





Welcome to Research in Geographic Education

The launching of a new enterprise is always accompanied with joys
and expectations: joys in breaking new ground and expectations of
success. So it is with a new academic journal: the joy of finding
material to fill knowledge gaps as yet unbridged, the expectation of
unprecedented discovery, and the attempts to add new dimensions to
academic and applied knowledge.

Empirical and theory-based academic research in geographic educa-
tion 1s still in its adolescence. The field has already passed through
infancy and childhood: anecdotal reports of successful and some-
times not-so-successful innovations in K-12 and university-level
courses, programs, teaching techniques, and curricula abound. Un-
fortunately, empirical, truly academic research in geographic educa-
tion has yet to find a satisfactory outlet in an American publication.
Research in Geographic Education was founded in an attempt to ad-
dress that need, to provide the opportunity for researchers in all as-
pects of geographic education to present their findings.

Contributors to Research in Geographic Education come from dif-
ferent nations, different cultures, and often, from different disciplines.
They address geographic education at various levels: the university,
the traditional K-12 period, and even the informal geographic learn-
ing that occurs among pre-schoolers or the general public. Contem-
porary geographic education research focuses on wide spectrum of
topics; curriculum, spatial cognition, geographic learning, gender,
visual and non-visual representation, environmental cognition and
education, special populations, mapping in all forms, assessment,
and numerous other topics applicable to geographical pedagogy.
Whatever the focus, whatever the perspective, whatever the origins,
the common thread binding these research efforts together is the de-
sire to fill in the substantial gaps that exist in the field of geographic
education.

We are pleased to welcome you to Research in Geographic Educa-
tion, and invite you to become an active participant in our efforts to



contribute to the field of geographic education. Of course, launching
anew journal requires the participation of many people, including those
who contributed articles for consideration, those who graciously agreed
to act as peer reviewers, and staff and students from the Department of
Geography at Southwest Texas State University who assisted in all as-
pects of this venture. We offer our heartfelt thanks to everyone for
their contributions to this inaugural edition and subsequent issues of
Research in Geographic Education.

Richard G. Boehm
David Stea
Co-Editors
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Assessing and Improving
Geographic Belief:
A Cognitive Approach

Norman R. Brown and Alinda Friedman

Over the past several years, we have conducted numerous experiments designed
to assess what people know about world geography and to determine how new
Jacts affect prior knowledge. Bypically, participanis first estimate the latitudes or
longitudes of cities in different parts of the world. Next, they are given information
about the actual location of a small number of these cities and provide a second
set of estimates. These location estimates are converted to representations, called
location profiles, which convey information about estimation accuracy, the
subjective division of continents and countries into regions, biased beliefs about
the location of these regions, and beliefs about the relations between regions both
within and between continents. In addition, differences between the first and second
estimates indicate how representations of global geography are updated when
people learn new location information about individual cities. This article provides
an introduction to this research, and summarises its main findings.

Keywords: subjective geography, location profile, bias, category, seeding

In this article, we review an on-going laboratory-based research
program that has provided new methods for assessing and improving
geographical knowledge (Friedman & Brown, 1999 in press a, in press
b). The approach has three key elements: (a) a task — the absolute loca-
tion judgement task, (b) a representation — the location profile, and (c)
a form of intervention — seeding the knowledge base (Brown & Siegler,
1993, 1996). In the typical experiment, subjects are presented with a
set of city names and are required to estimate either the latitude or
the longitude of each city in the set. Next, they are presented with
information about the actual location a small number of cities —
usually just one or two — called “seed cities.” Finally, they provide
a second set of estimates for the cities. The pre-seeding judgements
are used to construct one location profile and the post-seeding esti-
mates to construct a second. The profiles constructed from the first
set of judgments convey information about estimation accuracy, the
subjective division of continents and countries into regions, beliefs

about the relative and absolute location of these regions, and beliefs
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2 Brown and Friedman

about the relations between regions, both within and between conti-
nents. Importantly, these pre-seeding profiles reveal the extent and
nature of pre-existing biases in geographical knowledge. Thus, dif-
ferences between pre-seeding and post-seeding profiles can be ex-
amined to determine how representations of global geography are
updated when people learn new location information about individual
cities.

ABSOLUTE LOCATION JUDGEMENTS AND
LOCATION PROFILES

In our research program, we have made heavy use of absolute
location judgements. In most of these experiments, participants are
required to estimate, as accurately as possible, the latitude or the lon-
gitude of the all cities in the stimulus set. To our knowledge, this
research program is the first to collect these estimates in a systemic
manner. Of course, a number of other methods have been used to
study subjective geography. These include: map reproductions (Hirtle
& Jonides, 1985; Saarinen, 1987; Tversky, 1981); compass-bearing
estimates (Glicksohn, 1994; Tversky, 1981), in which people indi-
cate the location between two geographical reference points; distance
judgments (Holyoak & Mah, 1982); area estimation (Kerst & Howard,
1978); comparative location estimates (Lloyd, 1989; Maki, 1981);
and travel time estimates (Montello, 1989). These methods have spe-
cific problems associated with them that absolute location judgments
do not. For example, map reproductions are limited by people’s abil-
ity to draw. Obviously, drawing ability is irrelevant to producing lo-
cation estimates.

There is also a fundamental problem with distance estimates,
bearing estimates, travel-time estimates, and comparative location
judgments. Because all these tasks require knowledge of at least two
cities, it is difficult, and at times impossible, to attribute performance
unambiguously to a single source. In contrast, the location judge-
ment task yields an individual numerical estimate for each test city.
Thus, accuracy and bias can be assessed on a city-by-city basis, as
well as at more global level, using conventional statistical methods.
For example, the mean signed error (signed latitude error = estimated
latitude — actual latitude) and the mean absolute error (absolute lati-
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tude error = |signed latitude error|) can be computed for each city,
and compared to determine which cities elicit accurate, unbiased es-
timates and which do not. It is also possible to take means over cites
within a region and to compute the correlation between estimated
and actual location for these same cities. These measures indicate
whether regional membership affects accuracy and bias, and whether
participants have a good sense of the relative location of cities within
a given region.

Aggregate measures computed over absolute location judgments
are instructive, and lend themselves to inferential statistics. How-
ever, the main advantage of this approach is that it provides the esti-
mates that are necessary for constructing location profiles. An ex-
ample of a location profile is presented in Figure 1. The data pre-
sented in this figure were collected from 60 Canadian university stu-
dents who were required to estimate the latitude of 30 New World
cities and 30 Old World cities (see Friedman & Brown, 1999 in press
b, Experiment 2, for further details). In this figure, latitude is repre-
sented on the ordinate and the names of the test cities along the ab-
scissa, with the New World cities presented on the left side of the
figure and the Old World cities on the right side. Within each panel,
the cities are ordered according to actual latitude, with the most north-
ern city in each set (i.e., Saskatoon and Oslo) listed at the far left and
the most southern city in each set (i.e., Acapulco and Nairobi) listed
at the far right. Each small marker indicates a city’s actual latitude
and each large marker, its mean estimated latitude (and the standard
error of those estimates). For example, it is clear from this figure that
Tijuana is actually located at 33° north and believed to be located at
4° porth, and that the corresponding coordinates for Naples are 41°
north and 23° north.

Figure 1 is an objective profile; we use this term because the test
cities are ordered by their actual latitudes (and hence the curve con-
necting the cities’ actual latitudes decreases monotonically from left
to right in each half of the figure). Objective location profiles can be
suggestive. In the present case, two things are clear: First, the rough
correspondence between actual latitudes and estimated latitudes in-
dicates that participants had some knowledge of the relative loca-
tions of the test cities in both hemispheres. Second, for most cities,
the estimated latitude fell below the actual latitude. This indicates
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Figure 1. Objective latitude location profile for New World cities and Old World
Cities (right panel). Data are ordered by the actual latitudes of the test cities.
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that these Canadian subjects tended to believe that most test cities lie
south of their actual locations. Consistent with these observations,
the mean correlation between estimated and actual latitude was .83
for the 30 New World Cities, and the mean signed error was -11°;
comparable figures for the Old World cities were .76 and -19°.

Figure 1 data are re-presented in Figure 2. In this subjective pro-
file, cities are sorted by the latitude estimated by the subjects rather
than actual latitude. Here, for each hemisphere, the test city that
yielded the most northerly mean estimate is listed furthest to the left,
and the one that yielded the most southerly mean estimate is listed
furthest to the right. Like the objective profile, the tendency for esti-
mated latitudes to fall below actual latitudes indicates that these sub-
jects were biased to locate most cities south of their actual locations.
More importantly, the sharp discontinuities apparent in these esti-
mate curves (but not those in Figure 1) can be interpreted as bound-
aries between psychologically distinct regions and subregions. As a
result, subjective location profiles can be used to identify subjective
regions empirically, to determine whether these subjective regions
are located correctly, and to infer the existence and the nature of be-
tween-region relations both within and between hemispheres.

More concretely, we interpret Figure 2 as follows. First, for our
subjects, North America was composed of four correctly ordered re-
gions: Canada, the Northern United States, the Southern United States,
and Mexico. Second, these participants divided Europe into a Medi-
terranean region and a north-central region, and they drew a clear
distinction between Europe and Africa. Third, there was a tendency
to place warm regions (the southern US, Mexico, Mediterranean
Europe, and Africa) far to the south of their actual locations. Fourth,
there appeared to be a between-hemisphere correspondence between
regions, with Canada and the northern United States aligning with
north-central Europe, the southern US aligning with Mediterranean
Europe, and Mexico with the Mediterranean Ocean. The general divi-
sion of hemispheres into regions and subregions and the alignment of
regions across hemisphere have been replicated a number of times (Fried-
man & Brown, 1999 in press a, in press b). In addition, we have been
able to use a bearing judgment task and variety seeding manipulations to
obtain converging evidence for these claims (Friedman, Brown, and
McGaffey 1999).



6 Brown and Friedman

Saskatoon
Winnipeg
Quebec City
Ottawa
Toronto

. Seattle
Minneapolis
New York
Buffalo
Chicago
Atlanta
Memphis
San Diego
Las Vegas
Phoenix
Tucson

Los Angeles
allas

San Antonio
Houston
Tampa
Miami
Tijuana
Veracruz
exico City
Mazatlan
Cancun
Acapulco
Chihuahua
Puerto Vallarta

Oslo
Stockholm
Berlin
Copenhagen
Amsterdam

Thessalonika
Barcelona
Granada
Lisbon
Porto

Cairo
Algiers
Khartoum
Mogadishu
Addis Ababa
Lagos
Kampala
Nairobi

Latitude

apnjijen] [enjoy
epnjje] psjewnss

e L)
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World cities. Data are ordered by the estimated latitudes of the test cities.
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SEEDING LOCATION JUDGEMENTS

We have demonstrated how a location estimation task can be used
to create location profiles, and how these profiles can be use to inves-
tigate subjective geography. The current research program also has dem-
onstrated that exposure to seed facts can improve estimation accuracy,
sometimes quite dramatically, and that the seeding method can also be
used to probe the organization of geographical knowledge.

In this section, we present some data from a longitude estimation
experiment to illustrate both points (for a complete description, see
Friedman & Brown 1999 in press a, Experiment 3). In this experiment,
60 participants were first informed that the longitude scale begins at 0°
in Greenwich, England, that it increases to 180° west, and that the
dateline runs through the western Aleutians. Next, they were presented
with the names of 13 North American cities and 15 South American
cities, and were required to provide a longitude estimate for each. Fol-
lowing this initial estimation task, participants learned the actual lon-
gitude of one South American city, either Lima, Peru (77° west) or Rio
de Janeiro, Brazil (43° west). Then, after learning one of these seed
facts, participants provided a second set of longitude estimates for all
test cities.

Figures 3 and 4 are the objective location profiles derived from
these longitude estimates. In these figures, longitude is listed on the
abscissa and the test city names along the ordinate; North American
cities appear in the top panel and South American cities in the bottom
panel. Within each continent, cities are ordered according to their ac-
tual longitudes, with the most westerly city appearing at the top of the
panel and most easterly city appearing at the bottom. As in the prior
figures, the small markers indicate a city’s actual longitude and the
large markers its mean estimated longitude.

The pre-seeding estimates, averaged over the 60 subjects (and
excluding the seed cities) are the focus of Figure 3. As this figure sug-
gests, these participants tended to locate all test cities to the west of
their actual locations, though South American cities produced more
biased estimates (mean signed error = 40°) than the North American
cities (mean signed error = 23°). It is also clear from this figure that
participants had a better sense of the relative locations of the North
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Figure 3. Objective longitude profile for North American cities and South
American cities. Data are ordered by the actual
longitude of the test cities.

American cities than the South American cities; the mean correla-
tion between estimated and actual longitude was .85 for the former
and .25 for the latter. Finally, it is interesting to note that that South
American cities line up with the cities on the eastern seaboard of the
United States. This suggests that at least these subjects mistakenly
believed that South America lies due south of the eastern United
States, though actually there is little horizontal overlap between the
two continents (cf. Tversky, 1981).

In Figure 4 the post-seeding estimates from both the Lima group
and the Rio group are presented along with the pre-seeding estimates
and the actual longitudes. It is clear from this figure that even a single
seed fact can have a large effect on subsequent estimates, and that
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Figure 4. Objective longitude profile for North American cities and South
American cities presenting actual longitudes, mean pre-seeding estimates, mean
post-seeding estimates obtained from the Lima group and the Rio group. Data
are ordered by the actual longitude of the test cities.

these effects can propagate from the seeded region (i.e. South
America) to an adjacent, unseeded region (i.e., North America). In
this case, the post-seeding estimates for both the South American
cities and the North American cities tended to be significantly less
biased (as measured by signed error) and more accurate (as mea-
sured by absolute error) then pre-seeding estimates (see Table 1).
Asnoted above, the initial longitude estimates suggested that this
set of participants behaved as if they believed that South America
were located due south of the east coast of North America. The data
presented in Figure 4 indicate that this belief, in conjunction with the
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Pre-Seeding Post-Seeding
Absolute Error (SE)  Absolute Error (SE)
Lima Seed Fact
North America™* 33.68° (2.18) 28.21°(2.26)
South America” 49.64° (3.63) 19.07°(1.54)
Rio Seed Fact
North America™ 31.20°(2.17) 31.78°(2.20)
South America” 48.84°(4.00) 18.60°(1.73)
Pre-Seeding Post-Seeding
Signed Error (SE) Signed Error (SE)
Lima Seed Fact
North America 24.88°(3.99) 9.00°(4.42)
South America® 38.18°(6.19) 12.57°(2.33)
Rio Seed Fact
North America” 20.85°(3.83) -11.81°(5.90)
South America” 40.57°(5.72) -4.00°(3.13)

Note *: All significance levels derived from paired t-tests (df = 29).
Note a: p <.001

Note b: p<.01

Note ¢: p<.05

Table 1. Mean pre-seeding and post-seeding absolute error and signed error as a
function of region and seed fact.

South American seed fact, played an important role in determining
the post-seeding estimates for the North American cities. More
concretely, it appears that exposure to the South American seed fact
compelled participants to recognize that South America was further
east than they had assumed, and provided specific numerical
information that was used to correct mistaken assumptions about
South America’s location. Then, in order to maintain an aligned
representation of the Americas, participants had to shift the Atlantic
coast of North America to east. As these claims imply, the set of
post-seeding estimates was aligned in the much the same way as the
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pre-seeding estimates, with the post-seeding estimates provided by
the Rio group falling furthest to the east and the pre-seeding estimates
falling furthest to the west.

In addition to the present study, we have conducted a number of
experiments designed to determine whether seeding effects can be
obtained with longitudes as well as latitudes, and to ascertain when
and how seeding effects propagate from a seeded region to physically
adjacent and/or conceptually related ones. An exhaustive review of
this work is beyond the scope of this article. Nonetheless, we should
note that these studies have demonstrated that seed facts can improve
the accuracy of latitude judgements, that seeding effects propagate to
unseeded regions only when changes are required to maintain a
coherent set of geographical beliefs, and that seeding per se does not
guarantee improved performance — depending on the particular seed
facts, post-seeding estimates can be more accurate than, less accurate
than, or identical to pre-seeding estimates (Friedman & Brown, 1999a,
1999b).

CONCLUSION

In this article, we have presented some highlights from our on-
going study of subjective geography. The work completed to date
has demonstrated that it is possible to use absolute location
judgements, location profiles, and seeding effects to investigate the
nature and accuracy of peoples’ geographical knowledge. This work
has also established that exposure to a small number of carefully
chosen seed facts can produce a marked improvement in estimation
accuracy (Friedman & Brown, 1999 in press a, in press b). Admittedly,
the selection of a good set of seed facts is, at present, as much an art
as a science. Moreover, long-term effects of the geographical seeding
have not been assessed (but see Brown & Siegler, 1996), and there
are as yet no demonstrations that teaching seed facts facilitates school
learning. Clearly, additional research will be required to establish
guidelines that will take the guesswork out of creating an optimal set
of seed facts, to demonstrate that seeding effects are long lived, and
to determine whether these effects can be produced in children as
well as adults. Although much work remains, we believe that these
issues are both interesting and tractable. Thus, we are optimistic that
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the seeding approach may one day play a useful role in the geography
classroom.
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Cross-Cultural Research in
Geographic Education: Some

Challenges and Realities
Rod Gerber

Geographic educators around the world are becoming increasingly interested in
research work on similar topics that are being conducted in similar and contrast-
ing settings around the world, e.g. in topics such as learning mapping skills, stu-
dents’ understanding of the world and environmental values. Of concern is the
extent to which these comparisons are reasonable, considering the different con-
texts in which they occur. It is, therefore, important for geographic educators to
appreciate the nature, challenges and benefits of cross-cultural research in geo-
graphic education. Key challenges such as language, methodology, stakeholders’
values, the situation/context, cross-cultural versus cross-national research and
extent of generalization of results need to be considered. In addition, the benefits
of cross-cultural research in geographic education, including internationaliza-
tion of outcomes, generalizability, collaboration amongst researchers, and im-
proved curricular development are worth noting.
Keywords: geographic education, cross-cultural research, research
methodology

I begin by reflecting on the following set of research studies
which geographic educators have considered over the past decade in
different parts of the world.

Study 1: An investigation in fifteen different countries of
children’s experience of place. A class of eleven year
old students in each country completed a common
written survey on how they felt about, used personally,

appreciated, and knew about places in their own
lifeworlds.

Study 2: A comparison of how the Indigenous people and
succesive other human occupants interacted with a
particular area over time. A research team combed the
regional archives to unearth information about the use
and modification of the area by these different groups

over different time periods.

Research in Geographic Education 1:14-37 Grosvenor Center for Geographic Education
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Study 3: Understanding the geopolitical reasons for interracial
conflict in a country as portrayed in the media. The
students and teachers in a geography classroom make a
detailed observational analysis of print and visual media
to ascertain the reasons for ongoing conflict between
two cultural groups. The class searches for evidence of
the conflict, underlying causes and examples of the
impact of this conflict on human attitudes.

Study 4: An investigation of community involvement in solving a
local environmental problem. A group of high school
students interview local people from different social and
cultural groups to find out their involvement in the
recent community action over deciding where to locate a
large shopping complex.

Study 5: A global investigation of demographic trends. A demo

graphic Geographic Information System is used by a
team of university undergraduates to investigate differ
ent demographic trends by country, e.g. birth rate, life
expectancy, and family size, to determine any evidence
of relationships between national cultural groups and
these different indicators.

Which of these investigations may be termed cross-cultural
studies? If they can be so classified, then what are the challenges and
benefits for geographic education from completing these studies?
These, and other questions, will be addressed in this paper in order to
illuminate the debate on cross-cultural research as it applies to geo-
graphic education.

WHY CULTURAL STUDIES IN
GEOGRAPHIC EDUCATION?

Geographic education researchers have held a fascination for
studies about people, cultural aspects and their environments for at
least thirty years. For example, in the 1970s, Carnie (1972) investi-
gated children’s attitudes toward other nationalities and Boden (1977)
analysed the promotion of international understanding through school
textbooks. In the 1980s, Haubrich (1987) gathered data from chil-
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dren in twenty-eight countries on how they see their country, and
Williams, Biilmann, Hahn and van Westrhenen (1984) reported on a
cross-national study of children’s attitudes. In the 1990s, Kent (1992)
investigated images of people, environment and life, while
Yangopoulos (1997) reported on students’ understanding of the rela-
tionships between environment and development issues.

They have done so because of the emphasis that curricular
and education policy documents have made on international and
multicultural education through geographic education. For example,
the International Charter on Geographical Education (IGU.CGE,
1992:6-7) emphasizes the role of geographic education to promote:

...understanding, tolerance and friend-
ship amongst all nations, racial and
religious groups and further([s] the ac-
tivities of the United Nations for the
maintenance of peace by actively en-
couraging:

a. an international dimension and a global perspective in the
education of people at all levels:

b. understanding and respect for all peoples, their cultures,
civilizations, values and ways of life; including domestic
ethnic cultures and cultures of other nations;

c. awareness of the increasing global interdependence of peoples
and nations;

d. ability to communicate with others;

e. awareness not only of the rights but also the duties incumbent
upon individuals, social groups and nations towards each other;

f. understanding of the necessity for international solidarity and
co-operation;

g. readiness on the part of the individual to participate in solving
the problems of their communities, their countries and the

world at large.

I suggest that the five studies mentioned in the introduction
can each relate to at least one of the seven aspects mentioned in the
International Charter. For example, Study 1 relates to (a) in the Char-
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ter; Study 2 relates to (b); Study 3 relates to (e); Study 4 relates to (g);
and Study 5 relates to (c). While these studies highlight different
approaches and types of cultural studies that geographic educators
can undertake, they also raise a range of research issues that must be
considered when making cultural studies. For example, in Study 1,
how can the students be sure that the questions in their survey will be
interpreted similarly by the children in each of the fifteen countries?
In Study 3, how can the researchers be assured that the data that they
are using are free from bias? In Study 4, if a range of students con-
duct their own interviews of local people, how do they know that the
interviews have been conducted consistently? These, and other re-
search questions, can be answered by reflecting on the nature of cross-
cultural research, its challenges and benefits, and how it may be used
to improve geographic education.

THE NATURE OF CROSS-CULTURAL RESEARCH

What constitutes cross-cultural research? Is it research that
compares some phenomenon, e.g. the concept of environment, across
two or more cultural groups? Is it a meta-analysis of the cultural
attributes held by people in countries around the world? Is it re-
search based on data obtained from different social groups in an area?
Is it a cultural study done in one place and replicated in different and
similar places around the world? Or is it research that is conducted
in one or more places by an international team of researchers who
come from different cultures?

These questions focus on the nature of the study and the back-
grounds of the researchers. Table 1 introduces a sketch of the orien-
tation type and scale of cross-cultural studies that geographic educa-
tion researchers may consider. Under the heading of the orientation
of the study, it is possible to think of :

1. Cross-cultural studies that search for the understanding of a
phenomenon by different cultural groups in areas of differing
scales;

2. Cross-national studies in which selected social and environ
mental criteria are analyzed at a national level, e.g. Environ-
mental awareness, landscape appreciation, and development edu-
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cation;

3. Intra-regional/national studies that focus on human occupancy
trends and activities;

4. Community-based studies in which a magnifying glass is placed
on the human behaviors of cultural groups within a specific
community; and

5. Socio-cultural studies that consider how the collectively

available resources in a society for thinking and manipulating
reality are shared by its people (Saljo, 1992:48). The choice of
the specific study depends on the purpose of the research, but it
also depends on the type of study that is being implemented.

Four types of cross-cultural studies are promoted: single cross-
cultural studies which may consist of any of the above orientations;
replications of a study in different social contexts within a country or
in different countries; comparative studies of a single cultural group
in different countries or regions or the direct comparison of different
cultural groups in a region or across regions; and a meta-analysis of
various cultural group in different countries.

The scale of cross-cultural investigation for geographic edu-
cators extends on a continuum from local studies through regional
and international studies to global investigations. Choosing the scale
for the study is influenced by the purpose of the investigation. For
example, the investigation of the impact of Chinese people around
the world on social and economic life is most meaningful if it is
conducted on an international or global scale because different groups
of Chinese people have settled in most parts of the world. However,
a study of Inuit will be confined to Canada because this is where they
live.

Cross-cultural studies may, therefore, consist of a mix of ori-
entation, type and scale of study. These variations are detailed in
Table 1 below.

We must, however, remember that cultural studies focus on
the human-made part of the environment and they involve both ob-
jective elements, such as tools, settlements and artifacts, and subjec-
tive elements, e.g. norms, roles, and values. In addition, the different
elements are linked together, and collectively they describe its func-
tion i.e. How the members of the group operate as a unit (Triandis,
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Orientation of the Study Type of Study Scale of Study
1. Cross-cultural study A. Single Study I. Local scale
2 Cross-national study B. Replication of a study II. Regional Scale
3. Intra-Regional study C. Comparative study III. International scale
4. National/International D. Meta-Analysis IV. Global scale
study

5. Community study
6. Socio-cultural study

Table 1. Orientation, types and acale of cross-cultural research studies.

1983:82). By extension, therefore, cross-cultural geographic research
studies derive their meaning from considering these elements, struc-
ture, and function as they occur within different spaces across differ-
ent cultural groups.

CHALLENGES FOR DOING CROSS-CULTURAL
RESEARCH IN GEOGRAPHIC EDUCATION

Doing cross-cultural research in geographic education is a
carefully planned and sensitive experience that brings with it a range
of challenges for the researchers that must be taken seriously for the
investigation to be successful. These challenges may be divided into
two groups: (a) situational, and (b) methodological. Appreciating
and addressing these challenges are essential for success in the re-
search enterprise.

Situational Challenges

Situational challenges in cross-cultural research are those as-
pects that relate to the people being investigated and the context in
which the research is conducted, including: the use of language, and
stakeholders’ values.

Collectively, they may be a direct part of the research, i.e. the
language used by the researcher in an interview, or they may influ-
ence the research in an indirect way, i.e. the language spoken by the
subjects in a study. Alternatively, these challenges may remain as
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insidious influences on both what the research yields by way of re-
sults and how the research is conducted. Either way, they offer an
impact on the cross-cultural research conducted.

The challenge of research context for geographic educators
is a direct outcome of the earlier work by ethnographers, e.g. Fetterman
(1989), and more recent socio-cultural researchers, e.g. Lave (1988)
and Rogoff (1990). Research enterprise is treated as a holistic expe-
rience in which the context or situation that the research takes place
is as important as the research questions and analyses of the study
because the context is immersed in cultural aspects, e.g. a valuing of
the willingness or otherwise to share information, the willingness of
adolescent boys and girls to talk freely to a “research” stranger. It
may be argued that research that ignores the context in which it oc-
curs ignores the bases for certain types of response and may not maxi-
mize the research question(s) in the study. Understanding the differ-
ent cultural contexts for studies on children’s learning about their
environment could yield very differing results if they were located in
Central Africa, Tibet or in the Australian desert. Some would argue
that the context actually mediates the research experience and offers
interesting cultural insights (e.g. Saljo, 1992). An example of the
role of context on a geographic education study is exemplified by
current research carried out by Lash (1999), who is investigating the
influence of Egyptian culture on the American-model university in
Cairo, Egypt.

The use of language can be an important side influence in
cross-cultural research for different cultures. Tzeng (1983: 224) states
that “Cultures differ in a variety of ways, ranging from inhabitant
surroundings, and life styles to language usage”. He draws our at-
tention to a range of cross-cultural common semantic features as char-
acterized by linguistic usage and context and suggests that an exami-
nation of them in different cultures yields considerable variations in
the understandings of health concepts, colors and interpersonal rela-
tionships. If this approach was used for environments and places, it
is reasonable to suggest that language would reveal another set of
culturally-based variations. If this discussion is applied to a study of
learning graphics in different cultural contexts, then the power of
language can be addressed in two ways - using language to elicit
responses and using language in making responses to data or research
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stimuli.

One example of these linguistic challenges is the study of
Australian and Swedish adolescentsi experience of graphics based
on quantitative information (Gerber, Ottosson, Boulton-Lewis, Bruce
and Aberg-Bengtsson, 1993). Adolescents worked with seven dif-
ferent graphics-maps, graphs and charts fi of an imaginary region fi
the GRAK world. The researchers reported the following linguistic
challenges that were experienced by the children.

1. Names of the countries in the GRAK world.

Swedish children did not feel that the country names includ-
ing Daseland, Agrian and Bovenesia were strange, although they had
trouble pronouncing these names. The Australian children experi-
enced difficulty both with the names and their pronunciation. They
preferred to code the countries A, B, C, D and E. Occasionally, chil-
dren from both countries used the name to interpret the material, e.g.
Daseland sounded like a desert area.

2. Difficulties with words used on the graphics.

Difficulties here were more associated with the age of the
children rather than their cultural background. These difficulties in-
cluded being able to read some works that appeared in titles, sub-
titles and legends, as well as being able to assign appropriate mean-
ing to the words once read. For example, some Australian children
had difficulty reading “population” and “agricultural”, whilst one
Swedish child read the word “value” (“varde” in Swedish) as
“weather” (“vader” in Swedish). Their understanding of the mean-
ing of these words was similarly problematic for some of the younger
children. However, some of the older Australian children had trouble
with the terms “GNP per capita” and “services.”

When these linguistic challenges are linked to the children’s
knowledge base and varying understandings of the world around them,
the children from both cultures experienced heightened challenge.
In the end, the researchers concluded that there were more similari-
ties between the two groups from differing cultures then dissimilari-
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ties.

The final situational challenge, stakeholders’ values, cer-
tainly adds to the two challenges mentioned earlier. The stakehold-
ers in a geographic education research study, as for most other em-
pirical studies, consist of the researchers and the participants in the
study. The values of researchers may vary depending on the cultural
composition of the team. One might assume that research is research
no matter where it is conducted. My suspicion is that it may not be
the case across different cultural groups because of varying domi-
nant research paradigms in particular cultures. The preference for
deductive, positivistic paradigms over inductive and constructive
research paradigms is evident in the competitive research grant
schemes in some countries, e.g. in Australia, whereas a balance be-
tween positivistic and constructivist research is accepted in Scandi-
navian countries. There is considerable potential for tension amongst
international research teams whose members come from cultures that
prefer particular research paradigms.

Those researchers who promote a socio-cultural approach for
investigations treat the research experience as an all-embracing ac-
tivity that considers very carefully the values of the participants in
the study. For example, geographic educators could expect quite
differing responses in a study on perceptions of urban environments
from children in a country that imposed heavy fines for littering, to
one where a cultural group littered widely because they were used to
all waste being biodegradable, to one that promoted the recycling of
waste products. In such cultural variations it is worthy of the re-
searchers to establish what environmental values are exhibited by
the participants in the study and to relate these values to the results of
the different cultural groups.

Hopefully, these three situational challenges offer a flavor of
the sorts of variables that researchers should consider when design-
ing cross-cultural studies. Such underpinning aspects are usually not
the focus of the research enterprise, but they certainly can provide
interest in the results from a cross-cultural perspective.

Methodological Challenges
Methodological challenges in cross-cultural research for geo-
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graphic educators to consider include the following: epistemologi-
cal issues, methodology of the research study, design issues and the
extent of generalization.

Taking epistemological issues first of all, geographic educa-
tors should accept the point expressed by Starr and Wilson (1980)
that “the conclusions reached by cross-cultural analysis are heavily
dependent upon both the confidence that can be placed in the gather-
ing of the data and the inferences made from such original data” (p.
146). They go on to say that this process can be considered as “the
sifting of data through a series of classificatory filters to the point
where generalizations remain” (p. 146).

By focusing on the phases in the research process, through
data collection, data retrieval and analysis, these epistemological is-
sues are elucidated. In the data collection phase, the status of the
investigator in his/her own society and in the research setting are
important. For example, a geographer from a Western country who
investigates children’s environmental values in several developing
countries may be viewed as a threat by the participants, thus yielding
incomplete or inaccurate data from the local children. Similarly, the
choice of data-gathering techniques could present an intercultural
challenge, e.g. the use of interviews may yield partially useful data
because the children are not used to talking about issues that affect
them personally. Another challenge for the data retrieval phase oc-
curs when geographic educators involved in international cross-cul-
tural studies do not collect all of their data themselves, e.g. it is col-
lected by colleagues in another country. How can they be sure that
there is comparability in the data gathered? Will the analyses show
data from all cultural contexts in a similar light, especially if transla-
tions of the dataset are required? Similarly, if there are variations in
coding data across different cultural groups then cross-cultural com-
parisons are a difficulty. In the analysis phase, the challenge for the
geographic education researcher is to explain the results from differ-
ent cultural groups. How have the different contexts influenced how
the children’s environmental values are exhibited? How will the
researcher’s biases and values influence his/her explanations of the
findings?

Study methodology issues do impinge on the success of
cross-cultural research in geographic education. Starr and Wilson
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(1980: 148-150) identify the following issues for consideration: data
quality control, multilingual comparisons, the role of the researcher,
and coding construction. The concept of data quality control was
developed by Naroll (1962) to account for the differing conditions
under which data are collected in different cultural settings. He sug-
gests the following tests to promote data quality control in cross-
cultural studies:

1. Collection of specific case reports by the researcher.
2. Use of participant observation and personal participation
in a cultural group as a key source of data.
3. The duration of time spent working with the cultural
groups to conduct the research.
4. Familiarity by the researcher with the language(s)
spoken by the participants in the study.
5. The role of the researcher amongst the group being
studied.
6. The explicitness and generality of the report from the
research (Naroll, 1962: 14-15)

This leads neatly into the consideration of different methods
for making multilingual comparisons. Theorists such as Brislin et
al. (1973) have drawn our attention to approaches such as back-trans-
lation (i.e. translating a passage from and back into a language), the
search for response discrepancies amongst translators for particular
data, and multiple translations of a single piece of data. In all of this
translatory challenge, the translation must be both readable and mean-
ingful. Therefore, geographic educators need to be sure that specific
concepts, e.g. cliff, city, delta and transport network, can be trans-
lated across the languages that are used when researching adoles-
cents’ understanding of geographic concepts across various cultural
groups. If not, then they will have difficulty in making cross-cultural
comparisons.

Geographic education researchers who are operating with
people in different cultural settings may allow their disciplinary bias,
their values, and the nature of their relationship with the participants
influence the results of their investigations. To reduce any such bias,
it would be wise to collaborate with other researchers from different
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cultural backgrounds when conducting cross-cultural investigations.
These collaborators can offer variety in data collection techniques
and a check on the accuracy of the observations made by the research
team. Personal biases by researchers can be exposed and more than
one data-gathering technique can be used to cross-check the partici-
pants’ responses. It may mean that the main researcher allows local
collaborators to collect the data and he/she keeps at arm’s length from
the process until the analysis phase.

The challenge of how to introduce concepts into research in
different cultural groups has to be faced by all geographic educators
who engage in international research. Starr and Wilson(1980; 150)
propose that one effective way to deal with this challenge is to use a
series of categories rather than a researcher’s judgement of the pres-
ence or absence of a particular form of behavior, e.g. in judging ado-
lescents’ wayfinding abilities. It could be better to have each partici-
pant draw a map of a route, actually complete the wayfinding task,
and to describe the route verbally. Then, a more comprehensive judge-
ment can be made of the adolescents’ wayfinding ability. The pro-
cess would also be assisted if the analysts interpreting these data had
some previous experience (real or simulated) in making judgements
on similar data.

DESIGN ISSUES

Geographic education researchers should encounter a variety
of design issues when they are formulating their cross-cultural stud-
ies. These have been summarized by Triandis (1983: 28) as follows:

1. The appropriateness of the method to the culture and to
the complexity of the research problem.

2. The accuracy of the research procedures used and issues
of validity .

3. The replicability of the results across time, persons and
measures.

4. The extent of contextual depth affordably the research
instrument.

5. Sampling issues.
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6. Ethical acceptability of the purpose, methods and proce
dures used in the research, and the relationships amongst
the research team.

Responding to these six issues usually results in some form
of compromise in the selection of research methods. For example,
there is little evidence available on which methods are best for re-
searching in different cultures. However, data-gathering using inter-
views often works better in Western cultures, whilst data gathering
using drawing works well in some Asian cultures who have complex
written language systems. Contextual depth varies in experimental
studies, which do not focus heavily on the research context to expe-
riential qualitative studies that consider the context centrally in the
research investigation. Sampling issues are central in experimental
studies, but they are minimized in holistic qualitative studies. The
replicability of results from the research investigation is important in
positivistic, deductive studies, whereas it is much less important in
situated investigations. There is no easy answer for geographic edu-
cators in this regard. Ostensibly, in cross-cultural investigations, these
design challenges are addressed on a case-by-case situation. The
importance of accepted principles relating to a research paradigm
become important as the particular research study is conceptualized,
designed and implemented in the different cultural settings.

What then is the extent of generalization in cross-cultural
research? This question may be answered by focusing on dualistic
and non-dualistic approaches to research. Using a dualistic approach,
cross-cultural researchers concentrate on the systematic relationships
in human behavior without considering the context of which the be-
havior occurs, e.g. studies in children’s learning of environmental
concepts. Generalizations are explained as:

1. Regularities and variations in behavior in different
social contexts.

2. The testing of hypotheses about the relationships be
tween these elements.

3. Explanations of the conditions in which particular
configurations of elements are likely to occur (Starr and
Wilson, 1980: 148).
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In non-dualistic or holistic studies, the focus is on relation-
ships that develop in a specific context when cultural groups behave
in some way, e.g. the conceptions that adolescents have of globaliza-
tion. While extremists would claim that every context is unique and
hence no generalization is possible, a more realistic approach is to
acknowledge the distinctiveness of the context and to seek out pat-
terns across the various individual studies using triangulatory proce-
dures. Such studies complement particular individual case studies.

Taken together, these challenges act as beacons to warn un-
wary geographic education researchers that there are pitfalls in cross-
cultural research that must be taken seriously. Careful consideration
of the context for the research, the language used in different con-
texts, the underlying values held by the researchers, together with
epistemological and methodological issues all should be addressed
for each cross-cultural study. If not, some potentially powerful stud-
ies will lose their impact and worth to the wider geographic educa-
tion and research communities. However, there are benefits from
doing cross-cultural research in geographic education that also need
to be considered and valued. These are reasons why cross-cultural
research in geographic education should be valued.

BENEFITS OF DOING CROSS-CULTURAL RESEARCH
IN GEOGRAPHIC EDUCATION

For geographic educators, the benefits of cross-cultural re-
search may be methodological, pedagogic and/or personal. An elabo-
ration of these types of benefits follows.

Methodological Benefits

Methodological benefits from doing cross-cultural research
in geographic education are derived basically from Brislin, Lonner
and Thorndike (1973: 6-7) as follows:

1. A culture in which people live can be considered an
experimental treatment. Using positivistic research
approaches, the key elements of the culture in which a
study is conducted may be treated as variables in an
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experimental research design and their affects measured,
and then related to other variables in the study. This will
allow positivistic researchers to claim linkages between
the context and the other variables being measured, e.g.
the relationships between cultural elements and stu
dents’ performance in interpreting photographs.

The differential occurrence of a particular behavior or
trait can be documented from culture . If an interna-
tional investigation of fieldwork was conducted in
countries such as Mexico, Finland, Ghana, Singapore
and New Zealand, and different secondary schools were
chosen in each of these countries, it is most likely that a
cross-cultural study will result even if similar questions
were asked in each school setting. The actual studies
may be treated as separate cases of the central project
aims and a search can be conducted through triangula
tion of the common aspects of fieldwork across these
countries. If the study of fieldwork was conducted
through a survey of teachers in these different settings,
cross-cultural variations can be achieved by completing
comparisons across the data by cultural group.
Cross-cultural studies can indicate behavior patterns not
present in the researcher’s own country. A study of
environmental conservation in different countries may
produce variations in students’ behaviors in practicing
conservation in their local environment. If the results of
these studies are compared to the results in the
researcher’s home country, they may offer alternatives
for action that geographic educators may wish to use.
Alternatively, these variations may cause the local
students to reflect more powerfully on their behaviors
and possibly to adjust them in their use of their environ
ment.

The cross-cultural researcher can test hypotheses with
existing sets of data. Providing there has been a consis
tency in the collection of the data, it is possible for the
researcher to analyze different cultural variables in the
data across the different cultural groups to establish
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linkages. The resulting analyses may be used to test
particular hypotheses. For example, in the investigation
of the regular use of their local environment by boys and
girls in different cultures, a hypothesis may be tested
that boys make wider personal use of their local environ
ment than girls.

5. An efic approach to understanding cross-cultural studies
is preferable. This approach studies behavior from
outside of the system; examines and compares cultures;
creates the structure of the structure by the analyst (i.e.

offers the researcher a framework for organizing the
research in the particular cultural situation); and seeks
universal criteria (Brislin, Lonner and Thorndike, 1973:
164). This is opposed to the emic methods, which focus
on the concepts, stimuli and behaviors that are common
in a particular cultural group. Triandis (1983: 86) argues
that researchers should use emic methods to measure
etic constructs.

Pedagogic Benefits

Pedagogic benefits from doing cross-cultural research in geo-
graphic education can be substantial. Studies, for example, into
children’s mapping abilities - to draw and interpret maps - have dem-
onstrated various understandings and guidance for geographic edu-
cators in different countries. For example, an investigation of the
use of maps and graphics in geography textbooks, school atlases and
teacher education in 14 varying countries e.g. China, Germany, Bra-
zil, Canada, India and Uganda, demonstrated extensive variations to
the use of maps and graphics in geographic education, which reflected
the cross-cultural variations. For example, in regard to school at-
lases, a form-function analysis revealed these variations. Form char-
acteristics focused on communication factors (e.g. purpose and fig-
ure-ground relationship); technical factors (e.g. map type, color and
cartographic symbols); sequence; physical attributes of the atlas; and
materials to support learning. Functional characteristics investigated
included: skill development within the atlas maps; the extent to which
the atlas performed a gazetteer function; the treatment of thematic
studies; links to users’ levels of cognitive development; and users’



30 Gerber

attitudes to the maps in the atlas. Using the examples of the purposes
of maps in these atlases, at the lower secondary level of schooling, in
India (67%) and Brazil (64%) most of the maps represented physical
features. This percentage was 43% in Uganda, 42% in Germany,
40% in Australia, but lower in Canada (22%), Nigeria(32%) and the
Netherlands (33%). The decrease in physical maps was generally
replaced by more focus on social, economic and demographic maps.
These variations reflect the differing emphases in the school geogra-
phy curricula at the lower secondary level.

When all of the characteristics mentioned above have been
analyzed, pedagogic implications can be proposed in the respective
countries. These were presented as a set of case studies for countries
including Hong Kong, Nigeria and the Netherlands (Gerber, 1992:
101-122). In Uganda, the focus is on interpreting topographic maps;
in the Netherlands, the learning focuses on map analysis, map read-
ing/interpretation and cross-country comparisons; and in Nigeria, the
focus is on developing competence in the elements of maps prior to
map interpretation exercises using mainly topographic maps.

These pieces of pedagogic advice, although varying across
countries, reflect the types of guidance for curricular policy makers
that is being given and often used to improve geographic education
in the particular country. The benefits for geography curricula from
cross-cultural research vary depending on the orientation taken by
curriculum developers. A heavily environmental and economic ap-
proach to geography in the Russian secondary school curricula does
not accentuate cross-cultural differences. A systematic regional ap-
proach to world geography in American high schools does by infer-
ence and some comparison draws out cross-cultural variations. More
humanistic approaches to geography curricula do allow for greater
emphasis on human and cross-cultural studies. One reason why ge-
ography is losing its place in school curricula in some countries is
that too much emphasis is placed on cross-cultural studies and more
integrative approaches, e.g. environmental education, become favored.

Personal Benefits

The personal benefits amongst geographic education research-
ers that derives from international research teams working together
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on specific projects offers an intangible, medium to longer-term ben-
efit. All members of the research team, through working with data
from different cultures, start to appreciate the various ways in which
participants from different cultures address research questions, ex-
press themselves when describing their geographic experiences and
interpret similar stimuli when engaged in research tasks. They bring
differing values to the research experience, as do the researchers.
Astute researchers will harness these variations to improve the way
in which they design different cross-cultural research studies. The
lasting friendships that develop amongst collaborating teams of in-
ternational researchers should not be under-estimated in the devel-
opment of cross-cultural research in geographic education.

AN EXAMPLE OF CROSS-CULTURAL RESEARCH
IN GEOGRAPHIC EDUCATION

A brief illustration of constructive cross-cultural research is
that conducted by Blaut, Stea, Spencer and Blades (1997) into map-
ping as a cognitive and cultural universal. These British and Ameri-
can researchers conducted a series of studies with young children (3
to 5 years of age) in Iran, Mexico, South Africa, the United Kingdom
and the United States of America to consider how these children in-
terpreted a large-scale vertical aerial photograph and how they car-
ried out a simulated navigation task on the photograph. Essentially,
these studies tested the hypothesis that *pre school-age children in
all cultures can read and use air photos without training, hence can,
in a fundamental sense, deal with maps.” They concluded that the
majority of the children in all five cultures were able to complete the
mapping tasks set for them, e.g. name the air photo, identify features
on it, and solve a navigation game involving car travel using a photo-
graph (Table 2).The researchers also concluded that the modest fea-
ture identification scores in Iran and Mexico occurred because the
children used air photos of unfamiliar English landscapes.

What is noticeable about these results is that they focus on
the key aspects of map-reading for pre-schoolers, i.e. scale and per-
spective, rather than the semantics of maps. Since the children from
the five different cultural contexts were able to achieve at least rea-
sonable results, the researchers concluded that the results offered
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strong support for the following hypothesis: “map-reading abilities
are present cross-culturally in pre-schoolers in urban communities
with relatively high adult literacy rates” (p. 27). They declare that
these findings contradict previous ones that indicated that non-West-
ern children exhibit slower cognitive development than Western chil-
dren of similar ages. Since no one had taught these children how to
read maps, the results indicate that pre-school children do possess
some mapping abilities, which the researchers claim is “a human
adaptation to the need, found in all cultures since prehistoric times,
to understand and communicate information about the geographic
environment, its resources, routes, and dangers” (p. 5).

While the generalizability of these results is tempting and
encouraging, the researchers acknowledge the need to conduct a wider
number of cultural studies to empower those results obtained in the
first set of studies.

THE PROMOTION OF CROSS-CULTURAL RESEARCH
IN GEOGRAPHIC EDUCATION

The call for improved international understanding occurs
monotonously in geographic education. While different advice is
provided to achieve this, e.g. study different regions of the world,
learn another language, know about more and varied places around
the world, using the results from cross-cultural research to inform
developments in geographic education is quite a powerful approach.
What follows are some suggestions about how cross-cultural research
can be both promoted and promoting in geographic education.

1. Harness the results of cross-cultural research and the
interests of researchers in doing such research through
relevant networks and professional bodies. The Interna-
tional Geographic Union Commission on Geographical
Education is a very good example of how both a net-

work and a professional body can use the results of
cross-cultural research to promote geographic education.
This group of geographic educators from countries
around the world interacts interpersonally at confer-
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Study Site Number of Mean Number of Correct Navigation Task
Children Features Identified (% correct)

York (UK) 20 5.2 70%
Durban (RSA) 20 6.6 60%
Teheran (Iran) 30 2.1 58%
Mexico City 20 3.0 80%
(Mexico)

Evanston (USA) 24 4.1 88%

Table 2. Children’s performance on mapping tasks. Source: Blaut, Stea,
Spencer, Blades (1997;27).

ences in which the results of research, including cross-
cultural research, are shared and discussed. Direct
International comparisons are made and personal
reflections abound. On occasion, the results of this
research can emanate as a specialized publication that
has a cross-cultural focus, e.g. Geography Education in
Multicultural Societies (Smit, 1998). Also, the results
can be used as a basis for major policy statements, e.g.
the International Charter on Geographic Education
(IGU.CGU, 1992).

2. Highlight the merits of teams of geographic educators
from different cultural backgrounds working
collaboratively on specific research investigations. The
interaction amongst the researchers in this team say a
great deal about cross-cultural differences being used to

work out sound investigations in their different con-
texts, often involving the use of different languages,
values, and geographic meanings for similar concepts.
The dynamics amongst such research teams may be
explained in socio-cultural terms as the development of
shared symbols and understandings that enable a re-
search study to be completed successfully and

with quality. Such promotion will enhance the globaliz-
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4,

ation of cross-cultural research in geographic education.
Encourage geographic educators, in particular countries,

to use one of their classes to interact (probably elec-
tronically) with the class of another geographic educator
in another country. Using an action research methodol-
ogy, the educators can develop comparisons of cultural

differences in the three classes: 1) variations in ways of
learning geography; 2) variations in geographic termi-
nology; and 3) differing and/or similar perceptions of the
world as seen by the students. The benefits of such
interaction may include: the development of a wider
geographic knowledge base; an empathy for the views of
the students in the other class; an appreciation of differ-
ing lifestyles and uses of the environment; and better
global understanding. Reflections by the educators,
together or individually, can be used to refine the ap-
proach and to make judgements about the outcomes.
Improve the accuracy and quality of cross-cultural
materials in geography textbooks. Cross-cultural studies
demonstrate how different cultural groups use their
environments, understand such usage and how it com-
pares to the usage in other countries, and what the cul-
tural symbols are that local inhabitants perceive, know
and use, as opposed to the stereotypes that are painted
by textbook authors, often through cursory investiga-
tions, direct or indirect, of particular cultural groups.
More comprehensive understandings of different cultural
groups by textbook authors can minimize bias and
present geographic studies that capture local values
rather than imposed values.

. Encourage students in geography classes to become

cross-cultural “researchers” by helping them to search
for specific cultural elements when undertaking investi-
gations. Such cultural elements may include: patterns of
dress, methods of economy activity, the use of particular
technological innovations, patterns of social interaction,
beliefs and behaviors relevant to the regulation of the
place of humans in the universe (region), and behaviors
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that are required in communication (language).

(Triandis, 1983: 83) Through linking these cultural
elements with human occupance of places, spatial inter-
action, and aerial distribution patterns, the students can
introduce culture into geographic studies.

6. Promote a stronger human focus in studies in geography.
If a human orientation rather than a physical orientation
was adopted in geographic education, the adoption of a
cultural focus in the study of geography would almost be
assured. The human-environment interaction would
then become one in which human action, behavior and
occupance would be underpinned but not dominated by
the physical environment. This is not to downplay the
effect of the physical environment on human occupance
of land areas. It does, however, give an impetus to focus
on the people rather than landforms.

Collectively, these suggestions encourage a stronger people
focus for geographic education in the twenty-first century. It is a
focus that students will require as they interact much more power-
fully with communications technologies in familiar and unfamiliar
human and physical environments.
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A Functional Taxonomy For
Mapping In Geographic

Education
Henry W. Castner

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.
Keywords: taxonomy, mapping in geographic education, tasks in map use,
geographic thinking.

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? Atplay? 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 ataxonomy 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 aresult, 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, €.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
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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 1. A taxonomy of map use tasks.
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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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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
(corners, 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 aresult, 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?” Atthe 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. Ifthey 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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(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. Ofthe 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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A Schema Theoretical
Approach to Understanding
Map Readings

Joan Maier

This two-year study employed a modified grounded theory research methodology.
Two questions guided this study: 1.) Could schema theory explain map reading?
2.) Could schemata and processing strategies for map reading be identified and
characterized? The subjects voluntarily interpreted a familiar and then an unfa-
miliar map followed by probing questions that query the subject to think “out
loud” in order to clarify their voluntary responses. Individual subjects’ protocols
were compiled for constant comparative analysis. These procedures resulted in
(1) evidence that supports the application of schema theory to explain map read-
ing; and the development of schemata and processing strategies categories.
Keywords: schema theory, map reading, comprehension, geographic
literacy, processing strategies

Geographic educators believe that geography is the content
that provides the knowledge and skills necessary to compete in the
world’s “global community.” In previous decades results of numer-
ous studies indicated that United States elementary, high school, and
college students were achieving geographic knowledge at levels be-
low expectation of geographic educators (Barrows, 1981; NAEP,
1979, 1988). The 1994 National Assessment of Education Progress
(NAEP) geography assessment provided solid, extensive base-line
data of United States students in grades 4, 8, and 12 that indicated
the need to continue improving geographic literacy. One direction
geographic educators are pursuing to improve geographic literacy is
an application or development of learning theories supported by re-
search that could explain how geographic knowledge and skills are
learned. They believe that this approach would provide information
that could aid the designing of more effective geography curricula,
instruction, and assessment to employ with students, which in turn
could improve geographic literacy.

Several of the geographic education studies that have been
conducted are focused on map reading ability and are traditionally
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based on the psychology of the learner as described by Piaget’s mod-
els of spatial concept development and cognitive development (Cooke,
1979; Downs, Liben & Daggs, 1988; Eliot, 1972; Pufall & Shaw,
1973). However, theorists and researchers in various fields (Chi et.
al., 1982; Downs & Liben, 1991; Tomlinson-Keasey, 1982; Torney-
Purta, 1991) have identified apparent shortcomings of Piaget’s cog-
nitive development theory and spatial concept development model.
As a consequence, they have begun to utilize more inclusive expla-
nations that focus on cognitive processes (e.g., assimilation, accom-
modation, and equilibration) of the learner and learning.

Schema theory from cognitive psychology is one of the ap-
proaches theorists have used to explain why and how humans go
beyond the given in sensory input to bring order and meaning to the
processes of perception, comprehension, learning, and remembering
(Anderson & Pearson, 1984; Ausubel, 1960; Bartlett, 1932; Shank
& Anderson, 1977). Schema theory is based on the following as-
sumptions. It is assumed that learning is a cognitive process of giv-
ing personal meaning to public information. Second, it is assumed
that every individual constructs a somewhat idiosyncratic meaning
for information. Third, the knowledge and conceptions (and mis-
conceptions) the learner brings to the learning task have substantial
influence on learning. Prior knowledge, particularly that specific to
the domain being studied, is important. Fourth, the process of ac-
quiring meaning from text, oral discourse, or the social world and of
remembering information is related to knowledge structures called
schema (plural-schemata). Fifth, meaningful learning entails encod-
ing oral or written discourse by relating it to existing knowledge struc-
tures (Torney-Purta, 1991).

For at least the past three decades, reading educators applied
schema theory to the process of comprehension for reading written
discourse. Research in reading education demonstrated that what is
critical for comprehending written discourse is activated schemata
(Anderson & Pearson, 1984; Anderson & Prichert, 1987; Devine,
1986; Johnston & Pearson, 1982). If schema theory, as applied to
reading comprehension, is supported empirically to explain how stu-
dents comprehend maps, then the interactive relationship between
what the map-reader brings to the map reading task and the very
nature of the map text itself is very important. The map-reader’s
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schemata govern the map text that is comprehended, learned, and
remembered. The map text delimits the activation and construction
of the map-reader’s schemata. A schema-theoretic view of map read-
ing would mean that map-readers do not comprehend graphic and
linguistic information from maps a bit at a time until each bit finally
comes together as understanding. Instead, they make sense of what-
ever they know about a map from the very beginning. Thus, without
substantial prior knowledge to build on, the comprehension of and
learning from maps is likely to be superficial, fragmentary, difficult
to apply, and quickly forgotten.

According to Abler, Marcus, and Olson (1992), “maps have
traditionally been connected to the core of geography in three ways:
they are products of geographic inquiry, they are analytic tools, and
they are themselves objects of study as a means of conveying infor-
mation” (p. 3). Many geographers view maps as complex texts that
convey information by using both linguistic and graphic symbols to
represent particular spatial environments of Earth (Downs & Liben,
1991a; Natoli & Bond, 1985). Some geographic educators describe
map reading as a cognitive constructive process that involves both
spatial and linguistic knowledge (Castner, 1990; Downs, Liben &
Daggs, 1988; Hardwick, McIntyre & Pick, 1976; Lynch, 1960,
Mandler & Johnson, 1976; Okabayashi, 1983; Patton, 1997; Shimron,
1975; Thorndyke & Stasz, 1979). When maps and map reading are
viewed from these perspectives, then the comprehension process as
defined by schema theorists in reading education would be related to
map reading.

While a review of the literature indicated the significant role
of schema theory for explaining comprehension of written text, the
research that related schema theory to the comprehension of map
text is sparse. A schema-theoretic view of map reading would mean
that map reading curriculum, instructional strategies, and the assess-
ment of map reading would be based on a “learning theory model.”
This learning theory model would emphasize teaching map reading
for understanding instead of simply “map skills.” Teaching map read-
ing for understanding could mean that more information on maps
would be comprehended, learned and remembered. This research
applied a schema-theoretic view to an understanding of map reading,
which provided data for further studies and useful information for
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A pilot study was conducted in Spring of 1992. In Spring of
1993, data for this study were collected. The sites for collection
were rural, urban, and suburban schools in Illinois that provided sub-
jects who were socio-economically diverse. Across all three sites,
104 seventh grade students were selected and administered the Ge-
ography Map Reading Test (Maier, 1993). Based on the test results
and specified criteria a pool of 48 possible subjects from all three
sites were identified. During teacher interviews the pool of 48 pos-
sible subjects was narrowed to the 24 subjects, 8 from each site. The
8 subjects identified from each site represented 4 males and 4 fe-
males. Average age of all subjects was 12 years and 6 months.

The 24 subjects participated individually in a map tasks ses-
sion in which they were asked to interpret two previously selected
physical-political maps (e.g., thematic maps depicting basic natural
features and political boundaries) from the seventh grade Glencoe
textbook, World Geography: A Physical and Cultural Approach
(1989). The Glencoe, 1989, textbook was selected because the sub-
jects or teachers in all three sites did not use it for instruction. The
subjects’ teachers rated six different physical-political maps from the
Glencoe, 1989, geography textbook to determine the subjects’ famil-
iarity of maps. The two maps, one familiar and one unfamiliar, which
received a near total of 95% consensus among all teachers, were used
in the map tasks session. The teachers rated the United States maps
as the “most familiar” and the map of South Asia as the “least famil-
iar.”

The use of familiar and unfamiliar maps represents an adap-
tation of a research model utilized in reading research to determine
the effects of prior knowledge structures on comprehension (Wilson
and Anderson, 1986). The two physical-political maps from the
Glencoe, 1989, textbook were virtually identical in spatial and lin-
guistic cartographic structure. The only manipulation was subjects’
familiarity with the map content. It was assumed that the role of
prior knowledge structures as applied to comprehension was opera-
tive during map reading if map content familiarity accounted for vari-
ance in map comprehension during both voluntary and probed re-
sponses of each subject.

The map tasks sessions were approximately 40 minutes in
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length, and each subject’s responses were video tape and audio tape
recorded for later transcription and analysis. The subjects were told
that the purpose of the study was to learn how seventh graders read
maps. They were provided the following map task directions in ver-
bal and written format:

1. You will be given a map to read.

As you read, at anytime, say aloud what you would tell
someone this map is mainly about?

3. Discuss anything about the map or how you are reading

it.

4. You will not be stopped or assisted once you begin.

5. When you finish reading and talking about the map, I

will ask you some questions about the map.
Next, they were given an opportunity to practice responding to “think
aloud” questioning techniques on a topic other than
geography. The above directions were repeated and then the subject
was shown the familiar map.

The map of the United States was presented first to the sub-
jects for their unassisted and uninterrupted response. When ready,
the subject began talking about the map. The researcher recorded
the length of time for uninterrupted and unassisted reading (volun-
tary responses) of each map. After the subject finished voluntarily
telling the researcher about the United States map, the researcher
asked the subject probing “think aloud” type questions related di-
rectly to the subject’s initial responses. When the subject finished
answering the “think aloud” probing questions for the United States
map, the map of South Asia was then presented and the previously
described procedures were followed.

The researcher employed “think aloud” questioning tech-
niques as a metacognitive approach to access the schemata and pro-
cession strategies the subjects used to assimilate or accommodate
the meaning of the map. These “think aloud” questions related di-
rectly to the subject’s voluntary, uninterrupted responses for both
maps. The framework for the researcher’s “think aloud” questioning
with each subject for both maps was:

Extending Understanding
What do you mean by ?
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You said , tell me more?
How did you figure ?
Tell me how you made decision?

Elaborating Understanding
What helped you understand this map?
Would you change anything on this map? Why?

The constant comparative method (Glaser & Strauss, 1967)
was used to analyze and reduce the data into codifiable categories
and properties. The techniques of constant comparative method that
were employed included analytic induction, axial coding, negative
cases, memoing, constant comparison, and taxonomic analysis. This
researcher conducted the in-field and post-field analysis. Then, 88
randomly selected quotes were highlighted and left embedded in eight
randomly selected subject protocols to be analyzed by an indepen-
dent panel of experts. The panel of experts was instructed to analyze
the quotes for prior knowledge structures’ categories and processing
strategies that were identified and characterized previously by the
researcher. A modified Delphi method was used to reach a consen-
sus with consensus being defined as agreement by 2 of the 3 mem-
bers of the panel. Interrater reliability was recorded as percents that
represent 2 out of 3 agreements on all categories and processing strat-
egies.

FINDINGS AND IMPLICATIONS OF THE STUDY

Data from this study supports the interpretation of schema
theory applied in this study, in that, the process by which written
discourse is comprehended is analogous to the process by which maps
are comprehended. In common parlance with written discourse one
“reads” a map. The role of prior knowledge structures as applied to
comprehension of written discourse was operative during map read-
ing because map content familiarity accounted for differences in map
comprehension.

The greater frequency and median of correct information units
that all subjects expressed for the familiar map compared to the greater
frequency and median of confused information units and no infor-
mation units that all subjects expressed for the unfamiliar map pro-
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vide evidence of the effects of prior knowledge structures on map
comprehension (Table 1). Correct information units, confused infor-
mation units, and no information units were coded and calculated by
subjects’ idea units expressed while reading the United States and
South Asia maps.

The definition of idea units that emerged from the data was a
dependent or independent clause with a stated or understood subject
that, together with its modifiers, formed a single idea (see, Pritchard,
1990 p. 278). Subjects often did not speak in complete sentences but
rather in strings of clauses connected by the conjunction “and”. For
example, Subject 5 said, “It’s the United States and it shows regions,
and it shows big cities and capitals, and rivers, lakes, and oceans and
there’s the Atlantic Ocean, Pacific Ocean and the Great Lakes.” This
string of clauses was analyzed for the stated or understood subject(s),
together with modifiers that formed a single idea unit. The example
provided above was coded as having four idea units.

The correct information units category involves subject re-
sponses that were accurate idea units about the maps. For example,
the verbatim subjects’ responses listed below were codified as cor-
rect information units:

Subject 1 This is a physical and political map of
the United States.

Subject 6 The key show (that) the white color is
the highest land.

Subject 24 Capitals is where the government is
located.

The confused information units category involves responses
that range from completely incorrect information to partially correct
information or correct information that lacks a salient focus. These
verbatim subjects’ responses provide an example of idea units that
were codified as confused information units:

Subject 2 ...the scale tells you what the map is
about.
Subject 8 The Hawaiian Islands at one time was

connected to the mainland of the
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United States, but an earthquake
caused them to drift away out into the
Pacific Ocean about 90 miles away
from the west coast.

Subject 24 The dots mean it was a capital before.

The no information units category represents when subjects
were unable to give any information during follow-up probes. The
subjects either gave no reply or stated that they “did not know.”

Differences were found among the correct information units,
confused information units, and no information units categories be-
tween the United States map and the South Asia map reported by all
subjects in Table 1. Even though the minimum correct information
units for the United States map was 12 idea units, all subjects re-
ported more correct information units for the United States map than
the South Asia map. The difference of the correct information units
median of 36 for the United States map and the median of 18 for the
South Asia map represented a 2:1 ratio. The subjects expressed more
confuse information units for the South Asia map than the United
States map. The difference of the confused information units me-
dian of 7 for the United States map and 14 for the South Asia map
was aratio of 2:1. The subjects’ expressed 119 total no information
units for the South Asia map as compared to a total of 48 for the
United States map. The no information units difference between the
median of 1 for the United States map and the median of 4 for the
South Asia map was a ratio of 3:1.

The frequency with which correct information units, confused
information units, and no _information units were used differed ac-
cording to whether the subjects were reading the familiar map (United
States) or the unfamiliar map (South Asia). The greater number and
median of correct information units subjects expressed for the United
States map compared to the greater number and median confused
information units and no information units subjects expressed for
the South Asia map provide evidence of the effects of prior knowl-
edge on map comprehension. When reading the familiar map, read-
ers were more likely to use their prior knowledge to comprehend
more accurately map information. These findings suggest that hav-
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ing relevant prior knowledge for a map facilitate the comprehension
process. The greater number of confused information units and no
information units in the subjects’ interpretation of the unfamiliar map
also supports the importance of schemata in map comprehension.
These findings suggest that having non-relevant or no prior knowl-
edge for a map limits the comprehension process. Predicted by schema
theory, comprehension occurs when the map-reader evokes prior
knowledge structures that explain the whole map message (Table 1).

The second finding was that similar domain-specific prior
knowledge structures and processing strategies used by these sub-
jects while reading two physical-political maps could be identified
and characterized. As the subjects talked about the maps and re-
sponded to probing “think-aloud” questions, they revealed “what”
(knowledge structures) they understood and “how” (processing strat-
egies) they understood the whole map message. Two classifications
developed represent the core categories of domain-specific knowl-
edge structures and processing strategies used across all twenty-four
subjects at least three times on both maps. Accuracy of the informa-
tion or effectiveness of the schemata and processing strategies were
not a property for identifying these core categories. What schemata
and processing strategies did the subjects have and use was the ini-
tial focus of interest for developing two of the classifications. The
other two classifications developed represent the core categories that
characterized the accuracy, quality, and extent of the knowledge struc-
tures and processing strategies used across all 24 subjects at least
three time on both maps.

Because the classifications were developed from the subjects’
map reading, they do not represent all possible knowledge structures
and processing strategies to comprehend physical-political maps or
different types of maps. Nevertheless, they do represent a list of the
schemata and processing strategies, which emerged from these sub-
jects attempting to construct their individual interpretations of the
two physical-political maps used in this study. These findings sug-
gest that map reading is a content-specific activity; that is, when the
content of map materials changes, different knowledge structures and
processing strategies could emerge. Together these classifications
provide a starting point for understanding knowledge structures and
processing strategies used to comprehend physical-political maps.
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Correct Information Confused Information No Information
Voluntary & Probed Voluntary & Probed Only Probed Responses
Responses Responses

United States South Asia | United States South Asia | United States South Asia
Familiar Unfamitiar | Familiar Unfamiliar | Familiar Unfamiliar
Sum 960 523 1 250 386 | 48 119
Range 12-83 9-60 | 0-29 140 | 0-7 0-15
Median 36 18 7 14 1 4

Table 1. Coding frequencies of idea units expressed for United States and South
Asia maps.

As an example of the classifications that emerged from the
data, the domain-specific prior knowledge structures used by these
subjects along with representative subject quotes is reported in this
paper. Domain-specific knowledge structures are identified in this
study as the schemata that summarize information and represent the
relationships among components of procedural, semantic, and epi-
sodic knowledge. In other words, “what” the subjects know to make
sense of the information represented on these maps. The interrater
agreement on 88 embedded excerpts from subjects’ protocols on
domain-specific schemata across all three panel of experts members
was 82 percent.

DOMAIN-SPECIFIC KNOWLEDGE STRUCTURES FOR
TWO PHYSICAL-POLITICAL MAPS

Listed below are the six core domain-specific knowledge
structures that emerged from the data along with representative quotes
from subjects’ protocols.

(1)  Spatial configuration and location knowledge,
A. Initial Spatial configuration on Earth

Subject 5 “It’s the United States.”
B. Existence on Earth

1. Name recognition
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Subject 11 “...I’ve heard of St. Louis...”
2. Visual recognition
Subject 12 “I’ve seen maps of the U. S.
before...”

3. Direct experience

Subject 16 “Since I've lived here...”

C. Relative location
Subject 1 “Well, it’s (U.S.) by the Pacific
Ocean and the Atlantic and it’s between
Mexico and Canada.”

Place Knowledge

A. Cultural features- type, configuration, purpose
Subject 8 “...India has people on it with dif-
ferent languages, different cities, and there’s
three capitals.

B. Physical features- type, configuration, purpose
Subject 16 “The Rocky Mountains are right
here and they’re the biggest in the United
States.”

Map Structure Knowledge
A. Symbolic representation of place
1. Linguistic
Subject 24 “Reading the words Rocky Moun-
tain hit me first and I know the Rockies are in
United States...”
2. Graphics
Subject 11 “...the most important mountains
are bolded out...”
Map elements- scale, title, legend, directional indicators

Subject 4 “...the scale shows...”
Subject 9 “...the title...says South Asia”
Subject 11 “...the key it shows a dot stands

for...”
Subject 18 “...this has N right here, means
north...”

Map function
Subject 16 “...this map could tell me where
different places are located...and I could see



78 Maier

where to mail something...”

(6)  Personal Perspective Knowledge- viewpoint, opinion
Subject 12 “...I think most Americans are
Christian and Jewish...I think Indians are a
different religion...”

THEORETICAL IMPLICATIONS AND
RECOMMENDATIONS FOR RESEARCH

The study extended the scope of the application of schema
theory, as it is used to explain the comprehension of written discourse,
to the comprehension of physical-political maps by twenty-four sev-
enth grade students. Comprehending a map is a matter of activating
or constructing knowledge structures that provide an explanation of
the whole map message. This view of map reading underscores the
importance of the map-reader’s prior knowledge and the incomplete
nature of any map text.

A schema-theoretic view of map reading suggest that “map
skills” (e.g., skills for using symbols, skills for measuring distance,
skills for noting directions, skills for using scale) are integrated in
the comprehension process of reading a map and are probably only a
portion of the prior knowledge activated to comprehend a map. That
is, defining map reading as “map skills” alone does not provide a
comprehensive explanation of the information, skills, and processes
needed to comprehend, learn, and remember information represented
on maps. The more inclusive nature of schema theory to explain
map reading as comprehension should help provide insights into the
issues of geographic illiteracy as future research is conducted on this
topic.

Future investigations need to address different populations
and types of maps. A great deal remains unexplained regarding the
relationship between the knowledge structures and processing strat-
egies map readers use and the comprehension they achieve. Results
suggest that four domain-specific knowledge structures are utilized
to comprehend these maps, but their significance in terms of impor-
tance is not suggested by these data. Preliminary results from this
study suggest that differences in comprehension may be related to
the differences in the quality and extent of knowledge structures and
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processing strategies map-readers activate and employ. However, if
future research continues to support this schema-theoretic view of
map reading as comprehension, then, curriculum, instruction, and
assessment of map reading and possibly the design of maps should
be impacted. A more extensive understanding of how students com-
prehend, learn, and remember geographic information represented
on maps could potentially influence geographic literacy.

PEDAGOGICAL IMPLICATIONS AND
RECOMMENDATIONS FOR RESEARCH

Teaching map reading for understanding would mean that
successful map reading programs should include at least three com-
ponents: (1) large amounts of time for actual map reading, (2) learn-
ing experiences to facilitate the activation and construction of knowl-
edge structures used to comprehend maps, and (3) occasions for stu-
dents to talk with a teacher(s) and one another about their responses
to map reading.

The first benefit of more time for map reading is the opportu-
nity to manage the knowledge, skills, and processing strategies that
are important to comprehend, learn, and remember map information.
It appears from this study that the more map information one already
knows, the more one comprehends; and the more one comprehends,
the more one would probably learn new knowledge to enable com-
prehension of an even greater array of different maps. Thus, the
more time spent reading maps may be largely attributable to the knowl-
edge base that grows through map comprehension. How much time
should be devoted to map reading to improve map comprehension is
a question for future research. But, of the time set aside for map
reading instruction, students should have more time to actually read
maps than the time allocated for learning about map reading.

Second, to improve map reading, teachers need to focus in-
struction on the prior knowledge that students use to make sense of
maps. In order to accomplish this goal, teachers should develop cur-
riculum and instruction for map reading based on these questions:
(1) What prior knowledge and experiences will the students need in
order to comprehend this map?, (2) What information on the map,
that is not explicitly presented, will the students need in order to
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comprehend this map?, (3) What learning experiences will activate
or construct the students’ prior knowledge to comprehend this map?
A couple of instructional strategies from the field of reading educa-
tion that relate to these questions that teachers could adapt to map
reading instruction are Question-Answer Relationships (QAR)
Method (see Pearson & Johnson, 1978) and Reciprocal Questioning
(ReQuest) Method (see Manzo, 1969).

Finally map reading programs should allow time for students
to express to a teacher(s) and other students what they comprehend
about information represented on a map. When students engage in
meaningful discussions about their comprehension of a map, they
should have an opportunity to: use literal to critical and evaluative
questions and responses; clarify the basic meaning of the map; and
use the opinions of others to help clarify their thinking about a map.
Repeated opportunities in which students explain their understand-
ings of a map will internalize effective map comprehension strate-
gies. Internalizing effective map comprehension strategies would
affect positively map comprehension, which in turn should affect
positively what is learned and remembered. All three of the compo-
nents described here should improve map comprehension. It is
through such map reading programs that students can experience
successful learning that will motivate future map reading and geo-
graphic understandings of Earth.
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Book Review

Wilson, Frank R. 1998. The Hand: How Its Use Shapes the Brain,
Language, and Human Culture. New York: Panteon Books.

Geographic educators interested in more experiential ap-
proaches to learning will find much of interest in Frank Wilson’s
neurologic perspective on The Hand. There he examines what he
calls the “hand-thought-language nexus” — the connection between
object manipulation, the mediation of the brain, and the develop-
ment of symbolic ways of communication. The role of the hand in
learning is paramount in his inquiries. He presents evidence that the
deeply personal creative impulse “...is a critical element at the core
of all learning. It requires that information be gathered, ideas ex-
plored and tested, and decisions made so that progress can be made
toward a personally valued goal.” No object or action is automati-
cally excluded so that the creative product could be a cabinet, a hot-
rod engine, a painting, or indeed a map or other reconstruction of
some spatial reality!

Wilson’s time scale is anthropologic and biologic. In it he
reviews a variety of research on social behaviors (such as grooming
and tool making) among primates. Along with other obvious factors
such as walking erect and evolving hand structure, these provided
not only the incentive but also a stable context for symbolic interper-
sonal communication. The more complicated the tool manufactur-
ing, the more complicated the language and social organization, over
a long period of time. In this process, both the hand and the eye
develop as sense organs through practice, which means that the brain
teaches itself to synthesize visual and tactile perceptions by making
the hand and eye learn to work together. Associated with this were
changes in and growth of the brain.

But Wilson’s goals are in the present by asking: “What might
be the connection between tool use, language, and thinking during
the span of a single human life?” “Could anything we have learned
about the hand be used to improve the teaching of children?” He
explores these questions with further reviews of research and in in-
terviews with a number of people who have achieved very refined
control of their hands: from back hoe operator to surgeon, from
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magician to musician. In this he questions the premise that intelli-
gence is a purely mental phenomenon, that the mind can be educated
without the participation of the body.

He illuminates this dichotomy by considering intelligence it-
self as the capacity to discover, weigh, and relate facts in order to
solve problems.” In prehistory he notes that: “...improvisational prob-
lem-solving, and with it what we can begin to identify as intelligence,
begins with monkeys, increases in apes, and...” so on. Bipedality
also created unprecedented opportunities and dangers for the homi-
nids moving away from the protection of the disappearing forest.
Throughout this evolutionary sequence, there is evidence of increas-
ingly varied use of the hand and to exploit its manipulative capabili-
ties. In the present, a similar development begins in infancy before
the baby can (or should) stand and walk, when the brain must de-
velop and integrate a multisensory reference system to track limb
movements on an ongoing basis. “The nervous system must know at
all times where each hand is with respect to the midline...” “Inevita-
bly, this same process helps to establish a coordinate system for ex-
ternal objects located in three dimensional space.” In other words,
this perspective regards the body as an extension of the mind.

As a result, he believes that these issues bring into relief a
fundamental premise of Darwinian though, that structure and func-
tion are interdependent and co-evolutionary. The brain kept giving
the hand new things to do and new ways of doing what it already
knows how to do. In turn, the hand afforded the brain new ways of
approaching old tasks and the possibility of undertaking and master-
ing new tasks. That means the brain, for its part, can acquire new
ways of representing and defining the world. Is that not what Geog-
raphy is all about?

The hand-mind connection also contributes to the develop-
ment of language. Wilson considers the proposition that the human
brain organizes and oversees the child’s interactions with objects al-
most exactly the same way it organizes and oversees the production
of speech. These two specific skills (manipulating objects and ma-
nipulating words), and the developmental chronology associated with
the child’s mastery of those skills, proceed in such transparently par-
allel fashion that the brain must be: (a) applying the same logic or
procedural rules to both; and (b) using the same anatomic structures
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asitdoes so. Thus “...the hand is involved form the beginning in the
baby’s construction of visuomotor, kinesthetic, and haptic represen-
tations of the world and the objects in it.”

Obviously all this supports the general notion of geography
as an experiential science (and geographic education as a process of
personal discovery) rather than the mastery of a bounded set of facts
and figures. In particular, it would suggest quite different introduc-
tions to basic geographic concepts — activities that can bridge the gap
between what children see and what they are taught. This would
seem especially so, in light of the previous paragraph, for the topics
of orientation and position in geographic curricula which are often
introduced with the abstractions of cardinal directions and latitude
and longitude.

Wilson acknowledges the need to learn other manipulating
skills, but he contends that the historic role of the hands in the acqui-
sition of knowledge and skill during the apprenticeship remains and
continues to feed the dynamic processes of the imagination. In one
example, he makes reference to a senior geographical-research de-
signer who still works regularly with a pencil and paper — tools that,
ironically, he considers more interactive than the computer, because
they force him to think implications through. He also reports that
Hewlett-Packard rarely hires people who are predominately computer
experts, favoring instead those who have a talent for teamwork and
are flexible and innovative. Hewlett-Packard is such a believer in
hands-on experience that since 1992 it has spent $2.6 million help-
ing forty-five school districts build math and science skills the old
fashioned way — using real materials, such as dirt, seeds, water, glass
vials, and magnets. Recruiters in film and computer-game anima-
tion share much the same perspective. They see a certain “...stiff-
ness or a flatness, a lack of richness and depth” in work by artists
who have spent a lot of time on computers. “With traditional art
training, you train the eye to pay attention to body movement. You
learn attitude, feeling, expression.” In geographic education, we have
the opportunity in designing symbols to consider the essential at-
tributes of objects, ideas and actions, and their representation — ac-
tivities which enhances these same hand-mind connections.

From his studies of surgeons, he notes manual dexterity is
not the major dimension distinguishing proficient from mediocre
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surgical performance. Rather, it is the ability to rapidly analyze and
organize perceptions based on multisensory information, to “see” the
relevant anatomy of the operative site, to quickly identify important
“landmarks” in the incision; and to mentally organize multisensory
data and actions at any given point of the procedure so as to allow a
smooth and efficient sequence of responses.” It is hard not to associ-
ate these perceptually based cognitions about complex spatial infor-
mation with our experiences in reading landscapes and analyzing
various spatial images.

Wilson warns that sitting our children in front of computers
when they are three years old may be misplaced if it assumes that
they can then skip the “pointless™ experiences of childhood during
which they find out what a baseball, or a puppet, or a toy car, or a
swing can do to their body, and vice versa.” He wonders how the
fully computerized kid may turn out when they have replaced haptics
with vision as the primary arbiter of reality and have substituted vir-
tual baseball of the old fashioned kind — all this at an age when the
brain’s sensorimotor system hasn’t settled on the time constraints it
will use for its own perceptual-motor operations.

According to Wilson, “The clear message from biology to
educators is this: The most effective techniques for cultivating intel-
ligence aim at united (not divorcing) mind and body.” And, he re-
minds us, “Intelligence, the capacity for innovative response to the
world, is also an aspect of the entire organism.” “The brain does not
live inside the head, even though that is its formal habitat. It reaches
out to the body, and with the body it reaches out to the world.” The
basic inquisitiveness of the human mid serves the fundamental de-
sire of the human to establish meaningful relations between himself
or herself and the world, and (intrinsic to that process) to “put his or
her personal stamp on some aspect of the surround.” This seems a
most useful basis for any pedagogy.

Henry W. Castner is Emeritus Professor of Geography, Queen’s University, Canada.
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