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A taxonomy of map use functions, and the map types associated with each, is 
proposed as a tool in developing more logical sequences of classroom activities 
that introduce students to maps, their various uses, and to the processes of geo­
graphic thinking. Awareness of the great variety of map types and functions is 
needed so that students can improve their skills in creating and using the appro- 
priate map for inventory, navigation, measurement or analysis tasks. Tradition- 
ally we categorize maps on the basis of content, scale, or user group. But this fails 
to illuminate the different ways we design maps so as to address a variety of spa- 
tial problems. This paper discusses criteria that can be used to create such a tax- 
onomy and applies them to a prototype taxonomy. It identifies four genera of map 
use tasks or questions and more than fifty species of specific models, drawings, 
and map types. A number of implications for geographic education are noted.
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INTRODUCTION

When we talk about mapping in a child’s world, what kinds 
of maps are we talking about? What kinds of maps do they need in 
school? At play? Adults classify maps in many traditional ways: by 
content (e.g., soils maps), by scale (e.g., atlas maps, city plans), or by 
user group (e.g., mariners or blind people). Some of these map names 
have generally agreed upon definitions. But the logic of these classi- 
fications and the meaning of these names may not be known to school 
children or their teachers (1). If we want children to use maps as 
tools for thinking, analysis and argument, they will need to know 
what map types best solve what problems and how to design them.

A taxonomy of map functions for geographic education can assist 
in this in a number of ways. First, the very nature of a taxonomy 
establishes the functional differences and similarities between the 
various classified members. For young mappers, the basic distinctions
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in a taxonomy should pertain to the kinds of problems they may wish 
or need to solve. Second, a function-based taxonomy can suggest to 
curricula designers the kinds of visual and intellectual skills children 
need for solving different problems and how they relate to the skills 
children already possess. This should provide some guidance as to 
what problems are easier to address and thus what questions should 
be the object of children’s first mapping activities. From this, 
designers may then be able to develop more logical sequences for 
introducing maps and mapping (2) in the school curriculum and for 
streamlining our educational agenda. Of course, a number of 
researchers in such fields as psychology and education are also 
inquiring into the perceptual and motor skills of children and their 
pace of development (3). At some point, the results of that research 
should be used to modify sequences that we develop. But until that 
time, we should have first considered the variety of map products 
from an intellectual point of view and established the basic functional 
relationships among them. Creating a taxonomy is one way of 
accomplishing these goals.

Finally, and in a more general way, a taxonomy can clarify 
what questions geographers ask that set them apart from other scien- 
tists who ask questions about the world, i.e., the questions that are 
fundamental to geographic thinking. This paper discusses some cri- 
teria that can be used to create such a map taxonomy and applies 
them to a prototype taxonomy.

ON CLASSIFICATION

In studying any phenomenon, scientists want to be able to 
group individual representatives in some meaningful ways. This is 
done so that the relationships between these individuals are clearly 
defined and understood. Taxonomy is the science of classification. 
The most complex classifications are in the plant and animal worlds 
where scientists must contend with some 1,500,000 species. Per- 
haps the best-known taxonomic classification is the one by the 18th 
Century Swedish naturalist Carolus Linnaeus. It is a hierarchical 
system in which individuals are grouped on the basis of similar ob- 
servable characteristics into seven nested categories or taxa: king- 
dom, phylum, class, order, family, genus and species (McKnight,
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1984,194-5). Most familiar to us are the species, the basic unit of the 
classification, followed by the genus, the next level of organization. 
Each genus includes a number of species.

Taxonomists ask such basic questions as, for example, “What 
constitutes spiderishness?” It usually involves a critter having eight 
legs, silk-spinning organs, and whether they spin orb, funnel, rectan- 
gular or cobweb type webs (Hubbell, 1996). By asking these kinds 
of questions, primitive traits emerge that define levels or taxa within 
the hiearchy. The higher the taxon, the broader and more inclusive 
are the groups. The lower the taxon, the more closely related are its 
members and the more characteristics they have in common. In this 
way, a conceptual framework is created for clarifying the relation- 
ships among all individuals and groups of organisms.

It should be clear, however, that the purpose of any classifi- 
cation involves organizing our knowledge about some group of things 
with a specific purpose in mind. Thus there can be as many classifi- 
cations as there are purposes. In considering maps or map use tasks, 
we clearly do not have the numerical problem of the natural scien- 
tists but we do make the kinds of groupings that might be found in a 
formal taxonomy. For example, we distinguish between maps that 
are large and small scale, thematic and reference, choroplethic and 
isometric, etc. Even though these categories are not mutually exclu- 
sive or comprehensive, they work relatively well as generalizations 
among knowledgeable mapmakers. Perhaps this is why there have 
been few formal attempts at producing a comprehensive taxonomy 
of maps. But in education, the terminology describing map types is 
often vague and not universally understood and their distinctions are 
more likely made on the basis of form or scale, and not of purpose.

For example, the curriculum for North Carolina (Teacher 
Handbook, 1992) makes reference to maps of the classroom and of 
the child’s room at home, to county maps, state maps, and globes. 
While these maps are of quite different scales, they will likely be 
used by children to search for and locate specific features in them. 
Thus they share the common functional use of being used to record 
all objects in an area. The inventory or reference function is an im- 
portant use of maps, but not the only one. More critically, decisions 
about content, generalization, and design for inventory maps are not 
the same as those decisions made for other kinds of maps. Unless 
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children are given opportunities to produce a variety of maps as tools, 
not just inventory or reference maps, they may get a one-sided view 
of what maps might look like and what they can do (4).

As a result, children may fail to recognize the intellectual and 
functional distinctions between various kinds of maps. For children 
to solve problems with maps, they must know how each type of map 
differs structurally so that in creating their own maps appropriate 
steps can be taken in the selection of content, its generalization and 
symbolization. To assist in this, a taxonomy of map functions should 
describe the kinds of problems we can solve with maps and what 
types of maps are appropriate to each. In creating such a taxonomy, 
we may also discover the intellectual (and technical) difficulty of 
producing and using associated map types. This knowledge could 
then be used to develop a sequencing approach not only for introduc- 
ing maps and mapping, but also to the geographical problems they 
may best address.

In examining curriculum materials, elementary textbooks, and 
atlases I have never seen such a taxonomy (5). Rather than attempt 
to deduce a taxonomic relationship between the rather narrow range 
of maps named in the curriculum, this paper considers some ideas 
that might be useful in creating a taxonomy based on map function.

QUESTIONS OF INVENTORY AND WAY FINDING

The essential and simplest intellectual question in mapping 
asks “What is there?” This provokes an inventory of the area in 
question and the recording with symbols and labels all features that 
the map scale allows. As a result, a map of a classroom and the globe 
can have a common inventory function but the details will be differ- 
ent: e.g., desks, wastebaskets, and bookcases in the former; oceans, 
continents and major cities in the latter. But we may wish to carry out 
a basic inventory at many scales; the map scale, however, will usu- 
ally determine what things are noted. In a sense, this scale-depen- 
dent generalization allows us to manage the graphic complexity that 
comes with trying to show all objects at smaller and smaller scales. 
Thus a city plan, a topographic map at scale 1:250,000 and a conti- 
nental reference map in an atlas can all be considered inventory maps 
but at various scales. We do not, however, normally make this con- 
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nection and group them in this way.
A second basic question addressed by maps involves naviga- 

tion and way finding. For this we select features that are appropriate 
to the mode and speed of our movement and that provide the neces- 
sary landmarks for that method of locomotion. For example, 
orienteering maps have quite different designs and exist at quite dif- 
ferent scales from aeronautical and hydrographic charts. We might 
not think to include globes and city plans in this list, but they too 
include features appropriate to way finding by different means of 
travel. The former will include parallels and meridians (and thus 
reference to cardinal directions) whereas the latter makes use of spe- 
cific buildings, boulevards, and nodes (such as important intersec- 
tions or subway stations) as landmarks.

For both these questions, it is clear that scale defines “spe- 
cies” within the functional “genus” of “inventory” but “sub-species” 
within the functional “genus” of “way finding” or navigation. What 
other“genera” might we find useful? The measurement of angles, 
distances, and areas is a need traditionally met with sufficiently large- 
scale maps or those with special characteristics, e.g., conformality or 
equivalence. There are also various tasks of analysis for which we 
need to be particularly selective about map content and careful in the 
ways we classify, generalize, and display that information. Thus we 
can consider two other “genera” as the needs of measurement and of 
analysis. From the evidence of school texts and children’s atlases, 
we seem to regard the first of these needs as the more important. But 
given the necessity of understanding abstract concepts about scale, 
distortion, and map projections, the skills of measurement are far 
less accessible to children than those of information selection and 
generalization, unless we restrict ourselves to very large scale maps. 
I would argue that the needs for analysis skills are just as valuable, 
and much more accessible. Perhaps they should even be given pref- 
erence in our curricula.

QUESTIONS OF ANALYSIS

Inventory maps of small areas are perhaps the simplest maps 
we can have children produce. Everything in an area, such as their 
classroom, is included because it is there — no questions asked. Such 
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maps allow us to address the simplest of “Where is...?” questions. 
But to answer the more difficult “Why...?” questions, we must be 
selective in what is shown just as we are selective with words when 
verbalizing a problem. To be selective, children must recognize the 
role that particular pieces of information play and learn to ask, in 
their map making, “Why do I need this?” and “How will it be used 
to illuminate my problem?” Denis Wood (1993, 51-2) would prob- 
ably pose the additional question of: “What change do I wish to bring 
about in another’s mind?” The consideration of such mapping ques- 
tions, what I call function-dependent generalization (Castner,1983), 
is the more important concept than scale-dependent generalization 
for all questions of information manipulation and emphasis in graphic 
design revolve around it.

To understand  function-dependent generalization, envision a 
continuum of maps that begins with those depicting individual things 
or objects. For example, in a neighborhood inventory map we may 
wish to differentiate the individuality of each house, e.g., “my house” 
from “your house.” To do this, we need a separate symbol or label 
for every house. But to show why a school might be located in a 
particular place we need only to see the distribution of each house 
with school age children. To represent them, we need but one uni- 
form symbol for we are now representing my house and your house 
as members of a class of things called “houses with school age chil- 
dren.” For adults, this may not be a difficult distinction. But I won- 
der if it isn’t too subtle an intellectual leap for children without some 
preparation? If they do not understand this distinction, then their 
ability to isolate a problem or illuminate a situation, i.e., to state a 
spatial proposition, will be limited.

But the problems of scale-dependent generalization, i.e., of 
dealing with graphic complexity, are relatively straightforward com- 
pared to those of function-dependent generalization, i.e., of intellec- 
tual complexity. This is because in the latter we need to eliminate, 
classify, or aggregate information appropriate to the questions to be 
addressed or the problems to be solved. This operation is at the heart 
of purposeful map use.

A continuum of maps which begins with one of individual 
things or objects can extend into many different directions. One im- 
portant direction is in making spatial generalizations, what we call 
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regions. The map of school districts, that was suggested above, is an 
example of a one-criterion region. It is perhaps the simplest kind of 
region that children should make. As they progress, more and more 
criteria can be used to make regions more reflective of reality. Land 
use maps are among the most complex where the distribution of many 
selected factors leads us to declare that some areas are significantly 
different from others. We may describe them with such general and 
ill-defined terms as residential, commercial, or industrial. But what- 
ever the label, these are among the most useful products of map analy- 
sis.

QUESTIONS OF MEASUREMENT

Envision a continuum of mappable spaces that range from 
those that are too small to get into or are small enough to hold, to 
rooms, buildings, neighborhoods, communities, counties, states, coun- 
tries, continents, and to the earth in its entirety. Each entity suggests 
successively a scale and thus an area of increasing coverage from 
what we call personal to large to medium to small (scale). But the 
calculation and use of a mathematical statement of the scale relation- 
ship of a map to the world involves arithmetic and measurement skills 
that the very youngest students may not have. Thus the introduction 
of the simplest measurement tasks should follow the lead of the math- 
ematical readiness of the students. For example, with the acquisition 
of multiplication skills, children can begin to measure distances on 
maps and convert them to miles on the earth using simple verbal 
statements of the scale, e.g., one inch on the map represents one mile 
on the earth. But these activities are complicated by two other prob- 
lems.

First, our ability to make precise measurements from maps as 
we move along this continuum of mappable spaces is influenced suc- 
cessively by the effect of the spherosity of the earth. The changes 
induced in the geometry of our maps affects directly the nature and 
amount of distortion in the structure of the space depicted. At the 
largest map scales the distortion is negligible. At smaller scales, as 
long as we don’t attempt to measure distances, areas, or angles and 
directions, these changes in geometry present few problems in map 
use. But if we want to make measurements as map scale decreases, 
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we must increasingly be aware of the nature and pattern of distortion 
in a given map projection and make use of its standard lines in order 
to keep errors of distance measurement at a minimum. But these 
ideas are complex, abstract, and often difficult to get across in school. 
Our pedagogic effort should lie in making it clear to children that 
distances, areas, and angles can be measured on very large scale maps 
or on the globe — two places where geometric distortion is not a 
problem. But, at the same time, they must be warned, if not allowed 
to discover, that extending these activities to medium and small scale 
maps may result in significant and unfortunate errors. They must 
come to understand what conditions must be met before such mea- 
surements can be taken. But this understanding of map projections 
and scale variation should not be a first hurdle to using maps (6).

Second, as we move from large to small-scale maps, we also 
are influenced by the reduction in space in which to display our sym- 
bols. We must therefore become more selective in what we map and 
more involved with the generalization of that information selected. 
This is a process we can call “scale-dependent” generalization. These 
problems suggest the educational strategy of starting children work- 
ing with large-scale maps and progressing toward smaller ones so 
that any problems of geometric distortion and scale-dependent gen- 
eralization are postponed.

On the other hand, as long as we don’t attempt to make dis- 
tance measurements, a certain level of structural control can be pro- 
vided at all scales by the rivers or political boundaries in outline maps. 
With them children can analyze other questions, such as those relat- 
ing to topological relationships, or examine patterns within and among 
various categories of information mapped by the enumeration areas 
shown, e.g., states (7). These are analytical activities, which can be 
accomplished before measurements even though they will involve 
problems of selection, classification, and aggregation. These will be 
considered momentarily.

Besides distance, we are also concerned with the measure- 
ment of area and angles. As with distance, we must first obtain a 
map of an appropriate large-scale or projection. It is critical to have 
knowledge of the tributes of the geographic graticules, which suggest 
conformality or equivalence. These can be used to deduce these at- 
tributes from small-scale maps and thus in deciding whether one can 



46 Castner

measure angles or areas on a map. Once an appropriate projection 
and scale is chosen, there are various techniques that can be used for 
measuring areas (8). There are also techniques and instruments for 
measuring angles and directions on appropriate map projections (9). 
This need will also show up as a part of way finding and analysis.

Finally, there are also needs for measuring elevations. For 
this, there are special skills and concepts such as the reading of pro- 
files, form lines, contours, and inclined contours. Of these, we seem 
to pay special attention to contours but rarely to the intellectual steps, 
which lead to their understanding and applications elsewhere, e.g., 
in statistical mapping with various isolines. Photo and line anag- 
lyphs would seem to be unfortunately neglected tools in this process. 
Since we also measure “elevation” when describing the surface of 
volumes, both real and imagined, this need may also be an aspect of 
way finding and analysis and someday may suggest a way of linking 
these map use tasks in school activities.

CONSTRUCTING A TAXONOMY

The above discussion suggests a rationale for four genera of 
map use tasks or functions for the family of graphics that we call 
maps. Clearly, there are other families of graphic displays on which 
some of these questions might be addressed. It is important, I be- 
lieve, that we clarify for students the place of maps within and the 
distinctions between other kinds of graphic images such as abstract 
and pictorial art, advertising, photographs, and engineering and ar- 
chitectural plans. These other members can be differentiated by aes- 
thetic criteria, requirements for accuracy, or simply on how well they 
replicate or resemble reality. But the four questions of map use sug- 
gested above seem the best criteria for the family of maps for educa- 
tion. Figure 1 describes 1) four genera of tasks in map use (in ALL 
CAPITALS), 2) specific map types (in all lower case letters) that 
best serve them, and 3) defining activities (in Caps and Lower Case 
Letters) which differentiate subdivisions within certain areas of the 
taxonomy. As will become evident, we do not have a full array of 
names in our map lexicon so that some awkward or verbose ones 
have been created in order to fill out the taxonomy. We may eventu- 
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ally come to some consensus over shorter, more succinct forms for 
them.

Maps for Inventory and Way Finding
The simplest map intellectually, and the most flexible in han- 

dling all map use tasks, is the one in which there are only individual, 
labeled and relatively unclassified things within some small familiar 
area, as with the map of a classroom, Figure 2. If its coverage is 
restricted to small areas of the earth’s surface, students can make 
measurements from it, navigate within it, and ask analytical ques- 
tions of it although not in the most efficient or effective way. For 
these non-inventory activities, more specialized map types are re- 
quired.

For the genus of inventory tasks, the scale of the map to the 
things we might inventory and label we are restiricted by. Thus spe- 
cies of maps within this genus are scale determined. And we have 
quite well known and accepted names for most of these maps; the 
same will not be true for some of the other tasks. A selection of these 
are listed in sequence, from small scale to large scale, in Figure 1.

For the genus of navigation tasks, the species of useful maps 
must reflect the mode of travel. For each, landmarks and aids to navi- 
gation are determined by the means of (or restrictions to) locomotion 
and the speed of that movement. Navigation by foot occurs in many 
different places. Thus public area maps include such things as mall 
maps, theatre and stadium seating charts, and parking lot diagrams. 
Within each of these species, there will be a number of sub-species 
that are differentiated by map scale.

Maps for Analysis
Unfortunately, the tasks involved in analysis are not nearly so 

clear or easily defined. The problem can be seen in Figure 2. There, 
the desks share uniform shaped symbols but their uniqueness is de- 
termined by their label: e.g., Jill, Paul, etc. But if we want to consider 
a specific distribution, for example of brown-eyed children, we must 
change our map design in fundamental ways (Figure 3): we elimi- 
nate unnecessary information (e.g., the flag, the waste baskets, and 
all the labels); the desks become simple squares referring to indi-
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Figure 2. A labeled inventory map. A fifth grade classroom after one from 
Thinking About Ontario, p. 11. Each letter stand for the name of a student sitting 
at that desk.

viduals who sit there; and attribute information (the color of the child’s 
eyes) is used to indicate (by shading the corresponding desk symbol) 
which students fit into this category.

In doing this, we transform the labeled inventory map of Fig- 
ure 2 into an unlabeled inventory map, Figure32. It is representative 
of all maps of this genus of analysis. But to be of practical use, we 
must define its species in more specific terms. The basic division 
involves questions of relative location and qualitative distinctions 
and questions of relative magnitude and quantitative distinctions. Let 
us examine each of these.

In Figure 3, we have mapped all occurrences of a single phe- 
nomenon (in this case, brown-eyed children) using one common point 
symbol, a square, for each. We can ask a number of questions of this 
latter image as it relates to total number, place occurrence, or relative 
location of this single phenomenon. But there is a subtle divide here 
for if we want to examine the density of the symbols, we are sud- 
denly considering a question of relative number or magnitude from 
place to place. In other words, we must recognize two classes of
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Figure 3. An unlabeled inventory map using dark point sysmbols to indicate 
which students have brown eyes. After a map from Thinking About Ontario, p. 12.

analytical questions: those which consider qualitative questions in 
things and those which address quantitative ones. In both cases, the 
species are best differentiated by the kinds of information examined 
and the symbols used to display it, i.e., the method of depiction.

1. Maps for Examining Relative Location or Qualitative Distinc- 
tions

A map using POINT SYMBOLS to represent occurrences of a single 
category of point or discrete phenomena might be called an “unla- 
beled point symbol inventory map,” or “upsim” as in Figure 3. Since 
it displays the distribution of individuals with particular qualities, it 
is more specifically a single category point symbol inventory map 
(or for convenience here, scpsim). We might be tempted to call it 
simply a dot map but this name has strong connotations with the 
quantitative mapping of information collected within enumeration 
areas. There, each point symbol represents more than one unit of the 
phenomenon.
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Figure 4. A linkage map showing the origins of materials and workers that were 
brought to Edmonton, Alberta to design and publish a children’s atlas.

More complex distributions can be analyzed when two or more 
categories are shown in a two-category (tcpsim) or multiple-category 
point symbol inventory map (mcpsim). For example, each desk square 
in Figure 3 could be colored to match the color of the child’s eyes 
(i.e., blue, brown, dark brown, or green), we would have a four cat- 
egory example. Another example of using multiple categories is the 
tourist map that uses various pictographic symbols to represent dif- 
ferent services of interest to travelers, e.g., hotels, golf courses, and 
scenic views (10).

We can also ask questions about the relative location or quali- 
tative distinctions among linear features by simply mapping them 
with LINE SYMBOLS. But the primary question we are asking in- 
volves where the lines are going, i.e., what are the origins and desti- 
nations of these routes. In mapping these, linkage maps describe 
topological relationships or connectivity. A small-scale example, 
Figure 4, shows the origins of materials and workers which came 
together in Edmonton, Alberta for the design and publication of a 
children’s atlas.
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We can also study questions of connectivity, either when it is 
potential (as with a road system in which we are only effectively 
linked when we make the drive in one direction or the other) or ac- 
tual (as with scheduled bus, train, or airline service, as in Figure 5 
(11).

A destiny map is a linkage map which shows the movements 
of materials or people when there are stops at intermediate locations 
between origins and destinations. In other words, it is a linkage map 
with intermediate stops. They are particularly interesting when ap- 
plied in genealogical studies where, for example, we connect on a 
map the birthplaces of a child’s grandparents and parents with the 
child’s birth town.

We can also ask questions about the nature of defined AREAS 
such as states or countries. In the simplest case we could use a single- 
category area symbol inventory map (scasim) to show some quality 
or attribute that is common to certain areas. During Presidential elec- 
tions, we might see maps showing, for example, states won by one of 
the candidates. More often we would see two-category area symbol 
inventory maps (tcasim) which show states that were won by Repub- 
licans and those that were won by Democrats. When more than two 
categories are shown, we would have a multiple-category area sym- 
bol inventory map (mcasim) as in Figure 6. While a form of inven- 
tory mapping, the purpose is to describe classroom areas character- 
ized by the languages one might hear spoken within them — an at- 
tribute that extends beyond the desk itself, and connotes the language 
the child speaks at home. A smaller scale example might show the 
types of business practiced in each shop in a mall or the type of gov- 
ernment or economy in various countries. Making any of these maps 
for different times allows for comparisons and the detection of trends. 
The most sophisticated maps of this genus are the species of land use 
maps. In all cases, sub-species would be determined by variations in 
map scale or coverage.

The NAMES found in different places can also be selectively 
mapped for analysis. A classified name maps can address many ques- 
tions about culture, natural history, and economic activity (See 
Gritzner, 1987-88). In another case, Jouris (1994) shows how names 
that have some particular theme may, when mapped, reveal interest- 
ing patterns across the United States. Two examples are mineral
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Figure 5. A linkage map showing the available airline service between five North- 
eastern cities, symbolized by the first letter of their names. It is clear that there is 
not return air service between some paris of cities. From Castner 1995, 148.

resources from places like Tin City, NC and references to the Bible, 
as with Bethlehem, PA. Dick (1996) examines the occurrence of 
women’s names in the Kentucky landscape.

I have also listed three kinds of maps that can answer ques- 
tions about the form of the land; hachured maps, physiographic dia- 
grams, and shaded relief maps. They do this in visual, not math- 
ematical, terms so that they answer qualitative questions of relative 
elevation and surface complexity.

2. Maps for Relative Magnitude or Quantitative Distinctions

As with questions of relative position and qualitative differ- 
ences, there are five species of maps related to the types of symbols 
used. The simplest quantitative, unlabeled inventory map would be 
one using a SINGLE POINT symbol to represent each occurrence of 
a phenomenon. Such maps are, in fact, quite rare. They show, by 
changes in dot density, quantitative variations across the map. They 
are the same in form as the previously described scpsim, only the
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Figure 6. A mcasim map. Areas in a classroom where languages spoken in the 
student’s home might be heard. After a map in Thinking About Ontario, p. 12.

question addressed is different. A logical educational sequence would 
have children make simple, one phenomenon dot maps (scpsim) (12) 
as a first step in learning about data classification and analysis. Once 
they have faced the inevitable problems of dot size and symbol crowd- 
ing in cluttered areas, they can explore other solutions.

One is where many point symbols are used, each represent- 
ing some constant value, e.g., 50 bushels of com or 100 cows. These 
are true dot maps that are commonly found in textbooks and atlases 
and are based usually on data derived from counting the total number 
of discrete objects within an enumeration areas.

Another solution, when children run out of space to put leg- 
ibly all their dots no matter what their value, is to make graduated 
point symbol maps where the size (usually the area) of the symbols is 
made proportional to the magnitude of the phenomenon being repre- 
sented: the greater the value, the larger the symbol. The logic behind 
the construction of various sizes area symbols should be explained 
by some obvious construction process (13). An alternative is to use a 
graduated number map where the actual number applying to the point
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or area is enlarged so that the number’s height is proportional to its 
value. Viewers of these maps are able to respond to two graphic 
clues — the size of the symbol and the number value itself. While 
actually rare, such maps may be a valuable first step, before gradu- 
ated point symbol maps, in illustrating the graphic principle (14).

We often wish to analyze phenomena that are quite different 
because they are distributed continuously across an area. To analyze 
them we must first measure them at various places. An example of 
such a phenomenon, water depth, can be seen in the soundings on a 
nautical chart. We might call such a display a z-value display (zvd) 
for it represents changes in the elevation or depth (the z-dimension) 
of the phenomenon that we consider to vary continuously from place 
to place, like soil fertility or atmospheric temperature. In these cases 
we are mapping the surface of geographic volumes. The “surface” 
values of the phenomenon are measured from some datum plane.

By graphically selecting a range or some extreme values in 
such a display, we can call attention to map areas where the values 
are critical to some activity. In the case of depth soundings, we might 
wish to emphasize waters of insufficient depth for a particular ves- 
sel or class of ships. There are few examples of such graduated z- 
value displays but they have educational value in providing an op- 
portunity for students to solve a variety of problems by creating some 
alternate designs (see Castner, 1995, 174-5).

But most often, we wish to use such data to represent the 
continuous surface from which such data was derived, usually be- 
cause we cannot see such surfaces - they may be under water or 
simply an intellectual abstraction. For this we have developed sev- 
eral representative techniques. The simplest technically involves 
enclosing or isolating with a continuous LINE—a form line—sound- 
ings of particular values, as in Figure 7. They might relate, for ex- 
ample, to the draft of a particular vessel. Such a form line map, 
while not as accurate or sophisticated as a contour map, easily iso- 
lates areas of specific values or shows a general trend of slopes, not 
only for a mariner but also for a school child and at a fraction of the 
intellectual cost. Ultimately, we will want young mappers to study 
and master contour maps and various isoline maps (15). But per- 
haps they should first have more opportunities to study the map tools 
noted above. Two other tools would probably be useful in this intro- 
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duction: three-dimensional physical models (Brian, 1994); and photo 
and line anaglyphs (16). These latter demonstrate dramatically how 
contours are supposed to be seen and what they show.

Flow line maps also use lines of various widths to depict the 
volume of movement between connected points. These symbols are 
made proportional in width to the data they depict. Understanding 
them would seem to be an extension of the idea of both linkage maps 
and graduated point symbol maps.

Finally, we can make use of AREA SYMBOLS to depict a 
number or range of values found within individual enumeration or 
counting areas. The darker the area symbol, the greater the magni- 
tude of the variable. Because coloring in areas is so easy to do, we 
rarely consider the erroneous or misleading impressions such maps 
can give to users. For this reason, we should develop a logical se- 
quence of area symbol quantitative maps (asqm) to illustrate the vari- 
ous problems that arise from 1) the unequal sizes and different shapes 
of the enumeration areas, 2) the uneven distribution of the data within 
them, and 3) the choice of the number of data classes and their nu- 
merical boundaries. Only with the understanding of these problems 
can children begin to use true choropleth maps and eventually 
dasymetric maps. Gersmehl’s “pixel-coded maps” (1991, 132) are 
perhaps a good place to begin by mapping within simple grid-square 
overlays. By enlarging the size of squares in successive grids, we 
can begin to wrestle with the neglected problems of error and gener- 
alization.

Maps for Measuring Distance, Area, Angles, 
and Elevation (17)

For making these kinds of measurements, both globes, topo- 
graphic maps, and any very large scale maps are useful because scale 
variations are either zero or relatively small for most non-engineer- 
ing purposes. Each of these four different kinds of measurement 
tasks, however, suggests a different pedagogic procedure.

For measuring distances on any graphic image, we need to 
know where the scale is uniform and the same as that indicated by 
the scale of the drawing. In the simplest case, this means finding the 
standard lines — lines drawn at a consistent scale relative to the 
object. In the case of map projections, the earth’s equator or two
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Figure 7. soundings of water depth and hand-drawn form lines 
isolating various depth zones. Modified from Castner 1995, 175.
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standard parallels and perhaps one or more meridians are most often 
standard lines. If we know the pattern of these standard lines, then 
measuring distances near them or aligned to them can be reasonably 
accurate; elsewhere we can make considerable errors. Most of the 
family of azimuthal projections provide for measuring distances along 
a larger number of standard lines.

For measuring areas and angles or directions, we need to 
known if the projection is equivalent or conformal, that is, do they 
preserve area relationships or angular relationships on the globe. For 
extensive areas, two simple tests give some insight into this ques- 
tion. Do the grid lines cross at right angles? Is Greenland the same 
size as Mexico? If the grid lines don’t everywhere cross at right 
angles, then it can’t be a conformal projection. If Greenland is larger 
than Mexico then it isn’t an equivalent projection. An examination 
of the Mercator (conformal) and Gall-Peters’ (equivalent) projections 
will show how preserving one trait (shape or area) often severely 
distorts the other. There are, of course, a number of projections for 
world maps that attempt to find some compromise between these 
extremes, e.g., Robinson’s.

Having considered these questions, it should become clear 
that scale is a variable and ever changing quality of any given map. 
Students can discover this by making drawings in two-point per- 
spective. In interior locations, constant sized vertical lines in walls 
(comers, door jams, etc.) are all drawn at different lengths relative to 
the one closest to the viewer, the “standard line” (18). The study of 
such drawings lays the groundwork for understanding the various 
scale variation diagrams (see, for example, Robinson et al., 1995, 
77f) which show us the “best,” i.e., least distorted areas of any map 
projection, no matter what its aspect, i.e., on what point or graticule 
line is it centered. Finally, students may then be ready to study in 
meaningful ways the various map projections available. But even if 
this study comes at the end of a sequence of activities, those activi- 
ties will have given students useful experiences in the concepts in- 
volved in making various kinds of measurements from maps and to 
learn about some of the limitations in making them.

The description of elevation change on maps begins with or- 
dinal distinctions. Physical models, anaglyphs, and the series of re- 
lief depicting maps mentioned above are among the simplest tools 
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for this. But for interval and ratio measurements, we will need eleva- 
tion information at points above some absolute or relative datum 
plane. Thus a logical sequence of instruction starts with an array of 
z-values (zvd) and continues down the column described in the tax- 
onomy. One wonders, however, whether children really need ratio or 
even interval elevation information to solve their problems? I sus- 
pect contour maps can be introduced much later in the curriculum 
than has been our practice, and that these other simpler forms should 
take precedence in our talk about elevation and relief.

CONCLUSIONS AND IMPLICATIONS

This preliminary or prototype taxonomy, Figure 1, names over 
fifty species of models, maps or drawings which perform four gen- 
era of map use tasks (19). Collectively they describe sequences of 
questions which students can ask of geographic or spatial informa- 
tion using these associated products. If children are to become facile 
in using maps and graphic images for thinking, analysis, and argu- 
ment, then they must be given experience and expertise in all of these 
areas. Since few schools may be willing or able to teach all of these 
areas systematically, it may be necessary to consider the relative im- 
portance we place on the various map functions. In addition, it may 
be useful to develop classroom activities that integrate some of these 
functions and sequences and so provide both hindsight (what lessons 
ans concepts it build upon) and foresight (what lessons and concepts 
it anticipates). With this, elementary and middle school teachers can 
better come to know and understand how the particular step(s) fit 
together and why they may wish to engage in them. These decisions 
will ultimately be moderated by teachers with the knowledge of their 
students’ skills and past experiences and the curriculum goals they 
wish to pursue. It is my contention that most of these steps and se- 
quences are missing from our geographic and cartographic curricula 
and thus their logic and conceptual bases are also missing. We should 
guarantee that they are there.

The development of the taxonomy suggests that in planning 
purposeful mapping in schools we should consider:

1) continuing to first introduce mapping to children with inventory 
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tasks using very large scale maps, and so avoid problems of 
distortion brought on by the increasing influence of the earth’s 
spherosity as scale decreases;

2) limiting at first the measurement tasks to very large scale maps; 
avoiding these at medium and small scales with the exception of 
using the globe itself;

3) introducing way finding and navigation tasks in very small 
environments, experienced by children on foot, where they can 
establish the meaning and use of local landmarks;

4) working with questions of relative location and qualitative 
distinctions among geographic information before considering 
those of relative magnitude and quantitative distinctions;

5) beginning with maps that have the necessary structural control 
built in or on which no angular or distance measurements will be 
made; and

6) beginning with maps with unclassified information or 
unaggregated data.

NOTES

(1) As a result, it is difficult to discuss the problem of map types because most any 
name mentioned will have meanings to individual readers that are not shared by 
all. The reader is asked to accept the terms used in the initial discussions with 
some flexibility until the taxonomy is developed. At that time, it will be appropri- 
ate for the community of cartographers and educators to consider better names for 
the longer, but sometimes rather clumsy, descriptive names and acronyms that are 
found in the taxonomy.

(2) In an earlier work, I tried to make the case for mapping as a more inclusive and 
useful term than simply map making to describe the cartographic contribution to 
geographic thinking. There (Castner, 1990,11) I describe mapping as: THINKING 
about the world and some aspect of it or phenomenon in it; DETERMINING the 
essential characteristics of that aspect or phenomenon; ESTABLISHING a com- 
munication goal, i.e., the use(s) to which a representation will be put, or the prob- 
lem to be solved; CONSIDERING the various forms and modes of representation 
that can speak to that goal; and only then EXECUTING some representation that 
best addresses that communication goal or problem solution.

(3) For a recent commentary on this research, see Downs and Liben, 1997, pp. 
21-45.
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(4) In fairness, the North Carolina curriculum also mentions “primary maps,” route 
maps, wall maps, physical resource maps, reference maps and “shoe box diora- 
mas.” One wonders, however, if these maps are categorically different? Except 
for their scale or area of coverage, I suspect they are not. In other words, they may 
all be variations on the basic inventory map.

(5) Muehrcke and Muehrcke (1992) has created a three-part “taxonomy” based on 
the cognitive processes of reading, analysis, and interpretation: of extracting infor- 
mation from a map; of manipulating that information to create new information; 
and adding non-map information to establishing meaning and interpretation. These 
processes can be applied to all maps, regardless of how they were designed. Since 
there is no way to predict what other information might be brought to a map using 
encounter, the taxonomy developed in this paper is related only to reading and 
analysis and is based on map use function for this makes a critical impact upon any 
design.

(6) Since the special limitations on measurements can be overcome by the choice 
of one’s map projection or of using only certain parts of a projection, a function- 
based taxonomy might not include any special types of maps for these purposes. 
On the other hand, it may suggest some logical sequences for introducing these 
ideas. In this case, knowledge about the existence and position of standard lines 
(i.e., those along which map scale is true and uniform) is the most useful informa- 
tion in determining where distances can be measured on a map.

(7) A secondary question asks “Do we want children to construct their own con- 
trol?” At the simplest level, an alpha-numeric grid could be taped on the classroom 
floor to correspond to a grid on a convenient sized outline map. The “control” is 
provided by the grid squares and mapping involves transferring information, square 
by square, from the room to the map. The size of the grid also determines the 
accuracy of the map. A more complex approach would involve using a simple 
plane table and alidade outside the school building to establish the positions of 
prominent landmarks in relatively restricted areas, such as the school campus or a 
nearby park. Other information is triangulated in reference to these landmarks.

If you think about it, we can control both the degree of structural control 
and the degree of classification or aggregation by manipulating the area of coverage 
of our maps. But the critical issue seems to lie with the type of questions we wish to 
address with maps. If they involve the measurement of distance, area, or angles, then 
special care must be taken in assuring an appropriate degree of structural control, or 
in restricting our mapping to relatively small areas or to the globe. For all other 
questions, the need to be selective in what information is used and how it is general- 
ized becomes paramount. In my view, this side of mapping has been almost com- 
pletely ignored. We have, instead, favored describing map projections and how 
they are constructed without addressing the concepts which underlie their mean- 
ingful use. Thus a taxonomy of maps should reflect the basic divisions of map use.
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(8) For example, various forms of the dot planimeter (which call for counting dots 
or grid intersections) are simpler to use than instruments such as a polar planimeter. 
But a third approach, using a chemical balance, may have more educational advan- 
tages than either of these. A map is cut up into its constituent areas. These pieces 
of paper are carefully weighed and then the weights are reduced to percentages of 
the total weight (area) of the map at its scale. For medium and small scales, the 
map must be on an equal area or equivalent projection.

(9) For measuring angles at medium and small scales, any of the conformal projec- 
tions are required, e.g., the stereographic or the Mercator. Only the Mercator was 
constructed to allow the construction of lines of constant compass direction. But if 
we are also considering travel of great distances across continents or oceans, we 
would want to follow the shortest routes along great circles. Only some oblique 
version of the gnomonic projection will allow these travel routes to be plotted as 
straight lines.
(10) Unfortunately, such maps often use different shaped, equal sized point sym- 
bols but of only one color. This was probably done as a convenience to the map 
maker and not the map user. As Bertin (1983,156-8) illustrated some time ago, this 
practice makes it difficult for readers to discriminate and thus sort the various sym- 
bols. For purposes of visual analysis, perceptual research suggests that using sym- 
bols of different hues to represent different classes of tourist information would be 
easier to decipher (Williams, 1971).

There is also an unfortunate practice of using point symbols to represent 
area phenomena, e.g., a single, out-of-scale image of a cow to represent a region of 
dairy farming of unspecified extent. Given the confusing logic of representing the 
quality of an undefined area with a single point symbol (which stands for only one 
of many that might actually be seen in that region) suggests that we should not 
recognize this as a useful map type in a taxonomy.

(11) For linkage maps illustrating problems of connectivity, congestion, and indi­
vidual behavior, see Castner, 1995, Chapter 6.

(12) Gersmehl (1991, 122) calls them “repetitive-symbol maps.”

(13) See Castner et al (1981, 16) for an example.

(14) See Dickinson (1963, 90 and 96) for examples.

(15) The category of isoline map includes all the great variety of specialized maps 
that use isotherms, isochrones, isohyets, etc.

(16) Line anaglyphs are made of two sets of slightly offset contours, one in ma- 
genta and one in cyan, which are viewed through lenses of these two colors so that 
each eye sees only one set. The brain then creates a virtual image of the undulating 
surface. The photo anaglyph does the same thing but by using offset photographic 
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images.

(17) The task of measuring density can be accomplished in several different areas 
of the taxonomy. To measure it in absolute terms, one must map sites on an equiva- 
lent projection or one of large scale. Measuring it in relative terms means estimat- 
ing physical clustering by eye with a scpsim or a dot map or with an area symbol 
map where densities have been calculated and viewers differentiate between the 
value of various area tone symbols.

(18) Drawings in two-point perspective are not maps but they provide a useful 
pedagogic tool in bridging the gap between how we see objects and surfaces around 
us and map projections. Such drawings do this by exhibiting many of the charac- 
teristics of map projections. For example, the noticeable and measurable linear 
distortion can be used to analyze scale distortion across the drawing just as we do 
with map projections.

(19) We can now go back and examine the map types found in the North Carolina 
Curriculum as listed at the beginning of the paper and in footnote #4. Of the eleven 
types of maps mentioned, eight are inventory in nature and are represented in the 
taxonomy by five maps. A ninth relates to navigation (presumably by road — the 
route map). A tenth answers a question about the relative location of physical 
resources (a mcpsim?), and the eleventh (the shoebox diorama) which might be 
related to physical models. Thus, over forty of the images in the taxonomy are not 
represented in that Curriculum.
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