form, with vertical height expressed in 

the same units as the horizontal ground. Physical surfaces 

generally require vertical exaggeration to achieve a 

pronounced view, partly because in reality the vertical 

dimension of the surface appears flat and insignificant in 

relation to the horizontal. Map viewers tend to view 

undulating surfaces of statistical data like those of 

physical surfaces, resulting in the former having an 

‘apparent vertical exaggeration’ (Worth, 1978: 86). 

A test to determine a suitable vertical scale, showed map 

users preferred the length and height of statistical 

profiles in the ratio of 1:0.292 (Worth, 1978: 90). Figure 5 

illustrates profiles in a range of three vertical scale 

ratios used in Worth's experiment. 

5. Projection - Two common forms of perspective in 

profile mapping are isometric (parallel) and central 

(conical). In isometric projection, elevations are projected
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in parallel lines from vantage points to the picture plane 

(Figure 6). Regular spacing of the scale allows more 

accurate comparison of height and length on the map (Jenks 

and Brown, 1966). Central (conical or angular) perspective 

is the image that photographs present. From one vantage 

point the objects get smaller and converge giving the 

appearance of distance (Muehrcke, 1978: 31). This variable 

reduction in their apparent scales is known as 

foreshortening (Figure 7). Isometric perspective may be 

inferior to central perspective in oblique form, (Figures 6 

and 7) because the background seems to be tilted forward and 

parallel sides give an illusion of divergence, resulting in 

an unrealistic image (Muehrcke, 1978). 

6. Azimuth - This is the direction the profile map is 

rotated, expressed in degrees clockwise from a reference 

direction, for example north at O degrees. 

7. Line Structure - The profile map is symbolized by a 

series of lines forming a stepped surface of prisms or 

smooth surface of peaks and valleys. The profile lines can 

be drawn in one direction, for example along the rows, 

columns or diagonally across the transformation matrix, or 

in two directions as a fishnet pattern (Figure 8). Azimuths 

of profile maps determine the choice of row, column or 

diagonal profiles.
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To a point, the closer the spacing of the lines, the more 

informative the map is, with less missing data values 

between the space of the profile lines (Worth, 1978b). 

Fishnets therefore may be a suitable line pattern, but may 

be too busy for use with overlays of spatial information. 

2.1 SURFACES OF PROFILES 
  

Smooth or continuous profiles are constructed from the 

data presented by matrices superimposed on isoline maps. 

Stepped profiles are constructed from choropleth or proximal 

base maps. In both forms of classification zones are mapped 

instead of isolines with a value assigned to each zone. In 

proximal classification, the zones are not based on pre 

existing boundaries as in choropleth mapping. By a search 

process around each point that is to be mapped, the point is 

given the value of the control data point nearest to it 

(Campbell, 1984: 380). The stepped profiles result as a 

series of polygons called Theissan polygons, each centered 

on one data value. 

Attempts to increase the quality and role of profiles 

include the addition of a vertical bar scale of values 

alongside the profiles allowing for the determination of 

values at locations on the map. Worth (1978b) stresses the 

need for height scales, stating that in effect three 

dimensional maps are no more than three dimensional graphs.
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Figure 8: Line direction of profiles 
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Zi. 

Zeked Trend Surfaces 

Trend surfaces are simple display maps (Figure 9). They 

derive this name from their role of showing flow and 

direction of change in one or more directions. Direction is 

a fundamental concept in cartography to describe relative 

location and spatial patterns (Monmonier, 1979: 45). Normal 

profiles may display a considerable amount of undulation 

from a diffuse range of values (Campbell, 1984), but the 

trend surface map is a comparatively simple surface to 

describe graphically the profile surface distribution. It is 

based on a_ statistically derived equation to explain 

variations in a given set of data values (z values) 

distributed either regularly or irregularly in x,y space. A 

‘least squares' criterion is used in interpolating, meaning 

that the surface is fitted to data values in such a way that 

the sum of the squared deviations between given values at 

data points and z values of the computed surface is 

minimized (Dougenik and Sheehan, 1975: 37) 

The calculation of values for trends is based on a 

classification of order to determine the level of detail. 

The higher the order, the closer the correspondence between 

the variation in the trend values and the actual z values. 

Lower order trends eliminate unimportant local trends from 

those major ones existing over a larger area (Figure 9), and
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that feature is often more significant than the improved 

surface fit. 

2.2 AZIMUTH AND ROTATION 
  

The principal disadvantage of the profile map lies in the 

same visual form from which it derives advantageous 

Characteristics as a display map. Complete vision of the 

entire map is usually sacrificed to bring out the vertical 

dimension. As discussed previously, blocking occurs, with 

higher elevations hiding some lower elevations. Also the 

slopes in the foreground tend to be emphasized with slopes 

progressively further away from the viewer becoming less 

pronounced, smaller and appearing closer together. This 

effect (foreshortening) is stronger for profiles drawn in 

central perspective than for those in isometric projection. 

One partial solution to such problems is the selection of a 

suitable azimuth. 

Azimuth selection aids in reducing blocking to a minimum. 

A view is chosen that will show the maximum amount of mapped 

information. In cases of detailed and intricate surfaces a 

single azimuth may be inadequate to view most of the spatial 

distribution. A remedy is to show different views of the 

map, resulting in a series of profiles at different azimuths 

that present the whole image (Figure 10).
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Figure 10: A Spatial Distribution at Different Azimuths 

% Of Year Round Housing built before 1939 in Arizona
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Rotation may cause map readers not to recognize maps 

containing the same data viewed from different azimuths. The 

more complicated the figure of the map, the harder it would 

be to distinguish differently oriented maps (Howard, 1982: 

571). On a conventional planimetric map, rotation affects 

only the horizontal dimension of the map with its features 

assuming new positions relative to coordinates (Figure 11). 

In three dimensional mapping rotation affects the 

vertical dimension of the map and therefore the map cannot 

be either physically turned or the readers neck craned to 

orient the map as with planimetric maps. The pattern or 

shape of the map changes because transformation changes the 

angles, directions and relative positions of the features on 

the map in relation to the viewer. In central projection, 

foreshortening makes such rotational transitions even more 

pronounced. As the angular difference between two rotated 

maps increases, so does the difficulty of performing 

recognition and rotation tasks. 

When a person attempts to recognize a particular 

object, he must recall certain of its features 

from memory. When comparing two objects the 

relevant features of one of the objects need to 

be committed to memory for only as long as it 

takes to inspect the second object, make necessary 

adjustments for any relative orientation and
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decide about the similarity of the two objects 

(Howard and Templeton, 1966: 320). 

Perception of the shape of disoriented figures entails 

the process of interpreting or coding the figure to find 

physical cues. In the case of profile maps, the cues are the 

peaks and valleys of the profile surface. There is some 

controversy as to how map information is interpreted in 

performing recognition tasks of rotation. One theory is that 

objects are interpreted in the form of propositional models 

or as structured descriptions. Such descriptions are 

abstract structures expressing precise relations between two 

entities (Kosslyn and Pomerantz, 1977: 55). Examples of 

these 'symbolic representations' (Minsky, and Papert, 1972) 

in profiles are peaks or depressions on the smooth or 

stepped surface ‘opposite to', ‘'above', ‘in line with', or 

"to the left of' other profile peaks and/or depressions. 

Structured descriptions are not always linguistic structures 

as they may lack verbal labels (Kosslyn and Pomerantz, 

1977). 

Another theory states that objects are interpreted as 

images (Steinke and Lloyd, 1983; Shepard and Metzler, 1971; 

Howard, 1982). Mental images are described as analogues 

(Howard, 1982) or ‘pictures in the head' (Kosslyn and 

Pomerantz, 1977: 54). Test results have shown a direct
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relationship between recognition time and angular difference 

between two objects, proving that maps are coded into images 

for mental rotation, in respect to a frame of reference or 

to another object serving as a fixed reference (Howard, 

1982: 567). 

A third theory states that either ee or image 

coding can be used for abstract and physical objects 

respectively (Piavio, 1965). Perception involves a range of 

interacting mechanisms at various levels in the nervous 

system (Howard, 1975; Palmer, 1977), which may require the 

appropriate choice of either analogues or descriptions 

necessary and convenient for the individual. 

2.2.1 Perceptual Studies of Rotated Figures and Maps 
  

Mirror images of a map in rotation tests rather than maps 

of different spatial distributions are to prevent the use of 

local features not present in each rotated map to make 

judgement of congruence. Mirror images force subjects to use 

mental rotation to identify similarities in rotated maps 

(Shepard and Metzler, 1971: 702). 

Studies show that as an object become increasingly 

rotated away from the azimuth of another, it takes longer 

for the percipient to rotate one of the objects into the 

desired frame of reference to compare with the other object
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because of the change in the shape of and pattern on the 

object. In a study by Shepard and Metzler (1971) subjects 

claimed they recognized pictures at different azimuths by 

mental rotation. They imagined one object rotated into the 

same orientation as another. There were 96 Y% correct 

responses involving the recognition of pairs of twisted 

cubes with angular differences in two types of rotation. 

Rotation was either in depth about an axis at right angles 

to the picture plane, or rotation about the plane of the 

picture (Figure 12). 

Time to identification varied between 1 second when the 

pair of objects was in the same orientation to 4 to 6 

seconds when they were 180° apart (Figure 12). There was no 

significant difference in time for the two types of 

rotations. 

Another study (Steinke and Lloyd, 1983) also showed 

reaction time increasing with increase in angular 

difference. Their study extended to maps with azimuths of 

over 180°. Beyond 180°, reaction time was found to decline 

to a minimum at 360° similar to that of O° (Figure 13) 

because subjects rotated the image in the closest direction. 

After 180°, a clockwise rotation instead of counter 

clockwise was used, having an equivalent of the 

corresponding azimuth direction between O and 180°.
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Examples of pairs of perspective 
line drawings presented to the subjects. 

(A) A “same” pair, which ditfers by an 
80° rotation in the picture plane: (B) a 
“same” pair, which differs by an 80° ro- 

tation in depth: and (C) a “different” 
pair, which cannot be brought into con- 
gruence by any rotation. 
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Two other tests in which subjects had to decide whether 

an alphanumeric character was its normal or mirror image 

version (Cooper and Shepard, 1973) and if two hands were the 

same or opposite laterally (Cooper and Shepard, 1975) also 

showed a relationship between reaction time and degree of 

similarity in orientation. 

None of the studies discussed above were based on three 

dimensional profile maps. These studies concentrated on 

analysis of reaction time, none went a step further to ask 

for the azimuth direction of rotated objects. This study 

concentrates on the pattern of performance in use of 

profiles with angular difference from a reference map. 

Performance is measured in terms of how well the individual 

can judge congruency and state the azimuth direction of 

rotated maps. 

In summary two relevant properties affecting the design 

and use of profiles are highlighted for an exploratory study 

of the role of profiles. These variables are surface type of 

profiles and rotation. The difference between stepped and 

smooth profiles in the use of profiles for map tasks of 

detecting spatial trend, and estimating magnitude with the 

use of vertical scales is one part of the evaluation 

exercise. The effect of rotating profiles to different 

azimuths in tasks of recognizing congruency and detecting
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direction is the other part of the study. All four aspects 

of the study: trend, magnitude, congruency and direction 

are the themes of the spatial information portrayed by 

profiles.



Chapter III 

METHODOLOGY 

This research examines the nature of communication by the 

profile perspective map. Map users respond to maps through 

visual characteristics of the stimuli. Communication as such 

is affected by physical and geometric parameters regulating 

the appearance of the map. Two of these parameters were 

isolated for a study of their influence on the perception of 

the map. The first was a physical characteristic, stepped or 

smooth profile surfaces. The second parameter was geometric 

in character, looking at -the effects of rotation with a 

series of maps from different azimuths. All other parameters 

affecting map form were held constant to prevent confounding 

variations other than these two properties. 154 students 

were used to conduct the test. Error rate of correct and 

incorrect response was the dependent variable used in 

analysis. 

3.1 SPATIAL TREND OF PROFILES 
  

The test consisted of three sections. In the first 

section smooth profiles were compared with stepped profiles. 

The relevant graphic difference was their surface symbolism. 

The experiment tested whether smooth profiles were more 

34
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Significant for determining the spatial trend of map 

distributions because the profiles change continuously. 

Stepped profiles create abrupt changes on the surface, and 

disrupt the smooth transition of surface changes, therefore, 

were regarded hindering the task. Trend surfaces appearing 

as simple, smooth profiles suggest a better comparison with 

smooth profiles than stepped. The procedure to evaluate 

this hypothesis consisted of five profile maps and five 

first order trend models. Subjects were asked to choose the 

trend surface model that best portrayed the spatial 

distribution of each profile map. 

Sa AZIMUTHAL ROTATION OF PROFILES 
  

The second section of the experiment observed the effects 

of rotating profile maps. A spatial distribution was 

presented in a series of maps from different azimuths to 

portray varying views of the distribution. In the test, 

seven maps were viewed. One of the maps acted as a frame of 

reference (anchor stimulus) with its azimuth given in the 

legend. The other six maps portrayed the same distribution 

as the anchor stimulus, rotated at different azimuths. 

However three of these maps were mirror images of the anchor 

stimulus. The maps were presented in random order. Test 

participants had to choose the three maps that depicted the
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same distribution as the anchor stimulus and give the 

azimuth direction of the three maps. This test was performed 

twice using a simple and complex profile map. These differed 

in the amount of variation, intricacy and detail in both the 

spatial data values and in the shape of the map area 

boundary. 

A final test on the effect of rotating profiles required 

the use of actual 7 data. The question asked for the 

correlation between the spatial distributions of two maps at 

different azimuths. Subjects needed to use the stated 

azimuths of both both maps to rotate the maps to a common 

azimuth for comparison. 

In summary this experiment identified whether subjects 

could use similar maps irrespective of the disorienting 

effect of rotation to different azimuths. 

3.3 DISPLAY OF MAGNITUDE ON PROFILES 
    

The third section of the test was another comparative 

study of stepped and smooth profiles. In this instance it 

examined the acquisition of z values from maps. The test 

attempted to prove stepped profiles more conducive to the 

acquisition of data values than smooth profiles. The shape 

of the prisms with distinct sides and flat tops was 

hypothesized to allow easier and more accurate estimation.
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The continuous surface of the smooth profiles was 

hypothesized to cause more difficulty in calculating the 

magnitude of values. Rear portions of the continuous surface 

not possessing distinct sides like prisms, suggested more 

difficulty in gauging magnitude or height of the profiles 

To analyze the role of profiles in giving value 

magnitude, maps of the same spatial distribution were 

presented from different azimuths. With the use of a 

vertical bar scale of values, subjects had to give the 

values of six specified locations on the three maps. The 

inclusion of bar scales was to allow ratio scaled value 

estimations rather than ordinal measures (high, low, equal 

to, greater or less than) The six locations marked with 

labelled dots were located in the front, middle and 

partially hidden profiles of the maps (Maps 22 - 24: 

Appendix A). Some locations necessitated subjects to refer 

to more than one map to derive answers. Locations that could 

be seen clearly on some maps were deliberately marked on 

obscure views to force subjects to find the best view. This 

task further identified the communicative capabilities of 

the profile map in relating information of a distribution 

presented at several different azimuths.
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3.4 CHARACTERISTICS OF TEST SUBJECTS 

A total of 154 students participated in the test. The 

subjects were all undergraduates ranging between the age of 

seventeen and twenty four years. Students were used in the 

test because of the possibility of getting a large sample in 

one session and because of their willingness to participate. 

The nature of the test also required a group such as 

students who possessed a fair amount of background 

experience in fast study and learning. Finally, students 

were used because they were a group likely to use such maps 

in classes, future occupations and hobbies. The students 

came from a range of backgrounds in terms of academic 

majors, and most had not taken any cartography courses 

(Table 1). 

3.5 MAP DESIGN AND QUESTIONNAIRE 
  

The profile maps were generated by SYMAP and SYMVU 

mapping programs. SYMVU produced stepped and smooth 

profiles from the input data generated on grid matrixes from 

isoline and proximal maps. The latter base maps were 

produced by the SYMAP program. These programs also produced 

the trend surface maps. First order trends were used to 

describe graphically the spatial distribution trend of the 

profiles. At first order, a simple linear surface with a
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TABLE 1. 

Characteristics of Test Participants at Virginia 

Polytechnic Institute and State University 
GENDER 

Female 42 

Male (one rejected) 112 

N = 154 
MAJOR 

Geography 23 
Engineering 36 

Architecture, Urban studies, Earth sciences 24 

General Arts and Science 29 

Maths, Computer Science, Physics, statistics 20 
Social Sciences & Business studies 21 

CLASS LEVEL 

Freshmen 15 

Sophomores 47 
Juniors 45 

Seniors 46 

NO. OF CARTOGRAPHY COURSES TAKEN 

O 100 
1 28 
2 or more L2 

SELF RATING OF CARTOGRAPHIC EXPERIENCE 

1. Poor, seldom used 40 

2. Below average 25 

3. Average 42 

4. Above average 35 

5. Major part of studies/work 10 

SOURCE OF MAP EXPERIENCE 

Cartography classes 
Geology, surveying, geography, research 

High school, personal interest and activities 

Job occupation, media, road maps 

Military 

(27. 
(72. 

3%) 
i) 

subjects 

(15. 
(23 
(15 

(9. 
(30. 
(29. 
(30. 

(71. 
(20. 
(8.6 

(26 

(27 
(24 

0%) 
oy) 
.7%) 

(19. 
(13. 
(4. 

0%) 
1%) 
7%) 

8%) 
7%) 
4%) 
1%) 

O
w
 

.3%) 
(16. 4%) 

. 0%) 
3%) 

(5. 9%)
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distinct, one direction trend was achieved. All of the 

profile maps were produced at a vertical/horizontal scale 

ratio of 1:0.292 in central perspective. The initial 

azimuths of the maps were converted from the SYMVU 

orientation system (Figure 14) to azimuths increasing 

clockwise from 0° at north. 

The test maps were produced from actual data (Table 2) to 

Simulate a real mapping situation. Maps of Virginia 

accompanied instructions, examples and practice questions in 

an attempt to present a familiar map to enhance 

understanding of the test procedure. 

The printed maps and instructions (Appendix A) were 

assembled into fifty booklets. Separate answer sheets 

(Appendix B) were provided with the number on the 

questionnaire recorded to identify the map type used. All 

questionnaires had the same order of questions, instructions 

and position of maps. The only difference was that the maps 

were either smooth or stepped profiles. The first section 

of the test using trend surface maps started with a 

definition and role of trend surfaces and an example of a 

trend surface of a mapped distribution in Virginia. Next a 

practice question (with the answer on the next page) to
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NORTH 
180 

NORTH WEST NORTH EAST 
135 225 

WEST Ws. <—_——___—- EAST 90 270 

4 

SOUTH WEST 
SOUTH EAST 45 

315 

SOUTH 
0 

Figure 14: The SYMVU Azimuth Orientation System 
(Harvard University 1971: 7)
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TABLE 2 

Topics of Test Maps 

Rainfall in Sierra Leone 

Unemployment in Wyoming, 1979 

County creation dates in North Dakota 

Median gross rent in Arizona, 1979 

Population of North Dakota, 1979 

No. of year round housing in North Dakota, 1979 

Housing built before 1939 in Arizona, 1979 

Wine profits in Virginia, 1982-83 

No. of housing permits, Virginia Jan-July 1984 

% (16-64) with work disability in North Dakota, 1979 

Data Sources: 

Gwynne-Jones et al (1978): "Rainfall in Sierra Leone.' 
U.S. Census of Population and Housing (1980). 
U.S. Dept of Commerce: Building Permits (1984).
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select one trend out of four that portrayed the distribution 

pattern of a map of North Dakota was given. Following this 

introductory test came five test questions. 

The section on azimuth rotation also started with 

definitions and role models. A diagram of the azimuth 

orientation system was included to familiarize all subjects 

of how to give directions. Maps of Virginia at 180° (south), 

270° (west), 300° (west north west) and 90° (east) were used 

to explain finding the azimuth direction of a rotated map. 

Next, using a map of Virginia at 180°, two practice tests 

were given that requested the directions of two rotated maps 

of the same distribution. The answers were put on the next 

page with the azimuth angle in parenthesis. 

The first set of profiles mapped simple distributions of 

housing in North Dakota with straight rectangular boundary 

outlines (Figure 15). The second set of maps depicted a more 

complex distribution and boundary outline of housing in 

Arizona (Figure 15). None of the test maps and reference 

maps were portrayed at North, South, East or West as these 

were considered fairly easy azimuths to recognize. Some of 

the azimuths were exactly opposite that of the anchor 

stimulus with 180° difference. Other azimuths were chosen to 

have either less than or over 180° of angular difference 

from the anchor stimulus. The second test had two maps with
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the same angular difference but at different azimuths. The 

choice of such azimuths was to test for effects on map 

reading caused by particular azimuth in relation to another. 

The North Dakota anchor stimulus was set at 120° (ESE). 

The same distribution was rotated at 300° (WNW), 20° (NNE) 

and 225° (SW). The mirror images of this distribution were 

at the same azimuths as the the other three maps at 300° 

(WNW), 120° (ESE) and 20° (NNE). The anchor stimulus for the 

second question was a mirror image of Arizona set at 225° 

(SW). The maps of similar distribution to the anchor 

stimulus were rotated at the opposite azimuth of 45° (NE), 

and 135° (SE) and 315° (NW), both with equal angular 

difference from the anchor stimulus, at 90°. One mirror 

image was at the same azimuth as the reference map 225° 

(SW). The other two randomly rotated to 60° (ENE) and 330° 

(NNW) (Appendix C.2). 

The last test on rotation used two maps of North Dakota 

rotated 120° and 300° depicting population and housing 

respectively. Both maps were presented with a title, 

azimuth and vertical bar scale of values. The maps were 

oriented opposite of each other and had a= positive 

correlation between the distributions. 

The third section of the maps depicted time period of 

settlement in North Dakota, rotated at 40°, 300°, and 225°
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(Appendix A). These three azimuths were selected to give a 

complete view of all sides of the profile map distribution. 

Each map had the azimuth declared and a bar scale of values 

expressed in years. 

3.6 TEST PROCEDURE 

A pilot study was conducted prior to the test using ten 

students from a cartography class. Five smooth and five 

stepped map booklets were used. Changes made following this 

test study included clearer instructions and printing of all 

the maps for each question on the same page to prevent the 

inconvenience of flipping pages. The SYMVU orientation 

system was also converted from south starting at O° to the 

familiar system of O° starting at north as subjects had 

difficulty using a system opposite from regular compass 

directions. Two additional maps were added to the questions 

on rotation. Finally one of the profiles in the trend 

surface section was discarded as it portrayed no distinct 

trend. 

The experiment was conducted in five geography classes. 

One of these classes was a Cartography course. The subjects 

were given at random either of § the two map type 

questionnaires with answer sheets. Before the start of the 

test, subjects were asked to fill in background information
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at the top of their answer sheets. The respondents worked at 

their own paces ranging from twenty-five to forty-five 

minutes. They were instructed not to write on the 

questionnaires. All three sections of the test were done 

without break. One hundred and fifty four answer booklets 

were collected from the five classes. Seventy eight students 

(51%) used smooth profiles questionnaires. Seventy six 

students (49%) used stepped profiles questionnaires. One of 

the stepped answer sheets was discarded as the subject had 

taken part in the pilot study.



Chapter IV 

ANALYSIS OF TEST RESULTS 

4.1 STATISTICAL MEASURES OF RESEARCH 
  

The experiment had three sections: trend evaluation and 

rotation evaluation and determination of values, forming a 

three part analysis. The SPSS statistical package (Norusis, 

1983) was used to calculate and portray results of the 

tests. Two measures: Pearsons Chi square and Analysis of 

Variance were used to test the significance of association 

between variables. At least one of these variables was an 

independent variable, hypothesized to affect a dependent 

variable. In this experiment the independent variables were 

map type (smooth or stepped profiles) and characteristics of 

the test subjects (academic year, course major, number of 

cartography courses taken and map experience). The dependent 

variable was always the response from the subjects, of % 

correct or incorrect answers for the assigned tasks. 

4.1.1 Pearsons Chi square 
  

The chi square test of independence in hypothesis testing 

tested whether the dependent variable (responses to the 

trend, rotation, and bar scale tests) was significantly 

influenced by the type of profile map used for the tasks. 

48
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The null hypothesis set in this statistical test was that 

variables were independent each other. The chi square was 

derived from a comparison of the observed and expected 

values. 

The significance level of the chi square statistic was 

found from a probability table of x? values. The degree of 

freedom calculated as: 

D.F = (r - 1)(c¢ - 1) 

where 

r = number of rows in the table 

Cc number of columns in the table 

was used to determine the probability of a chi square's 

occurring N times out of 100 from a probability table of x? 

values. In this study the significance level was set at 

0.05 to determine whether two variables were independent of 

each other. At 0.05, the probability that a given outcome 

would occur repeatedly would be ninety five out of one 

hundred times with the outcome varying only five out of one 

hundred times. There would only be a five percent chance of 

rejecting the null hypothesis in error. 

Yates Correction for Continuity is the subtraction of 0.5 

from the positive difference of the residuals and addition 

of 0.5 to the negative difference of residuals, before 

squaring and summing (Norusis, 1983: 83). Yates'Correction
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for Continuity was used by SPSS program in cases of four 

table cells, given that the degree of freedom was equal to 

one. Small cell frequencies could cause inflated chi squares 

resulting in higher significance levels, and possibly 

causing distorted results by rejecting the null hypothesis 

in error. This measure was an alternative to the reduction 

of the categories or classes of data to increase the cell 

frequencies. 

The chi square ‘statistic did not portray where the 

differences lay in the results, therefore subdivisions in 

the results had to be examined to find exact areas of 

difference. The two variables were tallied in a bivariate 

table for such inspection. Percentages and residuals of the 

responses were used to find which part of the independent 

variable affected the responses. 

4.1.2 Analysis of Variance 
  

Analysis of Variance was used to test the significance of 

single or combinations of characteristics of the test 

subjects in their performance with the profiles. Variance 

statistics were used to indicate variability in map reading 

behavior of profiles, within a group, (for example, 

geography students) about the group mean, and variability 

among groups between the means of groups (for example,
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subjects with different course majors). The null hypothesis 

of the weed ange statistic was that there would be equal 

performance all of the groups of subjects, meaning that 

group means would be equal. 

To find if significant differences did exist between the 

test scores of groups, due to the advantage or disadvantage 

of certain characteristics of the subjects, the significance 

level of probability of the resulting performance occurring 

was obtained. The significance level was set at 0.05 to 

determine if the hypothesis of the responses from the use of 

the profiles would be similar for all sub groups of the test 

population, by the rejection or acceptance of equal means in 

the null hypothesis. 

4.2 TREND EVALUATION OF PROFILES   

In the first section of the test, trend surface maps were 

matched with profiles. Pearsons chi square was used to test 

the hypothesis that smooth profiles were more appropriate 

for determining overall spatial trend than stepped profiles. 

Map type (either smooth or stepped) was the independent 

variable hypothesized to be associated with the dependent 

variable of response type (either correct or incorrect). 

Results from the chi square measure showed smooth 

profiles to be generally more appropriate for detecting
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spatial trend. Three out of five maps had significance 

levels below 0.05 (Table 3) indicating that map type did 

influence response. The higher percentage of correct 

responses came from the readers of smooth profiles. The 

stepped profiles acquired a higher percentage of correct 

responses for the two remaining maps (3 and 4: Appendix A). 

However the significance level of these two maps was above 

0.05, indicating neither map type had precedence over the 

other in acquiring correct trend estimations. There was an 

equal chance of either map type succeeding. 

In terms of the performance collectively for the five 

maps, the significance level between the map type and 

correct response was 0.1339 indicating no dependence of the 

correctness of responses on map type. There was a better 

performance using smooth maps, even though the differences 

were not significant (table 4). Also "practice did not make 

perfect" as performance did not improve as the questions 

progressed. 

Profile maps as display maps generally accompany some 

form of written and/or oral literature, both interrelated in 

aiding the absorption of information. In spite of the 

absence of text in the test situation, results (table 4) 

showed profiles as an appropriate means of displaying 

spatial trend. Almost half of the subjects (45.1%) had at
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TABLE 3 

Cross Tabulation of Correct Responses in Trend Test 

  

Correct responses: Chi square 

  

  

  

  

  

f I 
| | 
| Frequency Smooth Stepped | D.F 
1% profiles profiles | Significance 
I | 
| | 

| | 
| Map 1 49 20 | 17.67 

| 62.8% 27.4% | 1 
| | 0.0000 * 

| | 
| Map 2 65 46 | 8.4 
| 84.4% 62.2% | 1 

| 8.4 -8.4 | 0.0036 * 

t 
| | 
| Map 3 48 51 | 0.61 
| 61.5% 68.9% | 1 

| -2.8 2.8 | 0.4330 

| | 
| Map 4 37 44 | 2.02 
| 47.4% 60.3% | 1 
| -4.8 4.8 | 0.1563 
| | 
| | 
| Map 5 65 47 | 6.11 
| 83.3% 64.4% | dL. 

| 7.1 -7.1 | 0.0134 * 
l 1 

se
m 

i
 
p
w
 
e
n
 
e
d
 

  

+ Significant relationship between profile type and response



Correct Detection Responses of Profile Trends 
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TABLE 4 

  

  

  

  

  

  

I 1 
| Frequency | 

| % | 
| Residual | 
| Correct responses out of 5 trends | 

| | 
| 5 4 3 2 1 0 
l J 
| | 

| Smooth | 
| Profiles | 
| 11 a9 21 8 4 2 | 
| | 
| 14.1 41. 26.9 10.3 5.1 2 | 

| | 
| 2.3 5. -0.9 -3.2 -2.6 -l1. | 
l J 
I | 

| Stepped | 
| Profiles | 
| 6 20 22 14 9 4 | 

| | 
| 8.0 26. 29.3 18.7 12.0 5. | 
| | 
| «2.3 -5. 0.9 3.2 2.6 1. | 

| | 
| Total 17 52 43 22 13 6 | 

| % 11.1 34. 28.1 14.4 8.5 3. | 
l J 

Chi square 8.43 
D.F 5 

Significance 0.1339
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least four correct trends, and 73.2% recognized at least 

three trends correctly. In conclusion both profile types can 

portray overall surface trends, however there is the higher 

chance of achieving a higher rate of error in determining 

trend of stepped profiles. Smooth profiles are more 

appropriate for the communication of trend of a _ spatial 

distribution. The stepped profiles surface had the tendency 

to disrupt the flow of the distribution. Trend surfaces 

appearing as simple smooth surfaces could cause better 

pairing with smooth profiles than stepped, showing the 

former's advantage in depicting a continuous trend and 

spatial distribution of data values. 

Often the cartographer has no choice in the type of data 

classification. The nature of the data is either continuous 

or not, and should not be mapped incorrectly. When there is 

an alternative of using either continuous or discrete 

classification, and the main role of the map is to display 

trend, it is recommended that smooth profiles be used. 

4.3 THE EFFECT OF ROTATION ON PROFILES     

The rotation test provided a two part task: recognizing 

congruency between maps and stating the azimuth direction of 

the maps. Each of the two tasks was repeated twice using a 

simple and complex set of profiles.
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The test subjects performed well in recognizing maps that 

portrayed the same distribution as the anchor stimulus for 

both simple and complex profiles. The azimuth of the anchor 

stimulus was considered as O° to analyze the effect of 

angular difference on the other maps. 

In the congruency test using the simple profiles, the map 

with the smallest angular difference had a comparatively 

higher percentage of correct responses than a map with only 

five degrees more rotation. However the best results of the 

three simple maps were acquired from the map with the 

largest angular difference of 180° (Table 5). 

The pattern of response for the complex profiles was 

similar to the simple maps. The highest percentage of 

correct responses were acquired for the map with 180° 

angular difference. The best responses stemming from the 

180° difference were probably due to the view being more 

easily recognized, being clearly seen as the exact opposite 

of the reference map. Further evidence of the advantage of 

the profile with 180° angular difference was that for both 

simple and complex profiles, most of the subjects with two 

out of the three simple maps correct, gave the map with 180° 

angular difference as one of them (Table 6). 

Subjects did just as well for the two complex profiles 

rotated at equal azimuth from the anchor stimulus (Table 5).
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TABLE 5 

Results of Congruency Recognition tests by Azimuth 

  

  

  

I | 

| | 
|Map Azimuth Angular Frequency and % of subjects | 

and difference with correct response | | 
irection rom anchor irrespective of ma e | di £ h i pecti f map typ | 

| stimulus | 
L 

J 

1 
| | 
|Simple | 
|maps : | 
| 8 20° NNE -100° 137 90.1% 

| | 
|} 11 225° SW 105° 134 87.6% | 

| | 
| 6 300° WNW 180° 138 90.2% 
L 

J 

| | 

| Complex | 
|maps | 
| 14 135° SE -90° 116 77.9% 
| | 
|} 15 315° NW 90° 115 77.2% 

| | 
| 18 45° NE 180° 130 87.8% 

Il J 
  

- counter clockwise
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This supports the studies stating that mental rotation is 

used to decide on the state of congruency between two 

disoriented objects. 

Several differences did occur between results of the 

Simple and complex profiles due to the difference in 

complexity of intricate, irregular distribution of data 

values and shape of the area boundary. Subjects did better 

with the simple profiles than the complex (Tables 5 and 6). 

The best performance for the complex maps matched the worst 

performance in the test of simpler profiles, both with a 

success of 87%. Also over three-quarters of the respondents 

got all three simple profiles correct, whereas barely half 

achieved this level with the comples profiles. Only 9.2% of 

the subjects had two simple profiles wrong, compared to 

23.7% for the complex profiles. 

Results showed that the level of graphic complexity of 

the profiles in part influenced the effect of angular 

difference on recognition of congruency. The largest range 

of correct responses among the simple profiles was 2.6% 

(between maps 8 and 11: Appendix A). The effect of angular 

difference became more apparent with the complex maps, with 

larger ranges of 10.6 and 9.9% (Table 5). 

For the question requiring the comparison of two profiles 

with different distributions at different azimuths, 70.2% of



59 

TABLE 6 

Results of Congruency Recognition tests by Map Complexity 

  

  

I 1 
| | 
| Results of Frequency and (% of participants) | 
| rotation * | 
| tests Rotation test of Rotation test of | 
| Simple profiles Complex profiles | 

| | 
| 3 maps correct 119 (78.3) 83 (56.1) 

| | 
| lst map wrong 6 (3.9) 18 (12.2) | 

| | 
| lst and 2nd maps wrong 7 (4.6) 9 (6.1) 

| | 
| lst and 3rd maps wrong 2 (1.3) 6 (4.0) | 

| | 
| 2nd map wrong 5 (3.3) 20 (13.5) | 

| | 
| 2nd and 3rd maps wrong 5 (3.3) 5 (3.4) | 

| | 
| 3rd map wrong 7 (4.6) 7 (4.7) | 

| | 
| 3 maps wrong 1 (0.7) O (0.0) | 

Pe | 
| (100.0%) (100.0%) | 
l j 
  

*& 

lst and 2nd complex profiles have equal angular differences
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the subjects realized that the maps were rotated at 180° 

from each other, with a positive correlation between the 

distribution of housing and population. Seven answers (5.3%) 

were put in a third category, not as incorrect, but as too 

unclear or irrelevant to be considered appropriate for the 

categorization of correct. For example: 

"Map 20 is twice the magnitude of Map 21." 

"Distribution are both concentrated at the poles." 

"The distribution may be affected by the azimuth 

of a map." 

"Map 21 has a higher concentration of population 

in a smaller area." 

The second part of the rotation test asked for the 

azimuth direction of each of the six congruent maps 

recognized in the first part of the rotation test. This test 

was to supplement the analysis of the effects of rotation in 

the use of profiles. Answers were accepted as correct if the 

directions given were no more than one direction (22.5°) 

from the exact direction, except when the azimuth was north, 

south, east or west, when the profiles did not have one 

corner facing the viewer (Appendix A). 

There was similar performance in the direction test to 

that of the recognition of congruency tests. More correct 

directions were given for profiles rotated at 180 away.
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Profiles (maps 14 and 15: Appendix A) rotated at equal 

azimuths left and right of the anchor stimulus had about the 

same level of performance. However several differences did 

occur between the two types of rotation tasks. 

The simple profiles acquired a much higher percentage of 

correct directions for the map with 105° angular difference 

than the map closest in azimuth to the anchor stimulus at 

100°. Another difference occurred in the responses within 

each set of simple and complex maps. There was a wider range 

difference between the percentage of correct directions for 

each of the simple maps than for the correct directions of . 

the complex profiles (Table 7). The simple profiles had 

differences of 52.3% (between map 8 and 6: Appendix A) and 

33.1% (between map 11 and 6: Appendix A) of correct 

directions. The largest difference in performance between 

the set of complex profiles was only 14.5%. 

It was more difficult to decide whether subjects did 

better with the simple profiles than the complex. The 

complex maps resulted in at least 40% but no more than 55% 

of subjects giving correct directions for each map, whereas 

the best performance for the simple maps was over 75% but 

the worst being 26% . Both sets of maps other than those 

with 180° angular difference had a relatively high 

percentage of opposite directions given (Table 7) compared
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Figure 16: Results of Direction Test by Map Complexity
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to the the rest of the given responses. There was the 

surprising result of 15.9% more subjects getting all three 

directions for the complex profiles correct than for the 

simple profiles (Figure 16). Performance with the simple 

profiles did improve with 16.9% more subjects getting two 

out of three directions correct, and 12.4% less with three 

directions wrong than for the complex maps. 

Although profile type was not a dependent variable in 

this section, the statistical test included a check for 

possible map type dominance. Smooth profiles did get a 

higher percentage of correct responses in both recognition 

of congruency and detection of direction for eleven out of 

thirteen tasks. The question on the relationship between the 

two different spatial distributions acquired better 

performance from subjects using stepped profiles. The 

effect, however of profile type over response type was not 

Significant for any of the tasks as indicated by the chi 

square test (Table 8). 

Studies previously cited (Shepard and Metzlar 1971; 

Steinke and Lloyd 1983) stated that recognition time of 

congruency between maps increased with angular difference 

from O to 180°. Based on this premise one would be tempted 

to hypothesize that time indicated increasing difficulty of 

the task with increased angular difference, which would be
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TABLE 7 

Results of Direction Test by Azimuth 

  

  

  

l | q | ] 

| | | | | 
|Map | Angular | correct directions: | wrong directions: | 
| | difference | exact next to | opposite wrong | 

pt | | | 
I | | | | 
|Simple | | | 

|maps | | | | 
|8 | -100° | 17 17 | 57 37 | 

| | | 13.3% 13.3% | 44.5% 28.9% | 

| | | | | 
}11 | 105° | 41 18 | 51 19 | 

| | | 31.8% 14.0% | 39.5% 14.7% | 

| | | | | 
16 | 180° | 49 56 | 9 19 | 

| | | 36.8% 42.1% | 6.8% 14.3% | 

S| | | | 
r | | | | 
| Complex | | | 

[maps | | | | 
|14 |  -90° | 46 3 | 36 29 | 
| | | 40.4% 2.6% | 31.6% 25.4% | 

| | | | | 
{15 | 90° | 44 3 | 32 36 

| | | 38.3% 2.6% | 27.8% 31.63% | 

| | | | | 
llg | 180° | 63 4 | 7 47 | 
| | | 52 31% 3.3% | 5.8% 38.8% | 

| | | | | 
l L 1 I j 
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TABLE 8 

Influence of Profile Type on Rotation Responses 

  

  

  

  

  

[ | | ]  ] 

| Angular | Frequency, % | Frequency, % Level of | 
|Difference| & residual of | & residual of Significance | 
Jof map | correct responses| correct responses | | 
| | using smooth | using stepped | | 
| | profiles | profiles | | 
l | | | J 
| | l l | 

| CONGRUENCY | | | | 
| | | | | 
|Simple | | | | 
| | | | | 
| 180° | 72 92.3 1.6 | 66 88.0 -1.6 | .53 | 
| | | | | 
|-100° | 74 94.9 3.7 | 63 85.1 -3.7 | 08 | 
| | | | | 
| 105° | 69 88.5 0.7 | 65 86.7 -0.7 | 93 | 
L J } | J 
| l | | 1 

| Complex | | | | 

| | | | | 
| -90° | 61 78.9 0.8 | 55 76.7 -0.8 | 9 | 
| | | | | 
| 90° | 64 84.2 5.3 | 51 69.9 -5.3 | .06 | 
| | | | | 
| 180° | 69 90.2 2.2 | 61 84.7 -2.2 | .38 | 
| | | | J 

| l q | 

|DIRECTION | | | | 
| | | | | 
|Simple | | | | 
| 180° | 57 82.6 2.5 | 48 75.0 -2.5 | .39 | 
| | | | | 
|-100° | 19 27.5 0.7 | 15 25.4 -0.7 | 95 | 
| | | | | 
| 105° | 30 44.8 -0.6 | 29 46.8 0.6 | .96 | 
| | | J 
| | | q | 

| Complex | | | | 

| | | | | 
| -90° | 27 44.3 1.0 | 22 40.7 -1.0 | 92 | 
| | | | | 
| 90° | 28 42.4 1.3 | 19 38.0 -1.3 | 84 | 
| | | | | 
| 180° | 39 59.1 2.5 | 28 50.9 -2.5 | .47 | 

Ll | 1 ! j 
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portrayed in this study by the percentage of correct values. 

Recognition time was not measured in this test and there are 

hardly enough maps to make an assumption of a linear 

function of correct values increasing or decreasing with 

angular difference. However one conclusion that can be made 

from the present experiment partially contradicts the 

expectations of a descending rate of correct answers with 

increase in angular rotation. Performance did decline in 

quality with angular increase, but not consistently because 

the best response occurred in all tests at 180°. 

The hypothesis proved correct for profiles with azimuths 

of over 180°. Maps rotated at equal azimuths left or right 

of the reference map derived similar levels of performance. 

Rotations greater than 180° had the same effect as the same 

corresponding rotation located opposite. This suggests that 

mental rotation may be the procedure used in tasks of 

congruency recognition. However it is not absolutely clear 

if verbal descriptions were also used with or without mental 

rotation. 

The ability of the viewer to recognize congruency between 

maps is also influenced by the level of intricacy and 

complexity of the profiles reflected in the amount of 

irregular undulation of profiles and irregularity in the 

boundary outline. The relatively simple set of profiles with
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less undulation of the profiles and regular shape of the 

border acquired a higher success rate than the more complex 

profiles of irregular borderline and surface fluctuation. 

The reference studies cited did not include the task of 

direction. This test confirmed results of the congruency 

recognition test, showing the advantage of profiles with 

180° angular difference over other maps with over 90°. It 

also reflected that after 180° profiles were possibly 

regarded counter clockwise, acquiring similar response as 

their counterparts between 0° and 180°. Detection of 

direction was a more difficult task than recognizing 

congruency of profiles, irrespective of relative azimuth or 

simplicity of the profiles. There was a mean success rate of 

83.0% for the seven tasks in the recognition of congruency 

test, compared to 48.4% for the six tasks in the test for 

detection of direction. The vertical dimension of the 

profiles causing features to change not only in position but 

also in appearance by rotation did not make the latter task 

any easier. 

The comparatively poor performance in detecting 

directions, with many responses being the opposite from the 

correct direction raises doubt as to the general ability to 

rotate a three dimensional figure with reference to a 

compass system. In conclusion most displays of this map type
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must include the azimuth and direction in the legend, in 

order that profiles may acquire more successful 

interpretation. 

4.4 PROFILES AS DISPLAYS OF MAGNITUDE 
  

In the final test subjects used a vertical bar scale of 

values to determine the magnitude of values at specific 

locations (Appendix C.3). Map type was considered as the 

independent variable to compare with the dependent variable 

of response accuracy. Stepped profiles appeared to be more 

conducive to deriving correct values than smooth (Table 9). 

Four of the five values tasks had significance levels below 

0.05, indicating the dependence of response on map type. The 

higher percentage and positive residuals (between the 

expected and observed frequency) of responses in each case 

came from the use of stepped profiles. 

The overall performance for the entire bar scale test 

also indicated stepped maps as more appropriate for the task 

of value estimation (Table 10), with 62.6% of the users of 

stepped profiles getting at least three value tasks correct 

compared to 34.1% of those using smooth profiles. 

One of the five value tasks (Napoleon: map 22 Appendix A) 

had poor results, with no one able to give the exact value, 

irrespective of profile type. This was also the only part of
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TABLE 9 

Results of Value Estimation of Profiles 

4 Timespan 
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TABLE 10 

Significance of Profile Type in Bar Scale Test 

  

| 

Timespan | 
  

  

(Classified as O-1l, 2, 3, 4-5 correct values) 

l | I q 

| Mclusky |Ft. Yates |Napoleon Stanley | 

: I ! ! : 
| | | | | | | 
|Significance| 0.0077*] 0.0161* | 0.0849 | 0.0312* | 0.0471*| 
| | | | | | | 
[Chi square | 11.89 | 8.26 | 2.96 | 6.94 |} 6.11 | 
| | | | | | | 
ID.F | 3 | 2 | 1 | 2 | 2 | 
L } ! L jt 1 | 

| | 
|Significance of entire test : 0.0039 | 
| Chi : 13.4 | 
| D.F : 3 | 

| | 
l j 
  

Classification used for table cells 

Difference between correct and observed value: 

Oo-1 
zZ=9 
>10 

* Significant Relationship between Map Type and Response
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the value test with a significance level above 0.05, 

indicating no significance of map type in acquiring correct 

answers. The best answers were six years later than the 

expected response, unlike the four other value tasks which 

had exact values given. This could have happened because of 

the location of the point near the center of the map area 

but more likely because of the bar scale used to calculate 

the values. The vertical bar scale had unequal class 

intervals of the data values placed in equally spaced 

divisions or sectors of the bar scale. The vertical bar 

scale of 3.15 cm in length was divided into three sectors of 

O.9 cm each and one of 0.45 cm. Yet the first sector had a 

class interval of 92 years, compared to 16 and 14 years in 

the second and third sectors. The last sector of 0.45 cm had 

an interval of seven years. This provided greater error in 

detecting the correct value at Napoleon as it was located in 

the first sector of the bar scale with a magnitude of values 

at least five times that of the other sections. 

Another task with significant results (Fort Yates) also 

did not acquire responses with the exact value. Rather 61.7% 

of the responses were one unit more or less than the 

expected value. This was also probably due to the scaling of 

the bar scale. Results of all four tasks (excluding 

timespan) indicated that given answers other than exact
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values were the years stated on the intervals of the bar 

(Table 11). The tasks with a highest percentage of exact 

values were those with the value stated on the bar scale 

intervals. 

In conclusion, stepped profiles are more appropriate for 

determining exact values for specific locations on profiles. 

However, on occasions when the nature of the data requires 

continuous mapping of data values, smooth profiles give 

estimations of magnitude, becoming more accurate depending 

on the location and characteristics of the bar scale. The 

experiment showed that responses improved for locations on 

profiles closer to the boundary of the map area facing the 

viewer (Figure 17). This test also portrayed how 

successfully one type of scale could be used to determine 

magnitude of the distribution. Scales must be part of the 

legend accompanying profile maps to give the map the extra 

information required to understand and use this display map 

with or without the inclusion of oral/written text. The 

design and detail on the scale will partly determine the 

scope and ability to estimate accurate values.
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TABLE 11 

Influence of Bar Scale on Value Estimation 

  

  

  

  

  

r 1 | | | 
| Location | % of Subjects with date marked on bar scale | 
| and exact | | 
| value | 1789 1881 1895 1909 1916 Total% | 

| | | | 
| Mclusky | | | 
| (= 1909) | - - 22.2 51.7 12.8 | 86.7 | 
| ! J J 
| | ! | 

| Fort Yates | | | 
| (= 1915) | : = 7.4 14.1 61.7 | 83.9 | 
L | | J 
| q J | 

| Napoleon | | | 
| (= 1873) | 32.6 29.2 _ = - | 61.8 | 
L | | } 
| l T | 

| Stanley | | | 
| (=1909) — 6.8 18.4 36.1 14.3 | 75.6 | 
l L i J 
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4.5 INFLUENCE OF PERSONAL DATA ON TEST PERFORMANCE 
    

A final part of the research analysis checked for any 

Significant influence played by characteristics of the test 

subjects on their perception of profiles. These control 

variables were school major, academic class year, number of 

cartography courses taken and a self rating of work 

experience with maps. Means and significance statistics 

from analysis of variance were the measures used to test for 

any significant variation in map reading behavior of the 

test, under the influence of these variables. Performance 

for the entire test showed academic major as the only 

Significant characteristic of the subjects to affect 

interpretation of profiles. 

4.5.1 Performance by School Major   

School major of subjects contributed to the probability 

of deriving correct information from the profile maps. The 

significance level for the overall test with major was below 

0.05 (table 12) indicating the influence of major type on 

the quality of map performance. Overall test results 

revealed three levels of performance based on average scores 

of the test. The best results came from computer science, 

physics, mathematics and statistic majors, closely followed 

by engineering and geography majors (Table 12).
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Architecture, geology and environmental and urban planning , 

and general arts and science majors had the next best level 

of performance. The poorest level of performance were by the 

social selence and business majors with a considerably lower 

average score than the other majors. The nature of the 

majors may partially have influenced the reading of profile 

maps. It appeared that majors with disciplines of stronger 

graphic and geometric mathematical background may have had 

some advantage in interpreting three dimensional maps. 

This pattern of performance by major was not consistent 

individually for each of the four test tasks (Table 12 and 

Figure 18), except for the social science and business 

majors who had the lowest average scores in every task. 

Geography majors were best at detecting the direction of 

rotated profiles. Architecture, geology and Urban planning 

majors performed the best in giving the values of locations 

on profiles. Computer science, physic, mathematics and 

statistic majors had the highest means of two tasks, in 

detecting trend, and congruency between maps. 

4.5.2 Performance by Class Level 
  

There was no significant advantage of the amount of time 

spent in school for use of profiles, as the significance 

level of performance with class level was above 0.05.



Average Scores of Tests by Major 
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TABLE 12 

  

  

Major Trend Congruency Direction scale Total 

Geography 352 .00 . 86 .30 2.61 

Engineering 3.28 .21 .41 . 46 2.64 

Architecture 2.79 .85 .58 .74 2.33 
Planning, 
Geology 

Arts and 2.90 .46 .58 .63 2.28 
Science 

Computer Sc. 3.75 <35 .00 .58 2.70 
Physics 
Mathematics 
Statistics 

Social 2.15 <7 .80 .29 1.81 
Sciences, 

Business 

Overall 3.13 .82 76 .50 2.41 

mean of 
sample 

F value 3.024 .426 .341 . 440 4.136 

Significance 0.013 . 006 .256 .820 0.002 

  

degree of freedom =
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However the means of variance indicated seniors as the group 

with the best performance (Table 13). There was the 

surprising result of freshmen doing just as well as the 

juniors. 

4.5.3 Performance by Cartography Courses Taken 
  

The number of cartography courses taken by the subjects 

did not directly affect interpretation of profiles (Table 

13). Although performance was independent of cartographic 

experience, average scores of the four test tasks and 

overall test showed that subjects who had taken one 

cartography class did better than both subjects with no 

cartography training, and those with the experience of over 

two courses. 

4.5.4 Performance by Work experience with Maps 
  

The use of profiles was independent of subjects rating of 

work experience with maps (Table 13) The significance level 

between the interaction of correct responses and self rated 

map experience was above 0.05. However results showed an 

ascending order of performance in terms of higher means, 

with increase in work with maps (Table 13). Overall 

responses showed three levels of performance. with those 

who rated maps as a major part of their studies having the
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TABLE 13 

Average Scores of Test by Personnal Data of Subjects 

  

  

  

  

I | 

| Variable Average Average D.F F Value Significance | 
| Score of Score of | 
| group all groups | 
| ] 
I | | 

|CLASS LEVEL | | 
| Freshman 2.40 | 2.41 3 0.294 0.830 | 
| | | 
| Sophomore 2.34 | | 

| | | 
| Junior 2.40 | | 

| | | 
| Senior 2.50 *| | 
I | J 

! ! 
|NO. OF MAP | | 
|COURSES TAKEN | | 
| oO 2:33 | 2.39 2 1.608 0.204 | 

| | | 
| 1 2.64 *| | 
| | | 
lover 2 2.33 | | 
L | J 
l 1 

| WORK | | 
| EXPERIENCE | | 

|WITH MAPS | | 
| | | 
|poor 2.22 | 2.42 4 0.967 0.428 | 
| | | 
|below 2.48 * | 
|average | | 

| | | 
| average 2.45 * | | 

| | | 
| above 2.49 * | | 
| average | | 
| | | 
| good 2.70 * | | 

Ll ! } 
  

* Scores above 
entire group 

average score for the 
of Test Subjects
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best results. This was followed by those with above average, 

below average and average map experience. Those with poor or 

no map experience were the poorest at understanding and 

using the profiles. 

4.5.5 Summary 

In conclusion the amount of time spent in school, work 

experience with maps and number of cartography classes taken 

did not directly have significant influence on reading 

behavior of profiles for the sample of population tested. 

These results do not necessarily represent all students. The 

type of academic courses taken by the test subjects did have 

Significant influence on better performance with profiles. 

Whether this was partly due to the depth of geometric, 

graphic principles in individual disciplines or because the 

subjects of particular majors were naturally more 

intelligent than others are questions posed about the 

differences in profiles use by major. 

As such it appears the use of profiles does not directly 

require prerequisites of a number of cartography courses, or 

years in college or regular use of maps, but rather the 

aptitude to understand the geometric aspect of the three
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dimensional map to derive information of spatial trend and 

magnitude in vertical dimension and at different azimuths. 

This in part supports the potential use of profiles, as 

results show that not only geographers and cartographers can 

use profile maps well. The remaining question to be 

answered is how well other sectors of the population 

including students would use profile maps.



Chapter V 

SUMMARY AND CONCLUSIONS 

Profiles are display maps with a characteristic of 

portraying the vertical dimension of a spatial distribution. 

An analysis of the communicative potential of profiles was 

the focus of this study. Profile type and rotation were 

selected as variables to examine this map type. 

Each profile type has a particular display role. Smooth 

profiles are more appropriate for displaying trends of 

distributions due to the advantage of smooth transition of 

change in the values portrayed in the continuous flow of 

peaks and valleys. The abrupt changes of the steplike 

surface of prisms on stepped profiles causes less successful 

detection of spatial trends. 

Stepped profiles are more conducive to deriving correct 

estimation and accurate values than smooth profiles. Scales 

are vital for the utilization of profiles, irrespective of 

map type, or they will perform at a much lower fraction of 

their communication potential. The bar scale within limits 

can be designed to derive accurate estimations and even 

exact values. Bar scale with small range of values within 

each interval improves the probability of close 

approximations. However this is not always possible, as the 

83
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height of the bar scale may be too small for a range of 

values. As the range between the intervals of the bar scale 

increases, the less accurate values will be. Accuracy of 

value estimation also depends on the location on the map. 

The best results are derived for locations within clear view 

of the map user. Interior profiles irrespective of map type 

have the likelihood of eliciting more general estimations. 

In most cases such general approximations may be acceptable 

to the cartographer as profiles are regarded as displays of 

general magnitude. 

Map readers are not perceptually limited by either 

profile type in recognizing congruency between profiles. 

However readers were limited in the capacity of giving 

azimuth direction of profiles. Direction detection was made 

more difficult by the changes in appearance, position, and 

presence of features in three dimensional rotation. Also the 

reference maps were not set at customary azimuths like. 

north, south, east or west, making it more difficult to 

relate maps to the orientation compass system. 

Performance in both recognition of congruency = and 

direction can be expected to change with angular difference 

between two profile maps. Performance does not decline 

consistently between O° and 180° of angular difference. At 

180° the probability of relating two profile maps is higher
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than for maps with 90° difference. Maps with azimuths over 

180° have similar performance as maps with similar angular 

difference in clockwise position between 0° and 180°. This 

suggests mental rotation is used to relate profiles at 

different azimuths. The cartographer must also expect 

rotation to elicit poorer performance with complex profiles 

than simple, although this difference appears to decrease in 

the task of direction detection. 

It was expected that experience with maps, in terms of 

map classes, level of use with maps and class level would 

improve the probability of correct interpretation. of 

information from profiles. However the only significant 

factor to affect responses was the academic major of the 

subjects. The patterns of performance showed that subjects 

with a strong mathematical and geometric; graphic discipline 

performed best with this map _ type. The pattern of 

performance portrayed by major type does not mean other 

majors were unable to use this map. The test showed that 

profiles are display maps for all fields not necessarily 

cartography. However the cartographer must take into 

consideration the scholastic exposure of potential viewers, 

to make the necessary adjustments in the legend to meet the 

capabilities of the users.
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5.1 LIMITATION OF RESEARCH DESIGN 
  

Two major problems arose from the test design. In the 

first instance, more maps should have been included in the 

recognition of congruency and detection of direction tests. 

This would have produced a continuous pattern of results 

derived for maps at closer and more regular intervals of 

angular difference from O to 180 degrees. This might have 

made it possible to make closer comparison with the studies 

used to develop the test hypothesis that performance would 

decline in quality with increases in angular difference 

(Steinke, and Llyod, 1983; Shepard, and Metzlar,1971). 

Secondly the length of time to complete each task could 

have been included with error rate as variables to examine 

the display role of profiles. 

5.2 FUTURE RESEARCH 

This research is by no means concluded. More questions 

have arisen due to the results of the tests. It would be 

interesting to extend this experiment to samples of other 

population types based for example on age, amount of 

schooling, profession and background experiences. 

Detection of direction is considered less often in map 

interpretation tasks compared to detection of trend and 

value magnitude. Students did poorly in relating the
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rotated profiles to a compass grid system. The question 

poses how another subsect of the map reading population 

would perform in such similar tasks of using profiles. 

Future research could also record time of completing 

tasks with profiles. In tests of detection of trends, time 

could be related to the level of graphic complexity of the 

profiles. In tests of recognition of congruency and 

detection of direction, time could be cross examined with 

variables of profile complexity and angular difference. In 

the calculation of profile values, time could be related to 

the location of points on the profile map and the vertical 

bar scale. Finally tests could be designed to compare 

recognition time of different map types, for example 

profiles and planimetric base maps of the profile maps such 

as isometric and choropleth maps. Time is an important 

justification for the design and existence of display maps 

like profiles. 

Another area of research is the extension of the scope 

and design of profiles. For example, the appropriate scaling 

of the profiles for display, or designs with overlays of 

information superimposed on profiles to derive more than 

just one distribution type over space should be studied. 

Color and symbols that can be used on profiles will need to 

be tested to prevent distorted or "noisy" images.
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5.3 CONCLUSION 

Based on the preceding chapters, it is apparent that 

profiles do have a place among thematic maps. They do 

perform their display roles for generalized information, 

accompanying oral and/or written literature in hard copy or 

animate form to give relevant information of trend and 

magnitude of a distribution. The level of generalization in 

profile mapping is suited to the purpose of the map scale 

and graphic limits. 

All correct scientific abstractions reflect nature 

more deeply, exactly and fully, taking into 

consideration the purpose, subject matter and 

scale of representation (Lenin 1980,: 152). 

The results of the trend and value test by no means 

suggest the exclusive use stepped profiles for displaying 

magnitude or smooth profiles for displaying trends. The 

cartographer has limited control over the nature of the map 

data, which is either continuous or discrete. In choosing 

the classification type of data as discrete data for stepped 

profiles or continuous data for smooth profiles, the nature 

of the data takes precedence. Only when the cartographer has 

the choice of using either of the classifications should the 

choice of profile type take precedence over data 

classification.
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In most cases, profiles will be used to display both 

trend and magnitude. Both profile types can display both 

messages. However the cartographer must be aware of the 

limitations of the profile map chosen, in terms of 

communication. If smooth profiles are used to portray 

magnitude, he must expect that estimations of magnitude 

portrayed by the profiles will be more general than if 

stepped profiles were used. Likewise if stepped profiles 

are used to depict trends, it should be taken into account 

during the design process, that there is a higher 

probability of poorer detection of trend than from smooth 

profiles. The cartographer can improve the probabilities of 

successful communication of information from profiles by 

the inclusion of an explanatory legend with bar scale to 

give magnitude and azimuth to understand the spatial 

distribution and trend.



BIBLIOGRAPHY. 

  

Balchin, W.G. 1976. "Graphicacy." American Cartographer, 
3 (1): 33. 

Brassel, K., Little, J., and Peucker, T,. 1974. "Automated 
Relief Representation." Annals of the Association of   
American Geographers, 64 (4): 610. 
  

Campbell, John. 1984. Introductory Cartography. New 
Jersey: Prentice Hall,Inc. 
  

Cerny, James W., and Wilson, John. 1976. "The Effect of 
Orientation on the Recognition of Simple Maps." Canadian 
Cartographer, 13 (2): 132-138. 

Cooper, L.A., and Shepard, R.N. 1973. "The Time required 
to prepare for a Rotated Stimulus." Memory cognition, 1: 
246-250. 

Cooper, L.A., and Shepard, R.N. 1975. "Mental 
Transformations in the Identification of Left and Right 
Hands." Journal of Experimental Psychology: Human     
Perceptual Performance, 104: 48-56. 
  

Crawford, Paul V., and Marks, Ruth A. 1973. "The Visual 
Effects of Geometric Relationships on Three dimensional 
Maps." The Professional Geographer, 25 (3): 233-238. 
  

Dougenik, James E., and Sheehan, David E. 1975. SYMAP User 

Reference Manual for Synagraphic Computer Mapping (5th 
Edition). Cambridge: Harvard University. 

  

  

Dudycha, D.J. 1981. "Impact of Computer Cartography." 
Cartographica: vol 18 (2): 116-150. 

Gilmartin, P.P. 1981. "The Interface of Cognitive and 
Psychophysical and Research in Cartography." 
Cartographica: vol 18 (3): 9-20. 

Gwynne-Jones, D.R., Mitchell, P.K., Harvey, M.E., and 

Swindell, K. 1978. A New Geography of Sierra Leone. 
London: Longman. 
  

Harvard University. 1971 SYMVU Manual. Cambridge: Harvard 
University. 

90



91 

Howard, Ian P. 1975. "Proposals for the Study of Adaptation 
to Anomalous Schemata." Perception, 3: 497-513. 

Howard, Ian P. 1982. Human Visual Orientation. New York: 

John Wiley. 
  

Howard, I.P., and Templeton, W.B. 1966 Human Spatial 

Orientation. New York: John Wiley. 

International Cartographic Association. 1973 Multilingual 
Dictionary of Technical Terms in Cartography. Bonn: 
International Cartographic Association. 
  

Keates, J.S. 1982. Understanding Maps. New York: John 

Wiley. : 
  

Kosslyn, S.M., and Pomerantz, J.R. 1977. "Imagery, 
Propositions and the form of Internal Representations." 
Cognitive Psychology, 9: 52-76. 
  

Jenks, G.F., and Brown, D.A. 1966. "Three Dimensional Map 
Construction". Science, 154 (3750): 857-864. 

Jenks, G., Steinke, T., Buchert, B., and Armstrong, L. 1971 

"Tllustrating the Concepts of the Contour Symbol, 
Interval and Spacing via Three Dimensional Maps." 
Journal of Geography, 70 (5): 280-288. 

Junkin, B. 1982 "Development of Three Dimensional Spatial 
Displays using a Geographically Based Information 
System." Photogrammetric Engineering, 48 (4): 577-586.   

Lenin, V.I. 1980. Completed Collected Works (5th Edition). 
Progress Publishers., Russia. 
  

Minsky, M., and Papert, S. 1972 "Research at the Laboratory 
in Vision, Language and other Problems of Intelligence." 

M.I.T. Artificial Intelligence Memo, 252.   

Monmonier, Mark S. 1978. "Viewing Azimuth and Map 
Clarity." Annals of the Association of American 
Geographers, 68 (2): 180-192. 
  

Muehrcke, Philip C. 1978. Map Use, Reading, Analysis and 

Intepretation. Wisconsin: 
  

Norusis, Marija J. 1983. SPSSX Introductory Statistics 
Guide. New York: McGraw - Hill. 
 



92 

Olson, Judy M. 1979 "Cognitive Cartographic 
Experimentation." The Canadian Cartographer, 16 (1): 
34-44, 
  

Petchenik, Babara B. 1983. Map Research Design 1950-80. 
Taylor, Fraser D. (Ed): Progress in Contemporary 
Cartography. 

  

Peucker, T.K. 1972 Computer Cartography. Washington D.C: 
American Association of Geographers. 
  

Piavio, A. 1965. "Abstractness, Imagery and Meaningfulness 
in Paired-Associate Learning." Journal of Verbal and 
Behavior, 4: 32-38. 

  

Pylyshyn, Z.W. 1981. "The Imagery Debate: Analogue Media 
versus Tacit Knowledge." Psychological Review, 88: 
16-45. 

  

Palmer, S.E. 1977. "Hierarchical Structure in Perceptual 
Representation." Cognitive Psychology, 9: 441-474.   

Robinson, A.H., Sale R.D., Morrison, J.L.,and Muehckre, P.C. 

1984. Elements of Cartography (5th Edition). New York: 
John Wiley. 
  

Robinson, A.H., and Petchenik, B.B. 1976. The Nature of 
Maps. Chicago: University of Chicago. 

Shepard, Roger N., and Metzler, J. 1971. "Mental Rotation 
of Three Dimensional Objects." Science, 171 (3972): 
701-703. 

Steinke, Theodore, and Lloyd, Robert. 1983. "Images of 
Maps: A Rotation Experiment." The Professional 
Geographer, 35 (4): 455-461. 

Taylor, Fraser D.R. 1983. Progress in Contemporary 
Cartography volume 2: Graphic Communication and Design in 
Contemporary Cartography. Chichester: John Wiley. 

  

    

Taylor, R.M. 1975 "Shape Recognition on Aeronautical Charts 
- A Study of Woodland Symbols." 1975. Paper presented 
to the First International Conference on Cartographic 
Communication, London: 15-19. 

United States Defense Intelligence Agency. 1967 A D.O.D. 
Glossary of Mapping, Charting and Geodetric Terms. (3rd 
Eddition). Washington D.C: U.S. Government Printing 
Office. 

   



93 

United States Department of Commerce. 1983. Census of 
Population and Housing, 1980. Summary Characteristics for 
Governmental Units and Standard Metropolitan Areas. 
Washington D.C.: U.S. Government Printing Office. 

  

United States Department of Commerce. 1984. Homing Units 
authorized by Building Permits and Public Contracts. 
Washington D.C.: U.S. Government Printing Office. 
    

Worth, Christopher. 1978. "Determining a Vertical Scale 
for Graphical Representations of Three Dimensional 
Surfaces." Cartographic Journal, 15 (2): 86-92.   

Worth, Christopher. 1978b The Construction of Computer 
Produced Views of Three Dimensional Data 
Discussion Paper no. 67. London: London School of 

Economics. 

  

 



Appendix A 

QUESTIONNAIRE 

QUESTIONNAIRES ARE IN THE PACKET OF THE BACK COVER. 

94



Appendix B 

ANSWER BOOKLET 

95



96 

Answer sheet 

Survey information 

No. on questionaire 

  

i. Age ii. Male Female 

  

iii. Major m0 ss iv. Class level 

  

No. of Cartography class taken a 

Map experience: 

123456789 10 

seldom used average major part of studies/work 

Source(s) of map experience 
  

  

1. The trend surface of Map Yis: a bede 

la. The trend surface of Map lis: a bcede 

2. The trend surface of Map 2 is: a bed 

3. The trend surface of Map 3 is: abcde 

4. The trend surface of Map 4 is: abede 

5. The trend surface of Map 5 is: a bed 

6. The direction of map iv is: 

(a) south west (b) north west (c) south east (d) north east 

7. The direction of map v is: 

-l-
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8. The 3 maps that portray the same distribution as 

  map 5 are 

(a) map 6 (b) map 7 (c) map 8 

(d) map 9 (e) map 10 (f) map 11 

9. The direction of the 3 maps are: 

  

  

Map Direction 

Map Direction 

Map Direction 
  

10. The 3 maps that portray the same distribution as 

para map 12 are 

(a) map 13 (b) map 14 (c) map 15 

(d) map 16 (e) map 17 (f) map 18 

  

11. The direction of the 3 maps are: 

  

  

Map Direction 

Map Direction 

Map Direction 
  

12. The relationship between the distribution of map 20 and 

21: 

  

  

13. Mclusky was created in



14. 

15. 

16. 

17. 

18. 

19. 
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The time span between creation dates of X and Y is 

years. 

Fort Yates was created in 

Stanley was created in 

Napoleon was created in 

The view with maximum visibility is Map 

The view with minimum visibility is Map



Map 

Map 

Map 

Map 

Map 

Map 

. No. 

Map 

Map 

Map 

Map 

Map 

Appendix C 

CORRECT ANSWERS TO QUESTIONAIRE 

ANSWERS TO TREND SURFACE QUESTIONS   

1-d 

2-b 

3 - e 

4-b 

5 - b 

AZIMUTH AND DIRECTION OF ROTATED MAPS   

Test 1 

5: Anchor stimulus at 120 (ESE) 

of Year round housing in North Dakota, 1979 

6 - 300 (WNW) 

7 - 20 (NNE) mirror image 

8 - 20 (NNE) 

9 - 300 (WNW) mirror image 

10 - 120 (ESE) mirror image 

11 - 225 (SW) 

Maps 6, 8, 11 portray the same distribution as Map 5.



Map 12: 

Mirror 

Map 13 

Map 14 

Map 16 

Map 17 

Map 18 

100 

Anchor stimulus at 225 (SW) 

image of % Housing built before 1939, Arizona 1979. 

- 225 (SW) 

- 135 (SE) mirror image 

- 315 (NW) mirror image 

- 60 (ENE) 

330 (NNW) 

- 45 (NE) mirror image 

Maps 14, 15, 18 portray the same distribution as Map 12. 

Cc. 3 VERTICAL BAR TEST RESULTS 
  

County creation dates of North Dakota (at county seats). 

1. Mclusky - 1909 

2. Timespan between x and y = O years 

3. Fort Yates - 1915 

4. Stanley - 1909 

5. Napoleon - 1873



VITA 

Julia Elizabeth Olabisi King was born 

_ She graduated from the 

Annie Walsh Memorial School, Freetown, Sierra Leone in 1975. 

She received a B.A in Geography in 1979 and Diploma in 

Education in 1980 from Fourah Bay College, University of 

Sierra Leone. She taught at the Sierra Leone Grammar School 

for two years. In September, 1982 she enrolled into the 

graduate program at Virginia Polytechnic Institute and State 

University and held an assistantship in the department of 

Geography from 1982 to 1984. She graduated with a Master of 

Science in Geography in June, 1985. 
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Example of Smooth Profile Test Booklet



Questionaire 

PLEASE DO NOT WRITE ON THE QUESTIONAIRES. Answer sheets are 

provided. 

PITRE RERERERERREREERERERERERREREREREREREERERERERERERERERERERERERE 

Profile Perspective Maps 

Profile Perspective maps are display maps to simplify the 

visualization of spatial information. This test aims at exa- 

mining the communicative qualities of such maps.



1. PROFILE SURFACE 

Trend surface maps 

A trend surface map is a relatively simple surface to 

represent a broad general spatial distribution. Figure A is 

the trend surface model of Map X. 

    

     

     

MAP X WINE PROFITS 1982-1983, VIRGINIA 

AZIMUTH = 225° 

FIGURE A 

| 
[ . 

i. Which trend surface reflects the spatial distribution 

in Map Y? 
   

= 

AZIMUTH = 300° 

% (16-G4U YRS) WITH WORK DISABILITY, NORTH DAKGTA, 1979



Answers: 

i. Trend surface A reflects the spatial trend of map Y. 

1. TEST 1 

A. Choose a trend surface model that portrays the spatial 

  

distribution pattern of each of the following maps:



 
 

Map 3     County Creation dates in North Dakota 

 
 300 Azimuth 

1: 
‘ 

Map 

Unemployment in 

1979 

315 

Wyoming, 

Azimuth 

 
 

    

R tedian G 

      
Arizona, 1979 

Housing built before   

1939 in Arizon 

120 Azimuth 

  Map 5: Annual Rainfall in Sierra Leone 

120 Azimuth



AZIMUTH Zs 

Azimuth is the angular direction a map is oriented from a 

In this test the maps are oriented from reference direction. 

the-north (figure b). 

North 
1 
S NNE 22 

NNW 33735 
NE 45 

KW 315 

ENE 
WNW 29235 

west —————4 270 

45 ESE 112 

SE 135 
a 

225 SW 

i: SSE 157 

South 202% 

Azimuth orientation system Figure b 180 

The role of azimuth is to limit blocking created from ov- 

show the iil 2 
va Ls A vie erlapping profiles. chosen tht 

maximum amount of information. Compare the visibility of maps        
better visibility 

         

poor visibility 

i and ii. 

map i. 

map ii.



At 180degrees the viewer is looking perpendicular to the bot- 

tom of the map, making the direction of the view a southern 

view.   

    

  

  

WINE PROFITS 1982-1983, VIRGINIA 

AZIMUTH = 180 . 
At 270 degrees the viewer looks perpendicular to the left 

side of the map, making the direction of the view a western 

view. 

WINE PROFITS 1982-1983, VIRGINIA 
AZIMUTH = 270 

  

  
At 90 degrees, the viewer looks perpendicular to the right 

side of the map, making the direction of the view an eastern 

view. = 

    

2 WINE PROFITS 1982-1983, VIRGINIA 
EX AZIMUTH = 90 

    
At 300 degrees, the direction of view is west north west 

WINE PROFITS 1982-1983, VIRGINIA 

AZIMUTH = 300 

 



ine portrayal of a distribution in a SefieS vE maps al 

different azimuths is used to present the whole image of a 

distibution, for example Maps iii, iv, v. 

  

HOUSING PERMITS ISSUED IN VIRGINIA (JAN-JULY 1984) 

AZIMUTH = 180 
map iii: 

map iv   
HOUSING PERMITS ISSUED IN VIRGINIA (JAN-JULY 1984) 

    
HOUSING PERMITS ISSUED IN VIRGINIA (JAN-JULY 1984)



6. What is the direction of the azimuth of map iv? 

7. What is the direction of the azimuth of Map v?



Answers: 

Map iv - b. north west (315 degrees) 

Map v - a. South west (225 degrees)



 



    

   

% Year Round Housing Built Before 1939 in M 

Azimuth = 225 Direction = sw 

 



618,330. 

426,435 

213,217 

0 

    
Population of North Dakota, 1979 

Azimuth = 120 

297,800 

205,379 

102,690 

0 

  
Azimuth = 300 

12 ,What relationship is evident from the distributions on maps 20 and 21?



Maps 22-25 portray when the county seats of North Da- 

kota were created. Each map is presented at different azi- 

muths. Use these maps to answer the following questions. 

13. When was Mclusky created? 

14. What is the time span between creation dates of X and Y? 

15. When was Fort Yates created? 

16. When was Stanley created? 

17. When was Napoleon created? 

18. Choose the view with maximum visibility 

19. Choose the view with minimum visibility



    

    

r 

eC 
AZIMUTH = 40 

  

N f 
| COUNTY CREATION DATES, NORTH DAKOTA 
AZIMUTH ='300 | oO 

  
COUNTY CREATION DATES, NORTH DAKOTA 

AZIMUTH = 225 

GUNTY CREATION DATES, N@RTH DAKOTA 

Year 

1916 

1909 

1895 

1881 

1789 

a - Mclusky 

b - Fort Yates 

c - Stanley 

d - Napolegn



Example of Stepped Profile Test Booklet



Questionaire 

PLEASE DO NOT WRITE ON THE QUESTIONAIRES. Answer sheets are 

provided. 

RATATAT RRR ETRE RRR RITE TRIKE TRE IA RE RIIEIRRRRR RE  I 

Profile Perspective Maps 

Profile Perspective maps are display maps to simplify the 

visualization of spatial information. This test aims at exa- 

mining the communicative qualities of such maps.



Ls PROFILE SURFACE 

Trend surface maps 

A trend surface map isa relatively simple surface to 

represent a broad general spatial distribution. Figure A is 

the trend: surface model of Map X. 

      

    

Map x: WINE PROFITS 1982-1983, VIRGINIA 
AZIMUTH = 995° ~ 

Figure A 

1. Which trend surface reflects the spatial distribution 

in Map Y? 

AZIMUTH = 300° 

% (16-64) WITH WORK DISABILITY, NG@RTH DAKGTA, 1979



Answers: 

i. Trend surface A reflects the spatial trend of map Y. 

1. TEST 1 

A. Choose a trend surface model that portrays the spatial 

  

distribution pattern of each of the following maps:



     
    7 —————.   

   
   

  

   

   

   

Map 1: 

Unemployment in| 

Wyoming, 1979 

Azimuth = 315 

  

  

County.Creation Dates 

in North Dakotz 
  

Azimuth = 30 

   

    

   

   

Map 2 : 
fedian Gross Rent, \ 

Arizona 1979 

Azimuth = 315 

Map 4      
Housing built before 
  

1939 in Arizona _ 
Azimuth = 120 

y Map 5 

Annual Rainfall of Sierra Leone 

Azimuth = 120



tem 

             

2. AZIMUTH 

In this test the maps are oriented from 

North 

Azimuth is the angular direction a map is oriented from a 

reference direction. 

the north (figure b). 
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format 

180 

in 

South 20235 

The role of azimuth is to limit blocking created from ov- 

erlapping profiles, 

maximum amount of 

map i. poor visibility 

better visibility 

i and ii. 

map ii. 

  



Atlsd0degrees the viewer is looking perpendicular to the bot- 

tom of the map, making the direction of the view a southern 

view. 

      
    

  

  WINE PROFITS 1982-1983, 

AZIMUTH = 180 

At 270 degrees the viewer looks perpendicular to 

VIRGINIA 

the left 

side of the map, making the direction of the view a western 

view. 

  

  

  
WINE PROFITS 1982-1983, VIRGINIA 

AZIMUTH =. 270 

At 90 | degrees, the viewer looks perpendicular to the right 

side of the map, making the direction of the view an eastern 

view. 
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WINE PROFITS 1982-196 

AZIMUTH = 90 

83, mm VIRGINIA 

  
At 300 degrees, the direction of view is west north west. 

WINE PROFITS 1982-1983, VIRGINIA 

AZIMUTH = 300  



a series of maps at 

Vv. lV, 

is used to present the whole image of a 

of a distribution in 

for example Maps iii, 

The portrayal 

different azimuths 

distibution, 

(JAN-JULY 1984) 
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HOUSING PERMITS ISSUED IN VIRGINIA (JAN-JULY 1984)



6. What is the direction of the azimuth of map iv? 

7. What is the direction of the azimuth of Map v?



Answers: 

Map iv - b. north west (315 degrees) 

Map v - a. South west (225 degrees)



Azimuth = 120 

Direction = ESE 

  

Below are six maps. 

8. Choose 3 maps that show the same housing distribution as map 5. 

9. State the azimuth direction of the 3 maps chosen above. 

  

  

   



    % Year Round Housing Built Before 1939 in M 
Azimuth = 225 Direction = sw 

  
            
              
            
  

  

   



618,330 

426,435 

213,217 

0 

  

  

Azimuth = 120 

   
   
   

    

    

297 ,800 

205,379 

102,690 

0 

Azimuth = 300 

12. What relationship is evident from the distributions on maps 20 and 21?



Maps 22-25 portray when the county seats of North Da- 

kota were created. Each map is presented at different azi- 

muths. Use these maps to answer the following questions. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

When was Mclusky created? 

What is the time span between creation dates of X and Y? 

When was Fort Yates created? 

When was Stanley created? 

When was Napoleon created? 

Choose the view with maximum visibility 

Choose the view with minimum visibility
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