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FOREWORD

The International Cartographic Association (ICA) celebrates its most
important event for cartographers all over the world, the Internation-
al Cartographic Conference every two years. During the last years, the
organization of pre-conference events (joint meetings, symposia and
workshops) became a tradition for the ICA Commissions. In 2005,
before the 23rd International Cartographic Conference in A Corufia
(Spain), five commissions had a Joint ICA Seminar organized at the
Technical University of Madrid. Later, in 2011 four commissions and
a working group organized the Joint ICA Symposium entitled "Maps
for the Future: Children, Education and Internet” at the University of
Orléans in France.

This year ICA organizes the 26th International Cartographic Confer-
ence in Dresden, Germany. Keeping alive our tradition, four commis-
sions organize a Joint Symposium entitled ,Sharing Knowledge” at
Dresden University of Technology on 23 August 2013. The four par-
ticipants are the Commission on Cartography and Children, on Edu-
cation and Training, on Maps and Graphics for Blind and Partially
Sighted People and on Planetary Cartography.

The members of these Commissions present the results of their re-
search in the last two years in three thematic sessions, and a special
workshop is dedicated to distance learning. A special characteristic of
the majority of papers is that they are interdisciplinary, offering a
coloured fusion of the themes representing each of the participant
commissions in this one-day meeting.

The International Cartographic Association makes notable efforts to
widen and deepen its relations with international organizations
working on fields very close to Cartography. This year, our joint sym-
posium also wished to contribute modestly to the active and fruitful
dialog with other organizations. We invited representatives from the
International Geographic Union and the National Geographic Society
to have special presentations in the Opening Ceremony: Joop van der
Scheep (The Netherlands) presented the IGU Commission on Geo-
graphical Education (of which he is Co-Chair) and Sean O’Connor
(USA) talked about the role of the Education Division of the National
Geographic Society in the K-12 Education.

The success of an event is first of all assured by the presented papers,
but it could not be possible without the logistic support of local or-
ganizers. Participant ICA Commissions wish to thank for the valuable
help given by the German members of the ICC2013 Local Organizing



Committee and colleagues from the Dresden University of Technolo-
gy, headed by Manfred Buchroithner.

Organizers would like to thank the commission chairs for their active
collaboration, as well as the participation of members of our Com-
missions or just visitors interested in our activities. With joining our
professional experiences we make the ICA and first of all Cartography
a stronger factor of a more sustainable and equitable global develop-
ment...

Budapest, 20 June 2013

Laszlo Zentai
ICA Secretary General

Jests Reyes
Chair, ICA Commission on
Cartography and Children



Trends in Academic Cartography Education:
The Austrian Way

Georg Gartner

Department of Geodesy and Geoinformation, Vienna University of Tech-
nology

Keywords: Cartography, education, university, geodesy, geoinformation,
bachelor, master

1. Introduction

The only constant in academic surveying education is the change: These
words describe significantly the situation of universities and institutes who
are providing study courses in the field of surveying and geoinformation.

The spectrum of changes is manifold: new technologies caused the integra-
tion of new subjects (e.g. location-based services, Geographic Information
Systems) to curricula. Modern information and communication technology
opened new ways of knowledge transfer and the paradigm shift in academic
education from “teaching to learning”. Besides these technical orientated
impacts the universities were faced with new frame conditions in educa-
tional management: The implementation of the Bologna process forced
universities — at least at European level — to make a complete redesign of all
their study courses. In Austria the introduction of New Public Management
opened the academic institutions more autonomy in managing the research
and education activities, but raised extra administrative tasks and work for
academic staff.

Dependent on study courses and study sites universities nowadays have to
face additional challenges for delivering academic surveying education and
training: New employing models and tenure tracks for scientific staff, which
soften the educational principle of Wilhelm Freiherr von Humboldt (767-
1835) of an entity between research and teaching activities, have to be
adapted to guarantee further on excellence in education. And finally univer-
sities have to cope with the situation of decreased budgets, national and
international competition, and - especially teaching institutions providing
technical study courses - with low numbers of students.



After presenting an overview of the cartography education in Austria, the
key challenges for the academic institutions providing such an education
will be identified and the following three megatrends will be discussed —
from an Austrian perspective: Harmonisation & Globalisation; Autonomy of
Universities; New Forms of Teaching and Learning.

In the final chapter conclusions will be formulated and an outlook regard-
ing the Austrian situation in academic surveying education will be present-
ed.

2. Trends

Continuously academic institutions are adapting the existing study pro-
grammes and techniques of knowledge transfer to the changing political
and administrative frame conditions as well as to new developed methods
and requirements in the professional fields. In Austria all bodies involved in
cartography education have to cope with three key impact factors:

e Harmonisation & globalisation of educational programmes,

e Implementation of autonomic management, and

e Delivery of new contents using modern teaching and learning tech-
niques.

2.1. Harmonisation & Globalisation of Educational Pro-
grammes

The Bologna Declaration was adopted by the Ministers for Higher Educa-
tion of 29 countries in spring 1999 with the objective to create a European
Higher Education Area (EHEA) by 2010. Every two years the Bologna Ac-
tion Lines - a bundle of strategies to achieve the ambitious goal - are revised
and amended. At the Ministerial Conference in 2009 the Ministers in
charge established the priorities for the EHEA up to 2020. They highlighted
especially the importance of lifelong learning, of widening the access to
higher education and of increasing the mobility of teaching staff as well as
of students. Global aspects are included in all these action lines. Until 2010
the number of participating countries increased up to 47.

Within the last years Austrian Universities adapted their study programmes
to the requirements of the Bologna Declaration. Experience shows that the
implementation of the concept is only partly successful:

Successful Austrian actions:

e The formal implementation of the three-cycle-system. All universities
providing curricula in the field of cartography and geoinformation



changed the system to Bachelor (6 semesters) and Master Study (4 se-
mesters).

The implementation of the credit system (ECTS) provides more trans-
parency. That should be a gateway to more mobility.

There is more focus put on students by the introduction of new learning
and teaching methods.

The change of system gives a modern touch to the studies and leads to
an increasing number of first-year students.

Lesson to learn for the Austrian cartography education:

The three-cycle-system is not accepted in professional practice — there
are no jobs for bachelors (also in public institutions)!

There is no involvement of the stakeholders in the educational concept
of studies.

Austrian students are still not flexible and mobile. Nearly all of them do
their master study in the same course programme at the same universi-
ty.

The ECTS-system is based on the workload of the teachers and not at
students.

2.2. Implementation of Autonomy at Universities

In 2002 the Austrian Parliament enacted a new law that introduced new
public management at the universities with a high level of autonomy. The
implementation of this law caused structural changes in the university
management and had an essential impact to carrier models of scientific
staff. The transition from the former central-controlled university to a mod-
ern economy-driven service and research organisation is still ongoing with
all the advantages and lacks appearing in such processes.

The following key aspects influencing this process:

Impacts to institutions:

- Free access to universities (no limitations on numbers of students
per study course — no study fees)

- Increased number of administrative staff (instead of scientific staff)

- Globalisation of budget (positive)

- Introduction of performance indicators (e.g. number of students)

- Endangerment of cancelling study programmes with low number of
students

- Increased marketing of studies (as amount of students is a parame-
ter for budget)

Impacts to staff:



- Additional administrative tasks for teachers and researchers at the
universities

- Definition of fields of competence for specific universities

- Introduction of performance indicators (e.g. number of students)

- New carrier models

2.3.Providing Knowledge Using Modern Teaching and
Learning Technology

e-Learning

Traditional classroom lecturing is already being supported or even replaced
by virtual media in the future. This trend is changing the traditional role of
the universities. In spite of this, there is no doubt that the computer cannot
replace the teachers and that the learning process cannot be automated.

In Austria the University of Salzburg is part of a consortium that is provid-
ing a virtual master course, called “UNIGIS”. The study programme started
in 1993 and has already 1000 graduates.

All together there is no doubt that these changes in education represent
new opportunities and also open and maybe redirect the universities. But
the most important part of e-learning will be in the area of lifelong learning
programmes. There is so much potential and e-learning can easily fulfill the
needs graduates have on the system.

From Teaching to Learning; Swing from Measurement to Management

It is more and more important to use wisely the data, information, and
knowledge in planning, decision-making, and management. The volume of
data we have to deal with is increasing and becoming even more accurate
and complex. There is no doubt that all the basic skills within measure-
ment and mapping are very important but maybe in the future the focus
will have to change. The major role of an academic surveyor is changing;
engineering disciplines will take a back seat. Project management and also
the interchange between different disciplines will have a more important
role. Modern Cartographers have to learn to be flexible within all the
changes and they have to deal with life-long learning.

Quality Assurance

In Austria’s university education the main focus is assuring a high-level
education. Therefore the quality of the education is always measured and
monitored. After every term an anonymous evaluation of the classes by the
students is carried out.

Another part of the Quality Assurance programme is to compare pro-
grammes with different international examples. This way there is a high



transparency and so universities can communicate with others about their
results and maybe changes they can think of. At the Vienna University of
Technology for example the first Best-Teacher Awards were given as a re-
sult of quantitative and qualitative measures. This is also a motivation for
the teacher to improve their lectures and also a good thing for the students
so that they can see that their opinion is very important. Of course many
Teaching Skills Enhancement Trainings and workshops on didactical meth-
ods and workshops on applying e-Learning methods are offered by the uni-
versity.

TU Austria (Cooperation between All Technical Universities in Austria)

Under the heading United through Excellence the University of Technology
Vienna, the University of Technology Graz and the Montan-University of
Leoben founded the TU Austria. With this federation they want to achieve
better coordination in research, teaching and services, to realize synergies,
lobbying and benchmarking to identify best practice. This network involves
nearly 8.000 assistants and nearly 38.000 students.

3. Cartography at TU Vienna
Currently the Vienna University of Technology offers:

e Bachelor program “Geodesy and Geoinformation”
e Master program “Geodesy and Geoinformation”

The master program is intended for native and foreign students who have
achieved a bachelor's degree and aim working as decision makers or leading
scientists in geoinformatics, geodesy and navigation, engineering surveying,
data adjustment, computer vision or remote sensing or cartography.

The master program includes theoretical and applied courses of contempo-
rary topics of Geoinformation and Cartography. In detail the master pro-
gram deals with the acquisition, modelling, analysis, visualization and
communication of geo-data. Specific tasks include the combination of data
from different sources, the integration into spatial information systems,
and the establishing of user-adequate visualization techniques.

As a result of a broad discussion within the university the following strate-
gic aims have to be applied at in all education programs of Vienna Universi-
ty of Technology:

e competitiveness
o efficiency
e responsibility



In detail this includes the overall strategy on ensuring high quality pro-
grams instead of mass education programs and aiming on producing stu-
dents which are able to “compete” on an international level. More emphasis
is at the moment and will in the future be put on at the following three im-
portant accents: internationalization of education, e-learning and continu-
ing education.

4. The International Master on "Cartography"

The international Master’s program (Masters of Science, M.Sc.) in Cartog-
raphy and Geoinformatics is a cooperation of the cartography departments
at the TU Miinchen, TU Wien and TU Dresden. It is suited for students with
a Bachelor or diploma degree in engineering or science, best in cartography,
geodesy, geoinformatics or informatics, as well as geography with focus on
GIS. Target audiences are high-qualified students from all over the world
especially from Asia and Eastern Europe, as well as students from Europe,
like degree holders in cartography. Start of the first program-turn was at
winter semester 2010.

It is a 4-semester English-language Master program and has an intake be-
tween 15 and 25 students per year. Students obtain 60 ECTS credit points
for each academic year in which they meet all commitments, thus altogeth-
er 120 ECTS credit points. The first semester offers different learning paths,
addressing both the previous know-how and the requirements of the stu-
dents (harmonization of knowledge). In general, the first 2 semesters con-
tain mainly basic and advanced courses in cartography and geoinformatics
taught at TU Wien and TU Miinchen. In addition, key competences (project
management, research methods) are provided. Furthermore, a Summer
School for special projects is planned. In the 3rd semester, students specify
in a certain field of interest in cartography and geoinformatics, in which one
of the 5 cooperating universities are specialized in. In the 4th semester, stu-
dents are supposed to write their Master thesis.

The Master's program “Cartography and Geoinformatics” focuses on a
comprehensive education in cartography and geoinformatics: spatial in-
formation technology, spatial data managing and analysis, as well as visual-
ization of geodata and communication of spatial information. Besides of
capability for solving practical and development tasks in the fields related
to cartography and geoinformatics, the students are supposed to be trained
for taking part in research projects and the continuation of their studies for
the PHD degree.

One challenge will be to handle the mobility of students and lectures be-
tween the co-operating universities. Therefore, different options are used:



block courses, hold amongst others by distinguished guest lecturers; inte-
gration into existing courses and possibly lecture transmission via video
streaming, respectively e-learning.

One of the main objectives of this program is to maintain the high level of
cartography science in Europe and to create a "spearhead" in cartography
and geoinformatics by the collaboration of 5 universities, which provide a
very high concentration of scientific competence. Another goal is to en-
hance international relations and university collaborations in Europe, using
the synergetic effects of 5 universities and combining their advantages. Fur-
thermore, the program shall improve exchanges of students and scientists
worldwide. The Master program will accept well educated students to pre-
pare them for current workforce demands while giving them a life-long ca-
reer path. There are a couple of unique features which justify this Master
program. It is a top quality international Master program by international
standards. Also, it will be the first English-language Master of Science in
“Cartography and Geoinformatics” in the German-speaking part of Europe.
One important aspect is an intensive and individual supervision of the stu-
dents. There is no competition to other Master programs at the cooperating
universities. The program is strongly supported by the ICA - International
Cartographic Association. Another advantage is that the program focuses
on both, cartography and geoinformatics, which offers the students excel-
lent job perspectives, an access to an international research network and a
scientific career. The program is supporting high-quality and top-level edu-
cated students. With their very high concentration of scientific competence,
three top European universities are forming a unique "Cartography and
Geoinformatics " Master program not only in Europe, but also worldwide.

5. Conclusion and Outlook

In this paper some general perspectives have been given on defining the
current framework in which curricula have to be developed and a contem-
porary cartography education has to be ensured. Giving concrete examples
of cartography education programmes at TU Vienna and in within the
joined International master programme some promising strategies are out-
lined.

10



Maps for Spatial Thinking and Learning across
the K-12 Education Continuum

Sean O’Connor

National Geographic Society

Abstract. National Geographic Education aims to increase geographic lit-
eracy across society, with a special emphasis on K-12 students in the United
States, and their teachers. Towards this end, the education outreach divi-
sion of the National Geographic Society has set out on a project to gain a
better understanding of how maps can be used as tools for increasing geo-
graphic literacy, across school grades and ages. As part of this, National
Geographic aims to develop map-based resources and materials optimized
to enable geospatial learning and the development of geospatial thinking
skills amongst both students and teachers and to develop exemplars that
highlight developmentally appropriate uses of maps across this spectrum of
school grades and ages. When teachers understand how maps can be used
to build up geospatial skills and thinking for students, they will be more
willing and prepared to bring these resources into the classroom in effective
ways.

Keywords: National Geographic, education, K-12, geospatial learning
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Bridging Distance in Cartographic Education
Anthony C Robinson

John A. Dutton e-Education Institute
GeoVISTA Center

Department of Geography

The Pennsylvania State University

Abstract. Learning about the mapping sciences can now be readily facili-
tated through distance education platforms and teaching practices. Dis-
tance education provides the cartography community with new means for
engaging more larger and more diverse student populations. New modes of
engagement, such as massive open online courses, offer the potential to
radically increase the numbers of students who have exposure to cartog-
raphy. This paper identifies several key challenges and opportunities that
correspond to cartographic distance education.

Keywords: Distance Education, Cartography, MOOC

1. Cartographic Education at a Distance

Learning at a distance is not a new phenomenon, having much precedent in
correspondence courses in the pre-digital age. Since the 1990’s, digital me-
ans for learning at a distance, facilitated by the growth of the internet, has
spurred the development of new modes of engagement in distance educati-
on and helped foster connections to new and more diverse student popula-
tions.

Distance learning online is now an area of rapid growth in higher education
around the world. More and more students are taking online classes, and a
wide range of types of institutions, including those that had initially been
reluctant to engage in distance education, are now deeply engaged in this
enterprise. Platforms for teaching online are now reasonably mature, and
best practices for ensuring high quality in online courses are well-
established and evaluated - including courses that specifically focus on geo-
spatial topics (Unwin et al. 2011).
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The domains of geospatial technology and geographic information science
have benefited from a great deal of attention to defining possible learning
objectives and core competencies from which educators of all kinds can
draw upon when creating new courses and revising old ones. The GIS&T
Body of Knowledge defines over 1600 educational objectives (DiBiase et al.
2007), and a new version covering an even wider set of topics is currently in
development. A complementary effort by the U.S. Department of Labor to
define a Geospatial Technology Competency Model provides a set of core
competencies for working professionals in the field (DiBiase et al. 2010).

Cartographic skills and competencies are described in both of these frame-
works, but few existing distance education programs touch on the full array
of topics. At Penn State, we offer one cartographic design class in a broader
curriculum of over 25 other online classes in geospatial analysis and tech-
nology (www.pennstategis.com). There remains much that can be done to
broaden the scope of available distance education offerings in cartography
topic areas.

2. Student Populations

We can engage cartography students on campus, as well as off-campus
through distance education mechanisms. The former case may seem odd at
first, but online classes are attractive for use in resident education programs
for multiple reasons. Students increasingly expect to be able to engage with
content and instructors in an asynchronous manner. Additionally, distance
education platforms offer the opportunity for instructors to use "face-time”
with students in classrooms for high-impact engagement; around discus-
sion topics and project critiques, for example. The core topical content can
be delivered online in an asynchronous manner and the classroom time can
be focused entirely on those high-impact activities, rather than including a
lot of passive engagement as well (students listening to a lecture, for exam-
ple). This use of distance education is often called blended-learning
(Garrison and Kanuka 2004).

For the cartography community, one could imagine using classroom time to
focus primarily on the development and refinement of map designs, and
using online mechanisms for delivering lecture content and reading materi-
als.

In addition to undergraduate and graduate student populations who reside
on campus, distance education in cartography has the potential to draw
students who are off-campus and for whom access to higher education in a
resident program is simply not possible or practical. Such students may
already be pursuing a career full-time, while others may simply find it cost-
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prohibitive to migrate to another place to study. Furthermore, distance ed-
ucation is often more affordable than comparable resident education op-
tions, particularly when one considers the cost savings from not having to
physically move to a new locale. At Penn State, for example, the total cost of
tuition for the Master of GIS degree offered online is roughly half the cost of
attending the Master of Science in Geography degree taught on campus
(and that does not include the cost of living on campus).

3. Modes of Engagement

Students engage in distance education through synchronous, asynchronous,
and blended-learning approaches (Wright and DiBiase 2005). In the syn-
chronous case, students and faculty engage with one another at the same
time, but via distance technology such as videoconferencing. In asynchro-
nous online learning, students and faculty engage at different times, using
common course content (which can include videos, readings, graphics, and
interactive simulations, among other things), and discussions take place
using asynchronous means such as message boards, email, or multimedia
collaborative environments like VoiceThread (www.voicethread.com). As
mentioned above, blended-learning uses some asynchronous engagement
along with some synchronous (classroom) engagement.

A recent advance in asynchronous distance learning is the rise of the Mas-
sive Open Online Course (MOOC), which relies on scalable learning tech-
nologies to deliver courses for free to very large numbers of students
around the world (Fini 2009). Multiple platforms now exist for hosting
MOOCs, including Coursera (www.coursera.org), EdX (www.edx.org), and
Udacity (www.udacity.com), which at the moment are the most popular
major MOOC environments, each having millions of registered student us-
ers.

At present, there are only two MOOCs on Geography topics. Penn State (led
by the author) has announced a MOOC called Maps and the Geospatial
Revolution. University of Wisconsin-Madison has announced a MOOC
called Globalizing Higher Education and Research for the Knowledge
Economy. Both courses are to be offered on Coursera in 2013. At the time
this article was written (April, 2013), over 10,000 students had already en-
rolled for Maps and the Geospatial Revolution.

Clearly, there is a huge potential for academic cartographers to develop a
wide range of MOOCs around mapping topics to expand awareness of the
discipline and deliver high-quality map education experiences to much
more diverse audiences (+60% of Coursera students are from outside the
U.S.).

14
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4. Challenges and Opportunities

The Cartography community faces a range of challenges when it comes to
taking advantage of distance education and new modes of engagement.
These challenges include:

e How do we create rich map design studio experiences through asyn-
chronous technology?

e How can the Cartography community strengthen the value proposi-
tion for working professionals to take courses in the mapping sci-
ences?

e What can cartographic educators do to avoid the trap of designing
digital content around technologies that change constantly?

At the same time, exciting opportunities now exist for the Cartography
community to leverage from recent advances in distance education:

e We can engage students who cannot access our academic programs
in on-campus settings.

e We can support discovery of what we do to much broader audiences
through platforms like MOOCs.

e Many cartographic research problems could benefit from attention
from broader audiences that include adult learners and internatio-
nal students who are frequently drawn to distance education pro-
grams.

5. Conclusion

Cartographers in the International Cartographic Association (ICA) commu-
nity should be leading research, design, implementation, and evaluation of
distance education models for teaching about maps. This paper has at-
tempted to elaborate some of the emergent research challenges and oppor-
tunities, but there remains a great need for larger collaboration around this
effort. While more people use and create maps than ever before in human
history, we are still only educating a very small proportion of the population
in the science and art of our discipline. New affordances for educating stu-
dents at a distance constitute an important opportunity for us to change
that trend.
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Archiving and Public Dissemination of Plane-
tary Geologic and Geomorphologic Maps

Andrea NaR* **, Stephan van Gasselt***

* German Aerospace Center (DLR), Inst. for Planetary Research, Dept. of

Planetary Geology - Berlin, Germany

** University of Potsdam, Inst. of Geography, Geoinformation Science Re-
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Abstract. Geologic and/or geomorphologic mapping is an established tool
to communicate research results and provide an interpretation of the for-
mation and evolution of planetary surfaces and bodies. Such mapping has
historically been conducted either under coordinated control of geologic
agencies or by research individuals. To ensure that the number of different
maps and GIS-based mapping projects are re-usable and accessible for fu-
ture mapping projects and research analysis, a platform is needed which
provides not only access to maps but which also provides a common tech-
nical framework. The conceptual discussion presented here focuses on de-
velopment of such a networked communication framework and data plat-
form.

Keywords: Planetary Mapping and Cartography, GIS

1. Introduction

1.1. Background

Planetary exploration and mapping are cumulative processes: each mission
provides new data and new data resources for analysis and interpretation.
Mapping of planetary bodies has been an important asset in the space-
based exploration since the 1960s. Based on these data several image maps
(such as controlled photomosaics, shaded relief maps, topographic maps)
and special-purpose (thematic) maps have been created and publicly re-
leased. These (secondary) maps are obtained by interpreting, abstracting
and processing remotely-sensed data. The work we present here focusses
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on geological and/or geomorphological thematic maps, i.e. maps that pro-
vide information and interpretation results on the state and development
of planetary solid surfaces. Maps such as these provide an abstract view on
basic data, where generalized information has been extracted using the-
matic criteria and which have been displayed on a map. Until today, thou-
sands of maps of planetary bodies including Mars, Moon and Venus were
produced and officially published by mapping and space agencies.

So far, the only systematic geologic mapping program is jointly led by a
collaborative initiative between the NASA science program (providing
funding) and the USGS Astrogeology Science Center (providing guidance
and coordination). The three main programs that are active today focus on
global, regional and local mapping of the Moon (1:2.5M, e.g., Wilhelms &
McCauley 1971), Venus (1:5M-1:10M, e.g., Chapman 1999) and Mars
(1:200k-1:5M, e.g., Bleamaster et al. 2010). A fourth program addresses
the Galilean satellites (e.g., Williams et al. 2011). USGS with support by
NASA has coordinated a number of programs since the 1960s when first
planetary probes started investigating solar-system objects. Resulting map
data has been made publicly available and is today accessible via online
catalogs. As of today, these USGS maps are the only resources that can be
accessed.

Since the 1990s, Europe has become highly active in planetary exploration
with spacecraft contributions (Mars Express, Venus Express, Huygens
probe, ExoMars, BepiColombo, JUICE) and employment of dedicated
mapping instruments, such as the High Resolution Stereo Camera
onboard Mars Express (Neukum et al. 2004, 2009; Jaumann et al. 2007).
Along with recent and upcoming missions also to Mercury, the Outer Solar
System moons, and asteroids, systematic mapping of surfaces has received
new impulses due to the involvement of European scientists in interna-
tional mission collaborations, such as NASA's Dawn mission to asteroid
Vesta and Ceres and mapping participations.

Since the late 1990s the scientific mapping community has started to use
Geographic Information Systems (GIS) for planetary mapping. Today, GIS
have become an important tool in planetary science for performing analy-
sis and thematic mapping. GIS frameworks are usually based on databases
which represent an ideal tool for archiving and storing spatial data. Plane-
tary maps, however, have historically been stored as static image files (digi-
tal copy of the paper analog maps, e.g. as *.pdf or *.jpg) and considerable
effort is currently invested to transfer these static files into a more accessi-
ble data format.

18



1.2. Statistical overview of planetary maps with geologic and/or
geomorphologic focus

Several hundred maps, conducted within the geological mapping pro-
grams, are published by the USGS store and are made available via their
digital and analog archives (USGS 2012). Another platform for distributing
geological maps is the Lunar and Planetary Institute (LPI) (LPI 2013)
which host a copy of this dataset. Figure 1 show a statistical overview of
published maps and their scales.

200 Map scale
180 other
— 5K
160 10K
25K
140 = 50K
100K
120 m 200K
I m 250K
100 || 500K
1M
80
— m15M
|
60 2M
- m25M
a0 u3M
m5M
20 || m10M
| E15M
0 T - T T - T - T - T T 1 m20M
o A o 5 A < R 3 2 m25M
& @(\ N 2 ¥ o Ty R ]
N & ~ \i@;& N 2@ = 30M

Figure 1 Statistical overview of planetary maps with geologic and/or geomorphological
focus listed on USGS (2012) and LPI (2013). Statistic also includes maps in progress. (Ab-
scissa shows the number of maps, ordinate shows the planetary body).

Apart from these officially released and peer-reviewed maps a huge num-
ber of larger-scale maps have been published in scientific journals. Here,
these maps are termed working maps. Such maps are not collected at a
single place but they are distributed across a large number of journals and
publishers. Maps are usually only accessible as figure files via the publica-
tion portal. Such maps have undergone a scientific review process and rep-
resent an information abstraction of basis data, comparable to other maps
published by the USGS. In this respect, such maps merit to should be ar-
chived in a sustainable way for subsequent investigations and dissemina-
tion.
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To manage maps in a uniform way and at a central location it is necessary
to create an accessible and well-designed map archive. Such a platform
does not exist so far. By transferring geological map contents to a uniform
storage platform using a well-designed data framework, researchers and
users can not only efficiently search for maps but also for map-data con-
tents.

2. Multilevel collection of existing maps and mapping

Existing planetary maps with geological and/or geomorphological contents
are usually stored at different locations (see 1.2). To obtain an overview of
all maps and, more importantly, their actual contents, it is necessary to
build a higher-level data catalog and collect required information that al-
lows searching for maps. This descriptive information, so called meta-
information, should be recorded for all entries so that a user can search for
the map and its contents. Table 1 shows an overview of potential catalog
entries. The keywords are based on international standards for Metadata
such as the Planetary Data System (PDS) (PDS 2009) and Federal Geo-
graphic Data Committee (FGDC) (FGDC 1998, 2000). For a detailed dis-
cussion of option for map description and management by spatial metada-
ta see NaB et al. (2010, and references cited therein).

In order to account for already published maps as well as working maps
(see 1.2), we follow a stepwise approach and formulate level 1-3 of map col-
lection. These levels also reflect the chronological sequence of steps needed
to develop a common framework.

Level 1: Match and collect already published map sheets and map-series
products. This includes all the maps designed and published within the
framework of systematic mapping programs (see 1.2).

Level 2: Integrate individual maps from peer-reviewed publications
(e.g. journal papers, early LPI publications etc.). A large number of high-
quality maps are published within scientific publications and are hidden
from direct search. Outside of the publication, these maps are not listed
and are hard to spot. Although these maps were already evaluated through
a peer review process, cartographic aspects (representation, completeness
etc.) must still be assessed.
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Interface Label

Planetary Body

Map Title
Mapper

Institution
Mapping Peri-
od
Mapping
Keyword
(Map Purpose
(Map Status
Map Projection
or/and
Map Scale
Map Boundary
Coordinates
Base Data
Additional

Data

if "yes" >>

Keyword
TARGET_NAME

TITLE
FULL_NAME

INSTITUTION_NAME
START_DATE
FINISH_DATE
KEYWORDS
PURPOSE

STATUS

MAP_PROJECTION_TYPE

MAP_PROJECTION_NAME

MAP_SCALE
MAXIMUM_LATITUDE
MAXIMUM_LONGITUDE
MINIMUM_LATITUDE
MINIMUM_LONGITUDE
IMAGE_ID

ADD_DATA

ADD_DATA_INFO

ADD_DATA_CREATOR

Value

"Vesta", "Ceres"

"Andrea NaR"

"German Aerospace Center"

2008-04-13

2008-12-02
"geomorphology",
"fractures"

"Mapping Program",
"Publication"
"Complete", "In work",
"Planned"

"Sinusoidal Equal Area",
"Polar stereographic"

"Azimuthal_Equidistant",

"Transverse_Mercator"
"1:500,000"

5.12

78.39
-2.03
94.39

".... (image number) ....."

"yes", "no", "N/A" (default)

"morphometric data",
"age determination"

"Andrea NaR"

Domain
coded value
(extensible)
free text
coded value
(extensible)
coded value
(extensible)

coded value
(extensible)
coded value
(extensible))

coded value)

coded value
(extensible)
coded value
(extensible)
coded value
(extensible)
value range
value range
value range
value range
coded value
(extensible)

coded value

coded value
(extensible)
coded value
(extensible)

Table 1 Meta information for geologic and/or geomorphologic map description

(XXXX = PDS keyword, XXXX = FGDC keyword, XXXX = so far not standardized keyword;
= optional fields).

Level 3: Contact the European and Non-European institutes working on
planetary mapping. In addition to maps collected within level 1 and level
2, it is possible that individual institutions, engaged in geological mapping
of planetary surfaces, have conducted mapping that has not been published
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yet. To take account of such products, these institutes should be contacted.
Level-3 maps must also be checked under cartographical aspects. Potential
contributors are universities and research institutes, e.g. in the US (Arizo-
na State University, Brown University and many other locations), in Ger-
many (German Aerospace Center (DLR), Planetary Sciences Group at FU
Berlin, University of Miinster), Italy (International Research School of
Planetary Sciences (IRSPS), Pescara, Italy); the Netherlands (TU
Delft/ESTEC), or, e.g., Moscow State University of Geodesy and Cartog-
raphy, MIIGGAiK and many other places.

3. Access to digital, GIS-based mapping projects

Current developments of planetary mapping techniques involve the sys-
tematic use of GIS technology. Each mapping is based on a spatial data
structure and therefore, maps do not represent static map sheets. Rather, it
is defined as dynamic object-based data organized within the different data
tables. This consequently means that not only meta-information has to be
maintained in a uniform way but also geometry and semantic object infor-
mation. As there are very few efforts to use object-oriented spatial data-
bases for archiving map results so far the first step here is to describe the
resulting map data structurally, visually and textually. For this purpose, a
predefined data model which arranges every particular object by its generic
properties provides an optimum solution. If such a data model is used,
mapping data can be uniformly stored and accessed (van Gasselt & Naf3
2011, 2013, and references cited therein).

Beside the data model for the organization of geological mapping results a
guidance of the mapper is needed. This is due to the fact that many map-
pers involved in planetary mapping have limited basic knowledge of carto-
graphic visualization. Geologic mappers are usually researchers with a core
expertise in different field, such as geology or physical geography. In order
to ensure that the map results are homogeneous, supporting cartographic
representation rules are needed (NaB & van Gasselt 2013, and references
cited therein).

4. Conclusions and Outlook

In order to provide wide and easy access to planetary geologic map data
products, it seems feasible to organize and distribute such data from a cen-
tral data repository allowing to conveniently searching for data products.
An iterative procedure for map-data collection as presented here provides
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a usable concept to build such a centralized access. In order to establish a
map collection as complete as possible, an extension of level 3 in non-US
and non-European direction is required and cross-links to generic plane-
tary map archives can also be established (see, e.g. International Planetary
Cartography Database, Hargitai 2009).

Furthermore, this work can also be linked to support initiatives working on
sharing and collecting planetary data in general, e.g. the European Re-
search Infrastructure for Planetary Science (Europlanet, 2013).
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Abstract. This work is intended to provide initial considerations on build-
ing a domain ontology in the field of planetary geologic mapping and carto-
graphic representation. It introduces formal aspects of a higher-level plane-
tary geologic map data ontology using an OWL-based taxonomic descrip-
tion of objects and object properties. It is intended as a first step towards
providing a common knowledge framework covering vocabularies, semantic
classifications, interdependences in order to (a) build a common under-
standing of what planetary mappers perceive when mapping different plan-
ets and to (b) build and infer objects, properties and constraints. By estab-
lishing a focused formalism through a domain ontology, a targeted
knowledge representation is created which provides means to extract and
distribute information from the planetary mapping domain and allows to
consistently merge map-data information retrieved from dispersed sources.
Such an ontology therefore represents all knowledge aspects when dealing
with planetary geologic mapping and helps to define (a) the nature and (b)
the special purpose of planetary mapping in the context of geological map-
ping sensu lato.

Keywords: Ontology, Mapping Data Model, Planetary Mapping and Car-
tography, Geologic Mapping
1. Introduction

1.1. Background and Aims

Data models, hereafter termed software data models, used in geographic
information systems (GIS) are usually designed to streamline processes, to
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define data relationships, to formulate constraints for maintaining data
integrity and consistency, and, in particular, for allowing an efficient work
process. Software data models therefore represent the upper-most layer of a
stack of abstraction layers of a common scientific worldview (see Raper
2005). The technically-oriented software data model builds upon a repre-
sentation of relations, relationships and integrity constraints from the data
viewpoint. Only during normalization, relational attributes are grouped and
thematically related in order to establish a consistent data view. The soft-
ware data model, however, does not allow to model and infer relationships
on the semantical level and provides little means to maintain, extract and
organize actual knowledge or to make to inferences based on initially de-
fined classes and properties. To accomplish this, ontological models have
been revived in recent years and as response to developments in the Web
2.0 era. The ontological framework forms one of the first worldview layers
in which objects have been structured, organized and related to other ob-
jects in such a way that higher level inferences allow extraction of new in-
formation about a domain of interest and its objects.

Van Gasselt & NaB (2011a) in a special volume on planetary mapping de-
scribed a mapping data model which followed a number of aims, covering
(a) overarching workflows between various actors in the field of planetary
mapping (so-called use-case scenarios), (b) organization of entities and
map-data objects and their relationships and integrity rules, and (c) aspects
of model and data exchange between organizations in order to facilitate and
streamline integration of different map products and sharing data. This
data-only model has been conceptually designed in response to a consider-
able increase of cartographic products created by different researchers who
use state-of-the-art GIS technology to map and design maps but without
having in-depth insights into cartography and communication through
maps (for a discussion, see Kraak 2010). The model has also been created to
find a solution for integrating planetary maps from a variety of sources
within an overarching data model. This also includes finding a possibility to
cope with non-standard demands that have historically been cultivated in
the field of planetary geological mapping (cf. section 1.1).

In order to define planetary geologic mapping objects and their relation-
ships within their specific (mapping) domain, we here focus on the formal
description of planetary geologic mapping. Inherent information on geolog-
ic units, materials and geologic timing can be semantically related to each
other by defining a common ontological vocabulary, taxonomy and rela-
tionships. While a formal attempt for establishing a joint vocabulary in geo-
logical sciences and geological data description has been started within the
GeoSciML initiative its focus is not primarily put on map unit descriptions
(Sen & Duffy 2005). Its formal hierarchical description, however, is built
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Figure 1. Example of a lunar geologic map, part of the Geologic Map of the Moon,
I-705 (LAC-26) Eudoxus Quadrangle, 1:1 M by David H. Scott (1972), USGS. Color-
coded map units are associated with a legend describing materials and timing of
events.

on a larger domain ontology and provides formal descriptions and vocabu-
laries. The level of granularity is much higher due to the complexity and
huge amount of different data and methods applied in the field of (terres-
trial) geologic sciences, including mapping. However, planetary mapping is
not a simple subset of terrestrial geologic mapping due to the fact that (a)
partly different methods are applied (see sect. 1.2) and (b) a variety of dif-
ferent objects are mapped. In the case of planetary geologic mapping, it
seems appropriate to first build a common higher-level ontological frame-
work which is then critically compared to existing approaches designed by
terrestrial initiatives.

1.2. Geologic Maps vs. Planetary Geologic Maps

Classical geologic mapping and geologic-map cartography have a long his-
tory dating back to somewhere in the middle of the 17 century when N.
Steno formulated his main axioms about the relationship of geologic layers
and their relative timing (Steno, 1916). Over a hundred years later, in 1815,
the first national geologic map covering major parts of Great Britain was
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crafted and published by W. Smith. Since then, national programs have led
to systematic geologic mapping and the production of hundreds of thou-
sands of geologic maps at various scales. In the 1960s space born explora-
tion of the solar system heralded the start of planetary mapping programs
coordinated by US and USSR authorities. Apart from photomosaics and
topographic maps, geologic maps were among the first scientific products
based on image interpretation that were put into a cartographic framework.
Geologic maps are special-purpose maps that condense four-dimensional
information on a two-dimensional sheet of paper. The third dimension is
usually re-constructed using height information from topography data by
means of isohypses and the superimposed information of the extent of geo-
logic materials. This property is an essential asset of a geologic-map but it
has received only little attention in modern planetary geologic mapping.
Along with Steno’s axiom on the principles of superposition and its deriva-
tives, a relative timing can be reconstructed from simple geometric meth-
ods. In order to communicate time more directly and also to provide infor-
mation about absolute geologic time, the fourth dimension is symbolized
using an accompanying legend that relates color codes of geologic units to
an overarching time frame (see Figure 1).

In summary, (1) map units with signatures and color codes relate geologic
materials to (2) time and the combination of contour lines and material
units provide information about (3) the unit’s position in space. These three
components are the main ingredients of conventional geologic maps. How-
ever, planetary geologic maps deviate from that scheme. First, contour lines
are not always systematically employed in geologic maps, thus information
on position in space and relative position in time is limited to non-existent.
Much geologic information is lost in planetary geologic maps when com-
pared to classic geologic maps due to the suppression of 3D information.
Secondly, for historical reasons, units are not always described as (geologic)
material units but as so-called geomorphic units which contain a descrip-
tion of a unit’s appearance (e.g., knobby, pitted, fretted) rather than its
composition. The term geomorphic, however, is highly misleading as dis-
cussed later (see section 2.2).

Geologic timing is usually established through age determinations based on
remote-sensing data. A method, which again, deviates from terrestrial geo-
logic age dating techniques. As a consequence, the underlying ontological
model of geologic mapping is different from the conventional view on geo-
logic maps and does not only form a subset of a terrestrial ontological
framework.

Despite the generally positive development of “democratization of map-
ping” (Mattmiller 2006, Smith 2010) a number of issues dealing with the

28



maintenance of cartographic quality have been raised and approaches in
dealing with issues of Neocartography are being discussed (Kraak 2011). As
for terrestrial cartography, the same problems apply for planetary mapping
and cartography. Planetary cartography looks back on 50 years of modern
“tradition” when the USGS Astrogeology branch was set up to define, or-
ganize and maintain planetary cartography in the context of the lunar ex-
ploration program. Today hundreds of high-quality maps of planetary bod-
ies have been published by the USGS and new mapping programs have
been set up to map (and remap) the Earth’s moon, Mars and Jovian Satel-
lites. The general acceptance of geographic information systems as tools for
spatial data analysis and cartography in the planetary domain in the early
2000s have lowered the entry threshold to integrating planetary data and
mapping other objects in the solar system. Most products, however, have
not been cartographically checked, standardized or corrected and remain
unpublished. Despite a large planetary mapping community, little motiva-
tion is given for non-US researchers to craft planetary geologic maps due to
a lack of organizational coordination. Outside the US, little effort has been
spent on formalizing and defining GIS-based cartographic products and as
a logical consequence, researchers and mappers make use of GIS-integrated
tools on an intuitive basis to build maps that are neither controlled in terms
of technical cartographic quality nor in terms of their inherent message and
the way in which information is communicated.

While organizational coordination of such an international mapping pro-
gram cannot be established spontaneously, work towards a common under-
standing and framework for planetary mapping could be a first step to-
wards homogenization of mapping attempts collected from different insti-
tutes in Europe.

2. Planetary Map Unit Ontology

2.1. Methodology

To ensure that a geologic map of Saturn’s satellites is comparable to a map
covering Mercury and to ensure that it is understood in Southern Europe in
the same way it is read in Eastern Europe or elsewhere, the employed
(higher-level) vocabulary and taxonomy must be the same for all map
products. Once established, objects can be related to each other using pre-
defined properties and it is possible to make new inferences.

The map-unit ontology is built as a low-level domain ontology. There is cur-
rently no formal approach in designing a domain ontology but it has been
emphasized that the process is highly iterative (e.g., Smith, 2010). A num-
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ber of methods have been established for creating ontologies and they usu-
ally consist of (a) a formal specification, (b) acquisition of knowledge, (c)
conceptualization, (d) integration of pre-existing ontologies and vocabular-
ies, (e) implementation, (f) evaluation, and (g) documentation. For a de-
tailed treatment see Smith (2010) and references cited therein. For space
reasons, we here focus on aspects of specification, in particular on the level
of formality and some first-order competency questions. We here chose to
build a formal domain ontology by addressing the following tasks:

e Definition of domain boundaries in order to limit the knowledge ex-
tent.

¢ Definition of a higher-level taxonomy within this domain.

¢ Definition of object properties.

First, we here describe the general taxonomy of classes (entities) and inher-
itances, followed by object properties. If the ontology is well-designed, it
should provide answers to certain questions known as competency ques-
tions which are the actual motivation and validation scenario for the ontol-
ogy. We here do not cover reasoning and inferences due to the ontology’s
initial state. Some of the fundamental questions to be addressed by the on-
tology cover:

1. Which different characteristics of a map unit are necessary to define
a planetary geologic map unit?

2. Which characteristics are sufficient to represent a planetary geologic
map unit?

3. What is needed to transfer a FeatureUnit to a GeologicalU-
nit?

4. How do units of a given time-span on planet A correlate with units
on moon B and C?
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Figure 2. Simple taxonomic class display with basic properties. Classes are dis-
played as diamonds, properties are represented by lines with arrows.

2.2. Taxonomy and Object Properties

The GeoMapUnit forms the central class (see figure 2) of this approach and
constitutes of three subclasses: a GeologicUnit which describes the well-
defined geological unit in a conventional sense, a FeatureUnit which
forms a unit described by non-genetic and non-material features, and a
MorphologicUnit which is defined by its morphological expression and
which is genetically related to the GeoUnit. These subclasses provide ob-
jects that have either geological properties (material, relative age, absolute
age, associated stratigraphy, positional values, ...) or which only describe a
feature or shape and appearance (coll. geomorphologic unit). The histori-
cally accepted term of a geomorphologic unit (in contrast to a geologic unit)
is not well-chosen as it is intended to be used as a descriptive term. A geo-
morphologic unit, however, is more than just a description of shape and
features as these already imply a set of potential forms of development, the
unit has undergone. If a planetary map unit is described as, e.g., pitted ter-
rain, nothing is usually said about its geologic composition nor its geomor-
phologic evolution. It is correctly suggested, that a unit consists of a geolog-
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ic material deposited at a discrete time in which pits (as morphological ex-
pression) have been formed (at the same time or later during a non-distinct
process). For this ontology, it is therefore suggested to differentiate between
classical geological units (with associated materials and ages), superim-
posed morphologic units (with genetic implications) and miscellaneous
(non-material) feature units carrying no genetic implications. Since feature
units (F) can be transferred to geological units (G) and there exists an in-
verse property which allows to transfer G to F (G canBeTransferredTo
F), and since morphological units (M) are superimposed on geological units
(M IsSuperimposedOn G), it must be inferred that morphological units
are not only superimposed on G, but also on feature units (M IsSuperim-
posedOn F).

G carries most of the map unit contents along with a number of properties
relating temporal and stratigraphical classes to G. G shows several special
object properties: it is reflexive as G always isSuperimposedBy another
G. Its inverse property is IsUnderlainBy which again must be reflexive. It
is also inferred that each G which isUnderlainBy another G does so be-
cause this property is by definition transitive (see Figure 2).

Unfortunately, many planetary geologic maps (also official ones) do not
differentiate between geologic material units and non-material units so that
a homogenization of different maps using different sets of descriptive terms
becomes complicated. This problem has not been addressed thus far and no
attempt has been started yet to “translate” feature units to geologic units.

Object properties concerned with the stratigraphic system (formation, se-
ries, systems) and absolute chronologies (epochs, periods) are independent
of each other initially. A unit has a well-defined age and it therefore belongs
to a geologic time. Along with knowledge about the unit’s location and geo-
logic material, a stratigraphic position is extracted. This must, axiomatical-
ly, be reflected in the unit’s chronological position in time. Therefore,
chronological and stratigraphical classes support each other but they are
not equivalent (see IsUnitOf property in Figure 2).

Despite different planetary chronological and stratigraphical schemes,
properties between these classes remain the same for each planetary object
that is mapped geologically. Consequently, such an ontology can easily be
utilized within a different geological context. The stratigraphic record of
each planetary object is characteristic of that object (hasRecord property).
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3. Conclusions and Outlook

The presented ontology models forms a first outline of basic taxonomic lev-
els describing planetary map units as part of cartographic products. Much
work needs to be accomplished in order to distill a vocabulary allowing to
investigate data and relationships and to integrate the map units’-based
taxonomy into an overarching ontology framework. Such works will help to
provide a semantic platform in which a variety of different geologic map
products are to be integrated (e.g. NaB et al. 2013).

In geological sciences, formal geological ontologies have been established in
recent years. These attempts build on models that were initiated at various
organizations and institutes, mainly in the US (e.g. Johnson et al. 2008,
GMDM 1999, NADM 2001, Bedford et al. 2003, Soller et al. 2002, Richard
et al. 2003, Richard & Soller 2008). GeoSciML forms a hierarchical ap-
proach to establish a structured geologic vocabulary on which science appli-
cations can be built (Sen & Duffy 2005). Planetary geologic classes are not
being dealt with in that approach but it seems feasible to identify a common
nomenclature to either expand GeoSciML taking into account planetary
aspects or to adopt the GeoSciML vocabulary for building a formal ontolog-
ical description for planetary geology and planetary geologic cartography.

Time is the fundamental building block of geologic sciences which estab-
lishes a link between material units as depicted in a map sheet and the tim-
ing of their formation as depicted in chronostratigraphic relationships.
Time and its various relative and absolute expressions are not fully covered
in neither relational nor hierarchical data models. A considerable amount of
additional work needs to be invested to allow answering a richer set of
competency questions in an appropriate OWL-based ontology (see van Gas-
selt & NaBl 2013 and references cited therein: Peuquet 2000, Raper 2005,
Le & Usery 2009).

Formal map ontologies as initially designed by, e.g. Richard (2010) have
not been created so far for planetary thematic cartography. Addressing this
topic would solve issues related to cartographic design and quality control
in a growing mapping environment where map products are usually created
by non-cartographers. Furthermore, due to the highly diverse nature of
planetary mapping in which not only map scales, projections and symbols
but also individual reference body characteristics (geometry and inventory)
play an important role, a formal map ontology would significantly improve
establishing cross relationships between target bodies and their map enti-
ties.
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Cartography integrating the knowledge in
School: Experiences in School Cartography in
Brazil

M. Isabel Castreghini de Freitas

Centre of Analysis and Environmental Planning (CEAPLA), Julio de Mes-
quita Filho State University (UNESP)

Abstract. The objective of this article is to present an overview of the car-
tographic concepts approached in Basic Education in the light of the guide-
lines described in the Brazilian National Curriculum Parameters (NCP, the
position of the experts concerning the thematic and the reality of the school,
based on published studies resulting from research carried out with the
participation of Fundamental School teachers. Considering the Cartography
teaching aspects presented in this study we can envisage the importance of
the appropriation, by the teachers and students, of the elementary carto-
graphic concepts since the first grades of Basic Education.

Keywords: School Cartography, experiences, continuing education

1. Introduction

The objective of this article is to present an overview of the cartographic
concepts approached in Basic Education in the light of the guidelines de-
scribed in the Brazilian National Curriculum Parameters (NCP), the posi-
tion of the experts concerning the thematic and the reality of the school,
based on published studies resulting from research carried out with the
participation of Fundamental School teachers.

The National Curriculum Parameters, from the Brazilian Ministry of Educa-
tion (MEC) are presented as a set of propositions with the function of orien-
tate and ensure coherence in the educational actions in Brazil, with enough
flexibility to allow decisions concerning the curriculum and the elaboration
of programs which respect regional and local characteristics.

Given the diversity of possibilities concerning educational practices related
to the pedagogic tendencies predominant in Brazil over the history of the
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Brazilian education, the NCP were elaborated based on the most relevant
aspects of each pedagogic tendency and their influence on the formation of
contemporary students, considering:

[...Jthe importance of the constructive participation
of the student and, at the same time, the interven-
tion of the teacher for the learning of specific con-
tents which favor the development of the necessary
capacities for the formation of the individual (Brasil

1997a).

In this context, Cartography emerges as an integrating discipline, combin-
ing different areas of knowledge, as it develops concepts from other disci-
plines such as Math, Science, History and Geography. In its applications in
school, it has a great potential to address, direct or indirectly, different are-
as of knowledge and stimulates the abilities of the students, allowing,
through practice, the mastering of concepts and techniques which contrib-
ute for their global formation in the first school years.

2. Geography NCP and School Cartography

Aiming to explore the potential of School Cartography in Geography Teach-
ing, we initiated the investigation consulting the NCP approaching the
theme Geography, searching the governmental references for the practice of
Cartography in Basic Education.

The NCPs in Geography have the objective to broaden the capacities of
Basic Education students to observe and interact with their living space,
developing abilities concerning knowledge, differentiation and representa-
tion of the geographic space. Concerning the proposal of the use of graphic
language and Cartography in Geography teaching, the National Curriculum
Parameters indicate:

[...] The study of the graphic language has increas-
ingly reaffirmed its importance since the beginning
of schooling. Not only does it contribute for the
students to comprehend and use the basic tool of
Geography, the maps, but also to develop capacities
related to the representation of the space. Cartog-
raphy is a knowledge which has been developing
since pre-history until the present cay. This lan-
guage allows the synthesis of information, the ex-
pression of knowledge, and the study of situations
among other things, always involving the idea of the
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production of the space: its organization and distri-
bution (Brasil 1997b).

Cartography is a discipline which theoretical and technical fundaments al-
low the exploration and the improvement of the Basic Education students’
capacities, such as sense of observation, interpretation, comparison and
representation of space and its transformations. Cartography teaching at
school is usually started by the elementary topologic relations, followed by
the elaboration of sketches and simplified representations of the students’
living space, the nearby space and gradually by increasing the complexity of
the activities through reading, interpretation and representation of differ-
ent landscapes of the local, regional and global geographic space.

The theoretical-methodological basis of the cognitive development which
found the Brazilian School Cartography is described in the studies by Pia-
get. According to Almeida (2003):

Piaget, supported by a team of researchers, per-
formed several studies which allowed the creation of
one of the most complete genetic theories about the
cognitive development of the human being. In the
light of other theories, the study by Piaget suffers
some restrictions; nevertheless, concerning the rep-
resentation of the space, his studies remain funda-
mental (Almeida 2003).

In Brazil, the pioneer study by Livia de Oliveira, formed the foundation of
the School Cartography, based on the theoretical orientation of Piaget and
served as reference to a great number of researchers. In her habilitation
thesis, defended in 1978, presents the Methodological and Cognitive Study
of the Map, Oliveira (1978), a contribution for the construction of the meth-
odological bases of the study of the map in Geography. In a reflexive analy-
sis of this study Oliveira (2008) presents a synthesis of his main contribu-
tions to this thematic. the author defends and proposes the teach-
ing/learning process of the map, emphasizing the importance of the
knowledge of the space, by the child, before the interaction with the map
itself, and launches “the bases for a map methodology”, preconizing;:

[...] The notion of space and its representation do
not simply derive from perception: it is the subject,
by the use on intelligence, who attributes meaning
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to the perceived objects, enriching and developing
the perceptual activity (Oliveira 2008).

The author is supported by the explanation of Piaget concerning the intel-
lectual development of the space, “which states that the spatial topological
relations are the first to be established by the child, both in the perceptive
and the representative plans; and it is from the topological relations that
the projective and Euclidian relations will be elaborated” (Oliveira 2008).

Posteriorly, taking external references as the sun, the stars and the cardinal
points, the children orient themselves in the geographic space using an “ob-
jective system of references” as a basis (Oliveira 2008).

Thus, it is assumed that, in what concerns Cartography learning, the child
should acquire the notions of topological spatial relations and then the pro-
jective ones to, in a consecutive stage, initiate he work with the map. Much
of this conceptual domain of the geographic directions emerge from the
corporal experience of the child in the space [...] “to learn about the space,
the child needs to move within it, locomote throughout it — space which in
turn includes animated and inanimate entities, of various types” (Oliveira
2008).

We agree with Oliveira (2008) who stated that “the value of the map is in
what the teacher is willing to do with it” indicating that it is up to the teach-
er to, having knowledge about this tool, use and apply this “model of reali-
ty” to the situations emerged during the classes (Oliveira 2008).

In general, in the geographic learning of concepts,
the teacher follows two paths: a) through the suc-
cessive increase of the scale, from the classroom to
the neighborhood and then to the district, the city,
the state or the nation, and so forth; or b) through
direct learning of non-familiar and non-perceived
concepts, through the abilities of handling maps and
globes (Oliveira 2008).

The author still mentions the difficulties of the schools to provide maps for
the didactic activities, basing on her experience in the state of Sao Paulo.
The economic factor is one of the indicated by the author concerning the
acquisition of such documents (Oliveira 2008).

In our experience in the formation courses in the Center of Continuing Ed-
ucation in Mathematic, Scientific and Environmental Education of UNESP
(CECEMCA) we observed the non-availability of maps at school in all states
of the country, with few exceptions. The scarcity of cartographic material
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greatly impairs its use by the teacher. Today, most schools count on com-
putational systems, and it is expected that digital maps can be made availa-
ble for Basic Education in the near future. However, for this to happen,
many advances in terms of infrastructure, mainly concerning access to high
performance internet are still necessary, considering that, when existing,
this access is restricted to dial-up internet, which is slow and inefficient for
this type of document, which uses heavy files.

Considering this reality, we questioned which are the ways for the concreti-
zation of the inclusion of Cartography in the programs and school
knowledge? How to help teachers in formation and those already working
to overcome their formation difficulties in order to incorporate the study
and teaching of maps in their daily practice? We consider that such neces-
sary changes can be triggered by the inclusion of the theme Cartography in
the initial and continuing formation of the teacher.

3. Cartography in the Initial Formation in Geography

Concerning the initial formation in Geography, we developed a study aim-
ing to present an analysis of the discipline Cartography in the Graduation
Courses in Public Universities in Brazil, emphasizing the aspects related to
the syllabus, course load and current programmatic content and its inter-
face with the different areas comprised by the geotechnologies. (Freitas
2010). In a first stage we performed the analysis of the Syllabus of the
Courses trying to classify the disciplines in the cartographic and geotechno-
logical areas. In a second stag we performed the analysis of the content of
disciplinary programs available, trying to understand how the Cartographic
Science and the Geotechnologies have been approached in the geography
Graduation courses in Brazil. As a result of the study we call attention to
the tendency, in some of courses here studied, to offer cartographic disci-
plines and specific geotechnologies for the Geography Graduate, mainly
concerning the themes related to Cartography Teaching, School Cartog-
raphy and the Elaboration of Didactic Material, which is critical for the im-
provement in the performance of the teacher in the classroom. We observed
that, among the 27 Universities studied, 10 Universities; i.e., 37% of the
evaluated institutions presented disciplines associated to Cartography
Teaching and School Cartography in the syllabus, some of them not manda-
tory, In this sense, we found:

Advances in this sense have been reported in some
Universities, where specific disciplines for the for-
mation of graduates can be found: Educational
Practice in Cartography (mandatory for Graduation
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at UFJF — Federal University of Juiz de Fora);
School Cartography (mandatory at UFSC — Federal
University of Santa Catarina and optative at UFES
— Federal University of Espirito Santo, UEM — State
University of Maringa and UFSE — Federal Univer-
sity of Sergipe); Cartography Teaching Methodology
(mandatory at UFSJ — Federal University of Sao
Joao Del Rey); Conception and Elaboration of Di-
dactic Material in Geography (mandatory for gradu-
ation at UERJ — University of the State of Rio de
Janeiro); Mediator Learning for Computing (UFC —
Federal University of Ceara) and Cartography Ap-
plied to Teaching (UFPA- Federal University of Para
and UFAM - Federal University of Maranhao)
(Freitas 2010).

This scenario indicates how incipient is the formation of the Geography
Graduates in the disciplines of applied Cartography area, in the Geography
Courses of Brazilian Public Universities. In this sense, we consider that the
conditions of the Geography teachers of the country are concerning, consid-
ering that a minority attend Public Universities, from which little more than
1/3 have access to theoretical and methodological bases for Cartography
teaching in schools, which in many cases compose the optative disciplines
in the Graduation Courses.

In the article ‘Different types of knowledge in the Formation of the Geogra-
phy Teacher’, Lopes Junior (2010) emphasizes the results of his analysis
concerning Geography teaching:

It can be noticed that the school, and in this case the
geography teaching, needs to contribute with the
explanation of the contemporary world through the
reading of the space while totality — a world which
expresses constant alterations. This geographic
space, product of history which involves objects and
actions expresses social practices that should be
identified and comprehended by the student. (Lopes
Junior 2010)

When we consider the formation of the Graduate in Geography, we refer to
Santos and Kulaif (2006) who point the elements that should be observed
in the initial formation courses, taking into consideration the specificities of
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school education, which should be one of the instruments of the promotion
of the human being to a free and conscious individual. The authors still
consider that, for the school geography to be efficient in the formation of a
student aware of his/her spatial reality, it is necessary to have the actuation
of the teacher in the sense of integrating, in the classes, the local spatial
logic with the global spatial logic; i.e., there is no sense in teaching the part,
not considering the whole.

In Sao Paulo State University — UNESP, in 2013 for the first time, we of-
fered an optative discipline named Inclusive and School Cartography, com-
bining didactical material and methodologies to teach Cartography, stimu-
lating integrated activities in fundamental level involving blind and deaf
students.

4. Cartography at School

In the study about Geography for children’s learning Callai (2005) points
the importance of Cartography for the formation of the child in basic Edu-
cation:

One of the possible ways to read the space is through maps, which are the
cartographic representation of a particular space. Academics in the Cartog-
raphy teaching/learning area consider that, for the subject to be able to crit-
ically read the space, it is necessary that he/she knows what to do with the
reading of the concrete/real space, and also that he/she knows how to read
its representation: the map (Callai 2005).

In this sense, we consider that the disciplines destined to the formation of
the Graduate should be valued, and among them are School Cartography
and Cartography Teaching Methodology, which should be considered as
important as the specific disciplines for the formation of the Bachelor in
Geography.

Given the scope of the subjects addressed and the way the geographic con-
tents are organized, for Simielli (1996), elaborating a course for the Basic
Education is much more than a didactic transposition of the wise/university
knowledge. We agree with the author, who considers that this task is:

[...] a real reconstruction of the geographic knowledge on partially other
basis, as the purposes, the objectives and the means of the practice I Geog-
raphy are not the same in University and in 1st and 2nd grades (Simielli
1996).

The author argues that, in Basic Education, the teacher usually adopts the
intuitive method, which goes from the specific to the general; and not the
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deductive — which goes from the general to the specific. Thus, the teacher,
in each lesson, should select and classify the facts proposed by the universi-
ty knowledge within a coherent evolution and adapted to the capacities of
the students and the objectives inherent to their general formation.

The author considers that, in the Basic Education:

¢ in the first cycle (today, from the 1st to the 5th grade) the teacher should
basically approach the cartographic alphabetization, which would be the
phase when the student needs to have contact with the elements and
comprehend the process of elaboration of the graphic representation to,
posteriorly, effectively work with the cartographic representation.

e In the second cycle of Basic Education (today, from the 6th to the gth
grade) the student occasionally needs elements of cartographic alphabet-
ization; however, from the 7th grade, he/she is able to work with analy-
sis/localization and correlation (Simielli 1996).

Concerning the initial grades, the author emphasizes that the basic notions
of Cartography should actively involve the child, making him/her the main
actor in the development of the activities, “for a better comprehension of
the representation of space” (Simielli 2008).

Thus, the following Cartography themes are recommended for 1st to 4th
grades (2nd to 5th year):

e Oblique and vertical views

¢ three-dimensional and two-dimensional images
e Cartographic Representations

e Structuration of Legends

e Proportion and scale

e Laterality, references and spatial orientation

Study as the ones developed by the author corroborate Oliveira (2008) in-
dicating the need of Cartography as discipline in the initial and continuing
formation courses for the adequate utilization of the concepts in the class-
room practices.

5. Experiences in continuing formation of Cartog-
raphy teachers

Assuming the need to introduce Cartography in the continuing formation of
the teachers, we emphasize the work carried out by the group of researchers
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from the Center of Continuing Education in Mathematic, Scientific and En-
vironmental Education of UNESP (CECEMCA) and some results obtained
in formations in which they worked in the period between 2005 and 2010
in Brazil, presented in UNESP (2009) and Freitas (2010).

Preparing the children of Nursery School and in the first years of Basic Ed-
ucation to work the topological relations is a fundamental step to prepare
them for the Euclidian and projective spatial relations. An example of an
activity in Nursery Education is presented by the teacher Denise, from
Navirai — MS:

In nursery education (5 year-old students) we had
50 minutes of the weekly routine to work in the park
of tubes (a place at school). Exploring the proper
space and according to week planning, the students
and I, as mediator, observed everything around us.
I asked them to move on the grass, facing the school
wall; then I asked them to point what was on their
right — the wall; what was on their left — the fruit
garden; and finally questioned them about what was
behind them — other wall.

[...] T asked them about what was in front of them,
on the right, on the left and behind each element.
We also addressed the notions of near and far. The
intention was not to form concepts, only notions. I
wanted the students to comprehend the meaning of
each term and located themselves and talked about
their location sing the terms. This way I could work
orality and logical thinking. Then in the classroom, I
had them draw the activity and locate themselves
circling their body in the drawing (Denise, Teacher
in Navirai — MS 2007).

In this example we see that the teacher organizes the activities in order to
involve the students, exploring the elementary topological relations. The
teacher gathers the children in a leisure space of the school and performs
the observation of the surroundings, presenting questions and answers
about objects around them. Posteriorly, activities of topological relations
and orientation are performed in the classroom, observing the internal ob-
jects. The activities are concluded with drawings which are elaborated and
exposed, deepening the topological relations, now represented on paper.

44



We observed that the teacher opts for the observation of the external space,
followed by the observation in the classroom, the representation of the ob-
jects and the position of the child who draws. In this case, the drawing is
not an end in itself, but a means which incentives the discussion about the
topological relations. In the end of the activity the drawings are observed
and analyzed by the group, trying to interpret the topological relations of
the objects there represented, in an association between reality and repre-
sentation.

The theme Elementary Topological Relations is easily incorporated to the
daily school practices, fact that made the great majority of teachers select it
to elaborate lesson plans and develop activities for the students.

In terms of cartographic representation we call attention to the account
given by the Teacher Educator Rafael, who explores different moments of
the formation course in Capao Bonito — SP - Brasil, using sketches and the
observation of the environment aiming to stimulate the environmental per-
ception of the participants:

The first activities were sketches. There was a very
nice activity in which they walked around a square
next to the formation center [of Capao Bonito] and,
nonchalantly [we said:] let’s take a walk to chill out
a little bit. And they visited the square and came
back to school. Then they had to elaborate a sketch
of the way. It was interesting because they started
to understand they do not look around. Many teach-
ers who proposed the activity included a particular
place or point in their own sketches and the others
hadn’t noticed the existence of such place in the city.
Formation Capao Bonito (Rafael 2010, verbal in-
formation).

Stimulate the knowledge about the environment in which the student is
inserted; experience the spaces of the school, of the surroundings and the
life in the districts and the city; open the senses and perform activities to
study, experience and perceive the environment can broaden the
knowledge possibilities of the actors involved in the school routine, improv-
ing the formation of the teacher, who has the opportunity to form
him/herself, form the study group in which he/she is inserted and form the

1 Excerpt of an interview with Teacher Educator Rafael, carried out by the researcher in Rio
Claro, on 11/25/2010.
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students through experiences as the ones described here. In several mo-
ments the sketches and maquettes materialized such experiences.

The Teacher Educator Rafael also presents an account on the elaboration of
magquettes in formation Capao Bonito — SP - Brazil, in a growth and evolu-
tion which have as primary scenario the classroom in the continuing educa-
tion course. He describes the experience of a maquettes elaborated in a
collective study, in the form of a big mosaic, being an instrument in the ex-
hibition of the different realities of the schools in that locality.

[...] Then the part of the maquettes was the follow-
ing stage, and the scales fight started, as they had
difficulties to calculate, and the first maquettes were
made without any proportions: a door was the same
size of the room, the windows were very small,
[when] they started to make the maquettes in the
classroom. Then the desks were disproportionate to
the walls, and in this moment the scale appeared
[and] they began to understand how the scale with
thread worked, playing with the thread to make the
scale. On the following day the maquettes started
to get more elaborated.

[...] So, they made some projects with maquettes. It

was a project that involved seven schools, if I am not
mistaken; they made the maquettes of their school,
the school in their neighborhood and after it became
a big jigsaw puzzle. On the city’s anniversary they
made this maquette setting the small maquettes as
close as possible to form the central part of the city.
It was [a] very nice activity because in addition to
being interdisciplinary (involved several disciplines
of the school), it was inter-schools. (Rafael 2010,
verbal information)=2.

By the Teacher Educator’s account we can observe that the sketches and
magquettes were, in this case, more than instruments of representation of
the living space or mechanisms for the study of concepts involving cartog-
raphy, geography and environmental studies, as they allowed, in practice, to
exercise the individual and collective capacity to learn.

2 Excerpt of an interview with Teacher Educator Rafael, carried out by the researcher in Rio
Claro, on 11/25/2010.
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6. Final Considerations

Considering the Cartography teaching aspects presented in this study we
can envisage the importance of the appropriation, by the teachers and stu-
dents, of the elementary cartographic concepts since the first grades of
Basic Education.

The experiments carried out in the scope of initial and continuing for-
mation indicate as critical the integration of the university types of
knowledge with the teaching types of knowledge concerning Basic Educa-
tion, having as starting point themes related to the elementary topological
orientations, sketches and maquettes, revealed by the experiences taken
from formation activities organized by CECEMCA/UNESP.

The action in continuing formation have more chances to be successful if
based on the constant dialogue between teachers and teacher educators,
allowing them to grow together, creating a strong bond with the theme
studied, deepening the personal relationship and the solidarity in the school
environment, stimulating them to share experiences and knowledge.

In the continuing formation performed, the teachers in general opted to
conduct, in the classroom, activities related to the topological spatial rela-
tions, making use of the school environment, both for Nursery School and
for the first years of Basic Education. The cartographic representations of
the students’ nearby space were properly explored by the teachers, respect-
ing the cognitive development and the perception of the environment by the
students, which is compatible with the theoretical principles or the area.
The collective maquettes showed to be cartographic instruments, catalyzing
people and types of knowledge, giving a new sense to what was formerly
considered a decorative object used in fairs and exhibitions, allowing
changes in the behavior of individuals in relation to their place of living.

We hope that the experiences described here contribute with the construc-
tion of the global contemporary knowledge of the formation actions in
school cartography.
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Mapping my River: New Technologies applied to
cartography to support environmental educa-
tion in the teaching of Geography
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Abstract. The objective of this paper aims to develop and evaluate the
methodology used for the addition of new technologies applied to cartog-
raphy via environmental education in the teaching of Geography. This pa-
per, as part of the research for my Master's Degree, is developing a website
to support the process of teaching and learning Geography about the Alcan-
tara River in Sao Gongalo, Rio de Janeiro. New technologies used in cartog-
raphy shall be used, such as Multimedia Cartography, Web Cartography
and Remote Sensing, in accordance with the PCN — National Syllabus
Guideline (Parametros Curriculares Nacionais) in Geography and the envi-
ronmental transverse theme. The methodology is directed towards the crea-
tion of some digital media named MMR (Mapping My River) via the Inter-
net and divided into three modules: Module 1 (Learning the basics of Car-
tography), Module 2 (Exploring the Alcantara River) and Module 3 (Socio
environmental awareness of the Alcantara River). The main objective of this
material is to allow students to interact in an active way in the construction
of their knowledge about the socio environmental importance of the Alcan-
tara River in Sao Gongcalo and, thus, raising their ecologic preservation
awareness of the river through the cartographical activities proposed in
each module; in order to achieve that the student may add photos, videos,
text, audio, as well as satellite images according to each activity in the mod-
ules. This material is going to be evaluated in seventh grade classes of basic
education of public schools in Sao Gongalo city through practical tests dur-
ing the first semester of 2013. After the evaluation of the results from the
tests performed at the schools, adaptations and corrections of this material
shall be made available and hosted at City Hall's webpage still being
amendable.

Keywords: Cartography, New Technologies, Environmental Education
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1. Introduction

Contemporary society punctuated by strides in technology development
described as "the information age" (Castells 1999). This new reality is char-
acterized by the easy access to modern means of mass communication and
information, such as television broadcasts, telephony, school age children
who use the computer a lot. The quick changes in the technology field draw
in a new pace in teaching and learning (Kenski 1998).

Accordingly, the integrated introduction of new technologies applied to
cartography, particularly, Multimedia Cartography, WEB Cartography and
Remote Sensing in teaching has become important resources as aid to Ge-
ography classes. These technologies used in an integrated way in the teach-
ing and learning process of Geography enable the student to analyze and
participate actively in the construction of knowledge as they enter geo-
graphic information about the theme being studied into the modules from
the combination of maps with assorted media: texts, pictures, videos,
sounds, as well as satellite images according to the assignments.

Due to the limited production of cartographic material about the
Alcantara River located in Sao Gongalo city, as research project, the devel-
opment and evaluation of a methodology to support environmental educa-
tion in the teaching of Geography has been proposed for the ongoing Mas-
ter's Degree.

The methodology consists on the creation of a website named MMR (Map-
ping My River) to support environmental education about the Alcantara
River, to teach Geography to seventh grade students from the public city
schools of Sao Goncalo. New technologies applied to cartography to support
environmental education in Geography classes shall be used, such as Web
Cartography, Multimedia Cartography and remote sensing in order to teach
environmental education, in particular, the Alcantara river in Sao Gongalo,
Rio de Janeiro. According to (Wiegand 2006), at this school stage, students
are able to work with maps in a more analytical way.

This meets one of the propositions of the National Syllabus Guideline
(Parametros Curriculares Nacionais) (Brazil 1999) for Geography, which
suggests the usage of different sources of information and technologic re-
sources for the construction of geographical knowledge.

Acccording to National Syllabus Guideline — Transversal Themes (Brazil
1999)3, the main contribution of schooling is to "contribute with the educa-

3 Parametros Curriculares Nacionais is a syllabus guide organized by subjects and grades for
basic education in Brazil.
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tion of conscious citizens, capable of making decisions and act in the socio-
environmental reality in a way that is committed to life, with the well-being
of each one and society as a whole, locally and globally".

Thus, this material aims to help the student learn about the socio-
environmental importance of the Alcantara River from its natural dynamics
and the occurred anthropic impact, in a more intense way, between 1970 to
2010, which resulted in the current state of degradation of this water
resource, and thereafter raise their environmental awareness for the
preservation of this river.

2. Theoretical considerations about new technolo-
gies applied to cartography to support environ-
mental education in Geography classes

In the midst of the technologic innovations in Cartography, the map is in-
creasingly more present in daily life through a large array of media, be it in
books, magazines, newspapers, television newscasts or the world wide web;
however many people don't have the skill to understand the geographic
information presented in the maps (Elzakker 2001).

The improvement of the new technologies used in the developing of map-
ping has not been followed in the usage of combination of digital maps in
basic education. The pedagogical practices of geography teachers, is mostly
still based on analogical maps; and those, in their turn, represent an un-
changeable static reality limiting the interaction of the user as a reader
(Menezes 1999).

According to the methodological guide written by the Ministry of Educa-
tion of Brazil named National Syllabus Guideline (Brazil 1999) of Geogra-
phy, the process of teaching and learning of this subject must contemplate
“the usage of different sources of information and technological resources
for the construction of geographic knowledge (Brazil 1999)”.

It is necessary to demystify the idea that technology is something that does
not belong in basic education. Therefore, the use of Multimedia Cartog-
raphy, WEB Cartography and Remote Sensing inserted into Geography
classes allow for the teaching of environmental themes aiming to raise
awareness in the student about the importance of the preservation through
behavioral changes defended by (Leff 2005) as environmental rationality
which is characterized as a new positioning of human beings in harmony
with nature.
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These technologies applied to cartography in environmental education
have, as a primary role, to make classes more dynamic and interactive, as in
virtual learning environments, the students are not only able to spot and
identify, but they can also take a reflexive posture and a participative initia-
tive about the importance of the river preservation and that benefits both
the quality of life of Sio Gongalo and the local environment, contributing to
the biodiversity of this water resource.

2.1. New cartographic technologies as environmental education
aids in the teaching of Geography

The development and improvement of cartographic techniques, via the in-
ternet, has increasingly made the understanding of geographic space dy-
namics easier, creating a brand new environment for mapping: interactivi-
ty, real time and a dynamic environment (Kraak 2001). According to (El-
zakker 2001) the use of maps on the internet offers the possibility of easily
checking up places, use pan tools to move around the maps according to the
needs of the research and also use hyperlinks integrated to multimedia (pic-
tures, sound and video) and, it mainly presents the advantage of updating
geographic information.

Even though it has become increasingly more common in the student's dai-
ly life to use digital maps, many of them still do not have basic notions of
Cartography to interpret the geographical information presented by those
maps (Peterson 2007).

Schooling becomes a key element in the construction of a society based on
information, in knowledge and learning (Takahashi 2000). It is up to the
school to create an environment through which the new technologies allow
for an interdisciplinary interactive teaching, set to prepare students to be-
come subjects capable of thinking, creating and expressing themselves via
different languages.

Thus, the proposition of this investigation is to allow the student to handle
the map according to the pedagogic assignment in each module, such as the
pan resource to move the map or through the paintbrush tool they will be
able to create the proper symbols for the map information and insert in-
formation about the studied subject following the teacher's instructions,
among others.

Therefore, Multimedia Cartography based on the combination of maps and
other medias (text, pictures and video) supported by the computer (Peter-
son 2007) becomes an important tool to identify, understand and develop a
mental representation of their local space; ergo, it is important to offer this
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technology to basic education. The use of the World Wide Web can make
multimedia resources a potential tool for learning, as it permits collabora-
tion, interaction and exchange of ideas between students and teacher; be-
sides, the internet is a tool to gather, select geographical data. Wherefore,
students would become involved in their own construction of maps accord-
ing to their needs (Wiegand 2005).

According to (Peterson 2007) other benefits would be gathered from using
Multimedia Cartography via the internet in geography education, among
those interactivity and dynamics: the student would take an active partici-
pation in the construction of knowledge, greater motivation and flexibility
in learning, once one works with the student's contemporary technology.

Didactic-pedagogical practices in Geography must meet the use of maps in
Geography classes not being limited to the location of determined spots that
are ready and made for the students, but leading students to become active
and participative in the mapping process, in the selection and insertion of
spatial data from their living space and, consequently, in other spatial scal-
ing.

2.2. Remote Sensing in Environmental Education

In geographic science, remote sensing has become an important tool for
"recognizing" Earth in different spatial and time scales (Santos 2002); that
allows men to better recognize their living space, as they visualize the dy-
namics of geographic space. Didactical procedures used in Geography clas-
ses must follow this new culture in the teaching universe (Di Maio 2004).

According to (Carvalho & Cruz 2001) this new technology helps students
understand geographic space in a less abstract way if compared to a map. In
accordance (Santos 2002), the introduction of Remote Sensing technology
in schools allows students to identify, relate and understand environments
and their transformation, such the impact caused by natural phenomena
and anthropic alike, in particular of the Alcantara River in Sdo Gongalo
(Florenzano 2005).

3. Objectives

The hereby paper proposes a methodology to support environmental educa-
tion in the teaching of Geography. The dynamics of the Alcantara River in
Sao Goncgalo is approached between 1970 and 2010 using new Technologies
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applied to cartography, involving basic notions of Cartography, Multimedia
Cartography, Web Cartography and Remote Sensing. In order to achieve
that, the research aims to survey seventh grade Geography teachers to gath-
er data about the didactic-pedagogical practices focused on environmental
education in public city schools, to create a teaching methodology to sup-
port environmental education, namely, the Alcantara River in Sao Gongalo,
evaluate the use of new technology applied to cartography (media, internet,
satellite images), via practical tests, in seventh grade classes of basic educa-
tion in public schools from the city of S3o Gongalo. Lastly, the main goal is
to evaluate how these new technologies applied to cartography may con-
tribute to the construction of environmental awareness in students about of
this water resource in the teaching and learning process.

4. Methodology

The city of Sao Gongalo is nestled in the metropolitan area of Rio de Janei-
ro, more precisely on the east shore of Guanabara Bay and has ten river
basins being that that five basins are inserted fully in the county and two
partially (Andrade, 2011). However, in the last few decades, the swift popu-
lation growth in the city spiked from a total of 1970 431. 270 thousand in-
habitants in the 70's to 999.978 thousand inhabitants (IBGE 2012) and it
has not been followed by specific urbanization laws and regulations, which
favored irregular erections with none or very little infrastructure of sanita-
tion and, moreover, deforestation and embankments literally "crossed out"
this water resource. That has resulted in the degradation of great part of the
Alcantara River in S3o Gongalo which nowadays is in high environmental
degradation.

Due to the importance of the subject and the current situation of environ-
mental degradation of the Alcantara River in Sdo Gongalo - Rio de Janeiro,
this environmental theme has been chosen because of the limited works in
Environmental Education performed in the public schools of the city ac-
cording to the City's Environmental Education Sub Secretary. Therefore,
the ongoing research aims to develop and evaluate methodology in seventh
grade classes of basic education through the use of new technologies ap-
plied to cartography to support environmental education in Geography
classes, such as Multimedia Cartography, Web Cartography and Remote
Sensing, in accordance with the Parametros Curriculares Nacionais (PCN)
of Geography and the transversal theme of Environment.

This research is creating a digital material about the "Alcantara River" lo-
cated in Sao Gongcalo, Rio de Janeiro as transversal theme regarding Envi-
ronmental Education named Mapeando Meu Rio (MMR — Mapping My
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River). This website has been developed with XML files (texts, images and
exercises) on WordPress, besides activities proposed on the Google Earth
software. The MMR is a methodological proposition, developed in a Mas-
ter's degree course to support environmental education, via the internet,
structured into modules, texts, exercises, curiosities, further reading and
website suggestions for interaction. The research website can be found at
www.mmr.com.br, but it is not yet available for the World Wide Web. After
the implementation of this instrument and future adaptations and correc-
tions, this material shall be made available for free on the Sdo Gongalo's
City Hall website4.

Table 1 summarises the content of MMR.

This material shall be evaluated in seventh grade classes of basic education
in the public city schools of Sdo Gongcalo. The schools participating in the
tests shall be defined by the end of the current year with the City of Sao
Gongcalo Education Secretary.

5. Final Comments

The ongoing research investigates the introduction of new technologies to
basic education, as is creating means for evaluation on the website,
Mapeando Meu Rio (MMR — Mapping my River) that has as methodologi-
cal proposition the usage of Multimedia Cartography, Web Cartography and
Remote Sensing in environmental education in the teaching of Geography
for the study of the Alcantara River in Sdo Gongalo city — Rio de Janeiro
and shall create evaluation means for it.

It is expected that the evaluations of this website to support environmental
education indicate positive perspectives promoting environmental aware-
ness in students about the Alcantara River from the presence of this river in
their city. To sum it up, we seek to contribute to the improvement of the
quality of Geography classes, creating a bigger interest in students and
teachers for science and technology.

4 Sao Gongalo's City Hall is available at: http://www.saogoncalo.rj.gov.br.
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CONTENT OBJECTIVES ACTIVITIES
MODULE 1 Orientation - identify the basic elements of | Exercises
. . cartography; .
Learning the Geographic grapny Websites for
basics of Cartog- | Coordenates - Reinforce the basic notions of interaction
raphy Scale cartography anq fill in possible Curiosities
gaps from previous school
Projection years; Further
- - - reading
MODULE 2 The Alcantara - learn about the Alcantara River
. River and its and understand in time-space
Exploring the ] )
A . environmental scale the environmental causes
Alcantara River ) ] .
degradation and impact over this water re-

source between 1970 and 2010
via several medias, such as
drawings, pictures, texts, sound,
video, and satellite images.

MODULE 3
Socio environ-
mental aware-
ness of the
Alcantara River

Preservation and
conservation of
this river

- understand the importance and
the role of this water resource
for the environment attempting
to develop environmental
awareness in students about the
river.

Table 1. Structure of the MMR website
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Abstract. This presented study aimed to investigate the different cognitive
process involved in representing through the mental map of the home-
school route yielded by students on 6th year of primary school, performing
a comparison between the expression obtained by a bidimensional repre-
sentation in form of a mental map and the textual representation obtained
by a practice activity performed with 78 students on 6th year of primary
school. Yet, it aimed to classify the representations in different levels, from
the simplest ones to the most complex ones, intending to establish from
these results strategies for Geography teaching based on the use of carto-
graphic language. For the results obtained, they were considered three ana-
lyzes with the representations constructed by the students. Two analyzes of
the drawings, one related to type of vision adopted to represent the ele-
ments included in the drawing (lateral or vertical) and the other taking into
consideration the arrangement of the represented elements, the orientation
of the base of these elements on the sheet of paper, and further, if the stu-
dent represented only the home-school route or if he also represented the
surroundings of the route. Results showed that great part of the students
presented a good performance on textual expression of elementary topolog-
ical relations of laterality based on the observation of mental map, as well
as on the usage of vertical vision over lateral vision in the representation of
mental map, whereas for analyzes of disposal and spatial elements connec-
tion, great part of the students represented them simply, including onto
map only the distance traveled with no representation of its surroundings.

Keywords: Scholar Cartography, home-school route, basic education
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1. Introduction

The teaching of Geography has great importance for the student in school
age to comprehend the processes and the relations established between the
man and the environment. The lecture of geographical space occurs, above
all, through the usage of a specific language of Geography: Cartography.

Cartography is a spatial language that must be apprehended by the students
during all school life long, being widely recommended its use by the docu-
ments that treats Brazilian scholar Geography’s contends: the National
Curriculum Parameters (PCN, its acronym in Portuguese).

In this document, the usage of cartography as a way to understand the geo-
graphic discipline is highlighted, where, at the end of Primary School the
student shall know to utilize the cartographic language to obtain infor-
mation and to represent the spatiality of geographic phenomena (Brasil
1997).

Based on this context, the presented study aims to investigate, via represen-
tation of home-school route elaborated by the students of 6t year of prima-
ry school, performing a comparison between expression obtained by a bi-
dimensional representation in form of a mental map and the textual repre-
sentation. Yet, it aimed to classify the representations in different levels,
from the simplest ones to the most complex ones, intending to establish
from these results strategies for Geography teaching based on the use of
cartographic language.

2. Methodology

The means used to investigate knowledge on spatial representation of the
participating students on the practice was the expression in form of a men-
tal map and its description in form of a written text, having as basis the dis-
tance traveled by the students between the school and their homes.

According to Pontuschka et al (2009), mental maps are important and ef-
fective tools to comprehend the values one assigns to different places, hav-
ing its main parameter the lived space.

The lived space refers to a space experienced through the movement and
the displacement of the individual, it"s the space in which the kid is in di-
rect contact and connects directly (Almeida & Passini 2004).

The mental maps, or drawings, are representations where there is no preoc-
cupation with the perspective or any cartographic convention. When work-
ing this kind of representation, the student can use his creativity or to es-
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tablish his own criteria of representation using as basis his own memory
(Castellar & Vilhena 2010).

This category of representation is still frequently utilized as methodological
resources to investigate how the signs are constructed and decoded (Kozel
2006), to analyze mental maps constructed by kids at scholar age, can yield
important clues to comprehension of the geographical space and its repre-
sentation.

The development of the proposed practice aimed, beyond to establish the
students” comprehension degree in relation to expression and graphical
representation, to develop on them elementary topological representations
and the vertical and lateral vision.

Between analyzes performed with the drawings and texts elaborated by the
students during the practice is the notion of elementary topological rela-
tions.

Elementary topological relations are the spatial relations that establish
among the elements in the space next to the kid. Between the concepts are
part of these relations are, e.g., the neighborly relations, the order and the
laterality.

The neighborhood is the most elementary level of spatial perception of the
kid. In it, the kid realizes the objects are realized on a same plan and they
have proximity and contiguity (Almeida & Passini 2004). When the kid
dominates this kind of perception, it realizes the objects distributed on the
space are arranged accordingly to its proximity to each other. This notion is
primordial to represent the traveled route between home and school, as
requested to the students during the practice activity.

The relation of order yields the relation of neighborhood. In this process,
the student can comprehend the objects spatially distributed have an organ-
ization, i.e., an element precedes and succeeds another (Almeida & Passini
2004). This relation is evidenced in the mental map “s registers obtained by
the practice activity as the elements perceived by the students are repre-
sented according to an order, since the point of origin, the school, to the
point of arrival, the home, in the route represented by the students.

The laterality develops in the child between 8 and 11 years old and with its
domain, the kid is capable to define what”s at the right and what’s at the
left of what. When it domains totally this question, the child identifies not
only the left from its body, but also the left from objects that are in front of
it, or projected on a plan, like the paper (Almeida & Passini 2004). The do-
main of laterality designates, in a very practical way, the preparing of the
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child to understand the elements used in the cartographic language, such as
latitude and longitude, and rotation movement of the Earth.

For Almeida and Passini (2004) this question of laterality can be consid-
ered by the teacher to take the student to the necessary decentralization for
understanding of geographical references.

Another explored aspect analyzed on the mental maps elaborated by the
participant students of the practice refers to lateral e vertical vision of the
elaborated representations.

Made clear the main concepts addressed by performed analysis with mental
maps and written texts of the students, it”s necessary to describe the prac-
tice carried out.

3. Practice performed in school

The practice was performed during four classes of Geography with three
classes of students on 6t year of Primary School on the State School Teach-
er Odécio Lucke, situated at Cordeiropolis, SP, Brazil, during the first week
of class on the month of February 2013, being obtained 78 mental maps and
written texts.

At first, it was request for the students to draw a mental map that repre-
sents the route traveled daily between home and the school in which they
study. The word “map” was used to verify what idea it means for the stu-
dents, indicating previous cartographic knowledge apprehended in Primary
School I (1st of 5 years).

Following that, after the students have finished constructing their mental
maps, it was asked for them to observe and, from the observance, to write a
little text indicating the represented route.

For the obtained results, a data collection was carried out considering three
analyzes with the representations constructed by the students. For the re-
sults obtained, they were considered three analyzes with the representa-
tions constructed by the students. Two analyzes of the drawings, one related
to type of vision adopted to represent the elements included in the drawing
(lateral or vertical) and the other taking into consideration the arrangement
of the represented elements, the orientation of the base of these elements
on the sheet of paper, and further, if the student represented only the
home-school route or if he also represented the surroundings of the route.

From other texts, it was yet performed an analysis on the presence or ab-
sence of indications of elementary topological relations. The articulation
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between these three analyzes can ground the adoption of teaching strategies
for Geography, taking as basis the use of cartography.

4. Kind of vision adopted to represent the mental
maps

Regarding the kind of vision adopted to represent the elements present on
mental maps elaborated by the students; these were sorted into three cate-
gories.

Into the first category, they were included the drawings whose representa-
tion presented the elements on a camp of lateral view (simple representa-
tions). From the total of drawing elaborated by the students during the
practice, 28 of them represented the elements seen in lateral perspective.

Into the second category, they were included the drawing that presented
both elements presented from a lateral view and elements presented from a
vertical perspective (intermediary representations). This category repre-
sents a group of students with intermediary comprehension, between spa-
tial representation by a lateral view and the representation via vertical per-
spective. From the total of drawings obtained to perform the practice, 18
were included into this category.

The drawings with elements represented from a lateral perspective were
included into a third category (elaborated representations). These drawings
presented a greater representation of the process of cartographic represen-
tation, being obtained a total of 32 representations.

The classification values from the perspective of the representations elabo-
rated by the students can be observed in the Figure 1 below.
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vertical vision
41%

Figure 1. Chart presenting the kind of vision adopted to represent the mental
maps.

From the results obtained by this classification, it is possible to observe
that, regarding the representation capacity according to field of view, most
of the students, 41% of total, elaborated their representations from a verti-
cal perspective, as 36% elaborated their representations from a lateral view,
and a third group of students (23%) represented the elements of the home-
school route from lateral and vertical field of view.

5. Representation and orientation of elements pre-
sent on mental map

Another classification carried out with the students” drawings concerns the
disposal and orientation of drawings and representation exclusively from
the home-school route, or the representation of surroundings of the route.
The drawings of the students were classified into three categories, from the
simplest representations to the most complex ones, being the analyzed pa-
rameters described in the Frame 1:
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Category Description

They were included into this category the
drawings that represented only the home-
school route, without its surroundings or
vicinity.

Simple representations

Into this category they were included the
drawings that presented not only the home-
Intermediary representations school route, but also its surroundings, and
though these elements were found discon-
nected or lacking any logical order.

Into this category they were included the
drawings that, beyond represent the sur-
Complex representations roundings of home-school route, they also
presented its elements aiming at a same
side, having connection or logical order.

Frame 1. Description of categories of representation and orientation of
elements present on mental map.

Figures 2, 3 and 4 show examples of mental maps categories.

This way, the drawing that presented few or no element topologically local-
ized, as well as drawing, where they were the only represented the school
and home, were considered as simple representations, from the total of
drawings obtained on the practical activity, 33 drawings were included into
this category.

The drawings that presented some elements topologically localized, but
with no order or connection, as representations of lateral view oriented in
different forms on the paper, were considered as an intermediary group of
representations. From the total of mental maps analyzed on the practice, 28
representations were grouped into this category.

The representations that presented elements topologically oriented on the
sheet of paper, such as vertical view, the representation not only of the trav-
eled route between home and school, but also of the surroundings, were
classified into a distinct group, namely complex representation. From the
total of drawings obtained during the execution of this practice, 17 were
grouped into this category.

To visualize better these results, the Figure 5 presents the percentage of
analyzed drawings.
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Figure 2. Simple representation example.
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Figure 3. Intermediary representation example.
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Figure 4. Complex representation example.
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complex
22%

Figure 5. Chart presenting the representation and orientation of elements
present on mental map results.

These results show that most of the students that participated in the prac-
tice were sorted into the group of simple representations, followed by the
intermediary representations and complex representations. Beyond the
analysis of the drawings, they were also analyzed the texts elaborated from
observation of the mental maps.

6. Analyzes of texts

Regarding the texts elaborated to describe the elaborated representation
they were analyzed and classified into three distinct groups of texts.

For the first group of texts, they were considered the most simplified de-
scriptions of the drawings, detaching that such descriptions do not present
any topological relation of laterality, as, for example, the indication to go
right or left, or the distances or time taken by the route. From the total of
the analyzed texts, they were observed 27 belonging to this group.

For the second group, they were used as criterion for grouping sometimes
the presence of indicators of elementary topological relations, as right and
left, or distance and number of quarters traveled, sometimes this kind of
information was not presented, showing an intermediary level in written
representation of the created drawing. 14 texts from the total analyzed were
classified into this group.
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The third group of texts presented, in elaborated drawing”s description,
elementary topological relations, as right and left, the indication of distance
or time taken on the route, showing that the student has a good written ex-
pression and comprehension of the drawn route. From the total of analyzed
drawings from the execution of the practice, 37 were classified into this
group.

Below, it“s presented a little board with a sample of text obtained from each
group presented by the students who participated in the practice:

Group Sample of text presented
They do not present in the text the | “I go ahead, turn a block, go straight,
elementary topological relations turn the second block, turn the first

block, turn the halfway and arrive”
Sometimes they present, sometimes | “I go out of my house, turn, go straight,
they do not present elementary topo- | then turn left, go ahead and arrive to the

logical relations school”
They present the elementary topo- | “I turn left, go ahead, turn right, walk 4
logical relations blocks down, go straight, walk 2 blocks

up, turn right and arrive to the school”

Frame 1. Sample of text obtained in the practice school.

Figure 6 presents the values in percentage of the different groups of texts
elaborated based on the home-school route drawn by the students.

with topological

relations
A7%
Sometimes
with,

sometimes
without

topological
relations

Figure 6. Chart presenting the analyses of texts.

69



The percentage obtained by the analysis of the texts elaborated by the stu-
dents with the description of the traveled home-school route of each one
showed that 47% of the texts presented elementary topological relations of
laterality in its description, that 35% of the texts analyzed did not present
any elementary topological relation in its description, and yet 18% some-
times presented topological relations, sometimes not, indicating that these
learners are undergoing an intermediary stage of comprehension of these
relations.

These values highlights that, when they express by a text, most of the stu-
dents indicate in written form the elementary topological relations, fol-
lowed by students who presented no topological relation in its description
and, lastly, the students that sometimes presented, sometimes not, topolog-
ical relations in their descriptive text.

7. Final Considerations

From the results obtained by the analysis of the mental maps and texts
elaborated by the students during the practice, it is possible to make the
following observations.

The results” organization, in three different degrees of analysis of the texts
and drawings, from the simplest to the most complex, in a line chart, shows
the following panorama in Figure 7:

40

392 | @ Analysis of the kind of view
used to represent the drawing

B Analysis of the disposal and
orientation of the elements
represented on the drawings

17 I

O Analysis of the presence of
elementary topological
elements in the text.

simple intermediary complex

Figure 7. Chart presenting the final results of practice.
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The observation of this chart shows that, for the three analyzes performed,
there was a minor group for the students presented an intermediary per-
formance on the spatial expression requested, whether in form of a mental
map or text.

The analysis of the kind of vision presented for the drawings elaborated by
the students shows most of them understand and can express by a mental
map the idea a map is a spatial representation viewed from the top, and
that it represents a certain portion of the space from a perspective different
than the one we have when we look at a scenery on the ground.

Though many students have used in their drawing both elements with lat-
eral and vertical vision, often depending on the element this student in-
tends to represent, there is confusion in representation.

We can also verify that there is a confluence between the results obtained in
the analysis of presence or absence of elementary topological representa-
tions in the texts elaborated and in the analysis of the kind of vision used to
represent the mental maps, showing that in both of them most of the stu-
dents presented a good performance, followed by the students that were
classified as having simple representations and, lastly, by the intermediary
students. This result indicates that the students who can represent the route
sought from a vertical view, when they describe the route traveled, they
indicate more clearly the elementary topological relations of laterality (as
“to the right” or “to the left”) of the elements observed in the text and on the
map; as the students who cannot represent the vertical vision also cannot
indicate the elementary topological relations in the text elaborated.

Regarding the analysis of the disposal and the order of orientation of the
elements present on the mental maps, we can note, from the chart above,
that the results mistune from the other analyzes.

Most of the students that attended the practice represented the elements
oriented in varied positions on the paper and non-oriented to a same side,
or else they represented only the route traveled, with no surrounding ele-
ment, followed by representations were either oriented to a same side or
presented elements surrounding the route and, lastly, the drawings pre-
sented both the elements oriented to a same side, and elements but the pre-
sent on the traveled route.

From these results, they are adopted some strategies to develop a better
spatial expression in the students regarding the drawing and the writing.

To develop better the representation and to treat the question of lateral and
vertical vision on the students, they were executed activities of construction
of a tridimensional model — a house made of paper — and it will be request-
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ed for the student to represent it from different perspectives (front, back
and upon), then, gathering the models of the students onto a mockup, they
will work the localization of the model in the whole, detaching and exercis-
ing the indication of its elementary topological relations.

Along the development of these activities, it will be requested for the stu-
dents to elaborate constantly descriptive texts on the worked activities, for
they can express especially the space realized in different forms.

Yet, it was expected the planning of these activities resulted positively to the
teaching-learning process regarding the initial teaching of cartography as
geographic language.
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“Flying over Jurujuba”
Scenarios and images of Jurujuba, Niteroéi, Bra-
zil

Marli Cigagna Wiefels

Institute of Geosciences, Federal Fluminense University (UFF)

Abstract. The heron, the paraglider and the gas balloon are three symbolic
elements frequently seen in the skies of the Jurujuba district, in the city of
Niteroi, Brazil. They stimulate the knowledge and the record of places of
reference and of emotions for its inhabitants. The proposal of the present
work is to study the landscape of the Jurujuba district by mean of drawn
images from an oblique perspective. These images are totally different from
the horizontal perspectives daily perceived by the inhabitants. In the
oblique ones we shall observe strategic points of reference which will facili-
tate our move, the same way as the heron, the paraglider and the gas bal-
loon, in a harmonious and different overflight of the district. Jurujuba has
deserved a special attention because it is a traditional fishermen district,
well differentiated while inserted in the urban perimeter of Niteroi. In order
to preserve its characteristics, the community needs to be oriented to avoid
the loss of its identity due to the accelerated urban evolution of the munici-
pality and to the present lack of perspectives of its artisanal fisheries and
aquaculture activities, when the youngest generation does not see any fu-
ture in them. In Jurujuba there is a clear need of restoring its history and of
valuing its characteristics and the feeling of membership of its inhabitants.
With this booklet, the authors expect that the children and teenagers, in-
habitants of the district, will be encouraged to work with their schools and
with their community in the registry of this history.

Keywords: Images, Jurujuba, history, community, Social Cartography,
local identity.

1. Jurujuba: a fishermen district

“The geographical space is the atmos-
phere: it is a subtle and diffuse ele-
ment in which all aspects of the Earth
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are immersed. Invisible but always
present. Permanent and however
changing. Imperceptible but taken by
the wind out of its insignificance The
light, crude or filtered, reaches us
through the airspace, modifying the
appearance of the land according to
the time of the day and according to
the season. The morning vapors slow-
ly stay on the rivers and the prairies”.
(Dardel 2001. P.23).

Located at the south-west limit of the city of Niterdi, Jurujuba is a tradi-
tional fishermen district. Strong in the 1960’s, fisheries activities have suf-
fered a continuous decline during the last decades. This was due to the
strong decrease of the sardines catches in the Rio de Janeiro region which
led to the closing of three canneries located in the district where hundreds
of women (most of them wives of fishermen) used to work. Fishing boats
aged during all this time without a sufficient fleet renewal. Also the fisher-
men went old and retired, without a sufficient renewal by the younger gen-
eration.

The positive aspect of closing the canneries was that it ended their pollution
of the sea and the strong smell of fish meal which stank the air. Slowly a
new activity was developed in the area: the farming of mussels, just in front
of farmers’ homes.

Finally, in the recent years, the sardine schools are back in the region of Rio
de Janeiro, giving new hopes to fishermen. There is future for fisheries and
fish farming in Jurujuba. Knowing well the district and its history helps the
new generation to build this future.

For a better understanding of the district, giving value to its activities and to
its people, the project developed the iconographic perception of its children.
It encouraged them to know and to discover different points of view and
different places and points of reference, through the story depicted and
told. This led them to a re-reading of the story and to the creation of other
stories, utilizing other referential places of the district.

The aerial view with oblique perspectives introduced in the children the
knowledge of the land space seen from the air or from higher places such as
the Pico fortress or the paragliding platform on the Viracao hill.

The visual and projective perspectives allow the establishment of relation-
ship among objects and the orientation relationship between the objects
and their location on the maps. These concepts were developed during the
apprenticeship of recognition and observation of the objects.
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Using icons or known elements such as the paraglider, the heron or the gas
balloon, it was possible to present to the children and students the history
of the neighbourhood in an entertaining way, through an aerial view with
drawings from several points of reference.

With pictures and with the preparation of puzzles it was possible to identify
the places depicted and to locate them on the map of Jurujuba.

Meu bairro My Neighbourhood
Cercado pela montanha e pelo mar Surrounded by the mountain and by the
Fica o bairro de Jurujuba sea
Que desperta amor Is the District of Jurujuba
Em todo morador Which awakens the love

of all its inhabitants
Aqui tem muitas praias

Todas muito belas Here you have many beaches
Com destaque as de Eva e Adao All very beautiful
Que estdo sempre em nosso coragao With a special reference to Eva e Adao

Which are always in our hearts
Jurujuba fica em um pedacinho

Da cidade de Niteroi Jurujuba stands in a small corner
E desperta nosso orgulho Of the city of Niteroi
Pois é nosso porto seguro And it awakens our pride

As it is our secure harbour

Jorge Luiz Jorge Luiz
turma 704 class 704
Colégio Estadual Fernando Magalhaes State College Fernando Magalhdes

Figure 1. Poem of a high school student (in Portuguese and its translation into
English).

Social cartography will be introduced with the location of places still not
presented in the drawings. At this moment a new phase of the project is
under development, but it is not described in the present document. Local
place names also appear with much relevance on a map built by students
from more advanced classes. With the aid of history and geography teach-
ers of the State College Fernando Magalhaes, they began a field and biblio-
graphic research in order to define the histories of the sub-districts of Juru-
juba in an oblique aerial view.
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2. Drawing the map

It was through a field work done with the students of the 15t year of high
school of the State College Fernando Magalhaes that the research began.
The students had a Google Earth image of their neighbourhood and a cut of
a topographic map with a scale 1:50.000. They went out with their Geogra-
phy teacher and also with some university students of the Universidade
Federal Fluminense.

Figure 2. Fieldwork

Figure 3. Image of Google Earth. Figure 4. Nautical map of Jurujuba.
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Figure 5. Sub-division of the district through participative communitarian cartog-
raphy.

The main objective of this field work was to study local environmental ques-
tions, the location and the physical aspects of the district in which the
school is located. The students were predominantly inhabitants of the
neighbourhood and they began spontaneously to sub-divide the district
according to their communities. This led to a work of social, participative
and communitarian cartography.

The students were not only observers of the landscape but they also initiat-
ed a moment of reflection and of thought about the relationship between
the components of the landscape and in the relationship of persons and
places, in a perfect and harmonic symbiosis of relationship with the feeling
of belonging. It was when the “district set” began to be seen as the neigh-
bourhoods inside the district, their inhabitants, their location (hill, coast-
line, coastal plain), their activities, the access roads and the modalities of
transport.
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Figures 6 and 7. Discovering Jurujuba on the map and on the model.

3. Drawing the landscape seen from the sky

The essence of the work is a series of small drawings where the author reg-
isters the landscape of the district. These drawings were based on pictures
taken from different angles and perspectives, giving always emphasis to
images seen from above as an aerial photography.

Children normally see the landscape from an horizontal perspective, the
images were worked in order to give them a point of view from above, as a
flight of a heron or of a paraglider or a gas balloon, which are common ele-
ments in the skies of Jurujuba. Therefore these elements were considered
the icons of the work.

Landscape is a space where people interact daily, a heterogeneous set of
forms with multiple relationships between men and environment and
among men.

The urban nucleus of Jurujuba is privileged for having this diversity of
forms and relationships. We have the coastline forms, the relief forms (alti-
tude of 203 meters), the shapes of the houses, the relationship of the inhab-
itants with the sea through fisheries activities and their relationship with
nature. All these points were highlighted in the work and they enabled the
creation of other drawings and of other stories. The work is therefore con-
tinuing.

According to (Santos, 1999), “Space is essential for the conditions that it
offers to the production, to the movement, to the residence, for the com-
munication, for the exercise of politics, for the exercise of beliefs, for leisure
and as a condition of "living well"”.
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The images are places of reference in Jurujuba and a child story was pre-
pared in a booklet folded as an “origami”, having on its back a map done by
the high school students in former activities.

These images are important elements, leading to other activities to be de-
veloped with pupils of the primary school of the district, with the listing of
other places of reference which are theirs. This type of activity was already
begun with an itinerant exposition in schools, called “scenarios of Juru-
juba”, where the students identify other places of reference in the neigh-
bourhood, explored by educational practices.

Another phase of the methodology was the work with puzzle images with
big pictures of the district, 210 mm large and 297 mm long, cut in 9 pieces
of same size, like postcards, in order to interpret them, to join them and to
reconstruct the complete image.

\
w

Figures 8 and 9. Working with puzzle pictures.

The social cartography is developed in different parts of the activity, not
only among the youngest pupils of the first years of the fundamental school
but also among those of high school, giving them the opportunity to draw
maps that really depict the identity of the neighbourhood, their sense of
belonging and their pride. This work is also realized with adults with inter-
views in the community.

In a sense, this work is inspired by Humbolt. Actually, Humbolt brought a
kind of art and of romantic aesthetics in his scientific work of describing
Nature, while remaining objective. “Humbolt dominates the aridity of sci-
entific descriptions to give a living impression of nature. It is not only sen-
sorial and not only intellectual but a ‘total impression’, a wide pleasure,
quiet and deep, which gives to the reader something similar to a pure vision
of scenes and the communication of very high intuitions” (Ricotta, 2003).
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4. The landscape seen by the heron, the paraglider
and the gas balloon

When we talk about landscape, we have in mind what our eyes see and reg-
ister. Our actors, the heron, the paraglider and the gas balloon are part of
this landscape, but their point of view is different, as they perceive the land-
scape from a vertical and oblique perspective, with a panoramic outlook
from a higher level than those which are more familiar to the inhabitants.
They see the neighbourhood from a higher plan than a window from a
house at the top of the hill, similar to the vertical vision commonly found in
maps, aerial photos or satellite images.

The paraglider has his own track with a precise course, always based on the
points of reference of the region. The heron knows well this place and it
flies and glides while resting, but its perception of the landscape is to know
the safe places, to search for food and for a place to shelter. The gas balloon
flies according to the wind with no special fate and end up, who knows, in
the sea very far from there.

These three elements are the main actors of the story that lead the reader to
explore and to know better the district of Jurujuba. It intends to encourage
children and students to re-cognize their neighbourhood through the read-
ing of the landscape of their place. They also make them rewrite the story
with other perceptions and details of this particular and enchanting com-
munity.

Figures 10 and 11. The oblique views of Jurujuba.

The landscape can be represented by different manners There are many
ways to represent it. It is a mean to show us the way an observer has ob-
served an object. We can be ourselves directly observers of a landscape or
be observers of a representation of this landscape.
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The objectives of working landscape with the local students were:

¢ to understand which are the landscape concepts of the students;
to discuss different points of view and representations;
to work out the different possibilities of observation and of representa-

tion of a landscape;

e to discuss about what is a beautiful landscape and what is a degraded

landscape.

Basically, the contents of this work were about the concept of landscape, the
concept of representation and the degradation of the landscape.

5. The drawing of the images

The drawings were done based on landscape as portrayed by Mateus An-
drade Rodrigues (Lucas Honorato, Geography student from UFF, provided
the layout of the booklet), student of the 2nd year of the State School Dr.
Adino Xavier, who was very skilful to transform images with horizontal
views into images with oblique views in order to provide a better interpreta-
tion of the places of reference of the district while giving to the reader the
feeling of being flying over the region and having a panoramic view.

-
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Figure 12. Jurujuba, drawn by Mateus Andrade Rodrigues.
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The images of Google Earth were also used to spot the spatial location of the
district, to interpret the image through specific criteria, to trace the courses
and to establish the sequence of the story.

The Google Earth tool was also used to vision details of the image from a
horizontal standpoint registering the landscape from the street. All this was
associated to the patience and to the commitment of the amateur draftsman
in performing the drawing, in order to allow other students, children and
pupils, to see, to understand and to enjoy each part of the neighbourhood as
if they were paragliders, herons or gas balloons.

After having traced the images of the most important and relevant places of
the district, visible from a paraglider a heron or a gas balloon, a legend was
created for each image telling a story as presented in figure 13.

6. Conclusion

The work done in Jurujuba is oriented toward the revitalization of the dis-
trict and its whole community through auto-knowledge and auto-esteem. It
is based on cartographic aspects developed jointly with the community,
mainly with its children and teenagers from local schools. These carto-
graphic aspects are eminently innovative as they take advantage of the local
characteristics as well as the way these characteristics are perceived by the
inhabitants themselves

The work is also fully in accordance with the concept of the “Brazilian Cul-
tural Landscape” which has its roots in the Brazilian Constitution from
1988 itself. According to the Constitution, the cultural heritage is constitut-
ed by material and immaterial goods, taken individually or jointly, making
reference to the identity, the action, the memory of the different groups
which constitute the Brazilian society, in which we find scientific, artistic
and technological creativity, ways of expression, ways to create, to do and to
live, as well as works, objects, documents, edifications and other spaces
dedicated to artistic and cultural manifestations. It also includes the urban
sets and places with historical, landscape, artistic, archeological, paleonto-
logical, ecologic and scientific value.

Of course, a similar work can be realized in any other place, as for instance
in fishermen communities along the Brazilian coastline or along Rivers as
the Sao Francisco river in the Northeast of the country or the Ribeira valley,
which group several towns along the Ribeira do Iguape river, on Sao Paulo
coastline.
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Similar experiences can also be replicated anywhere in the world, together
with communities that identify themselves with the environment in which
they live.

Cover Page -1 — FLYING OVER JURUJUBA

City Park, jumping with paraglider, we can observe Charitas beach and, further,
the district of Jurujuba.

2 — Look at the Pico Fort and at the Sao Luis Fort! They are really high! Many
years ago, they were used to defend the entry of the Guanabara bay. Today,
we can visit them and learn about our history. The Varzea beach and the Salin-
as community are very close to the forts.

3 — Look! The Preventério Hilll How nice it is! How many houses... Many per-
sons must leave there. It should be good to live at the top of the hill as you have
a very good view of most of the city of Niterdi.

4 — And what about those points on the water? These are the mussels farms
where shellfish farmers grow the mussels we eat.

5 — What a big fish! This is the Quai beach. It is where the fishermen arrive with
their boats fully loaded with fish. Every 29" June is the Sankt Peter day and the
fishing boats depart from this quay for a maritime procession. Guess why it is
called the Quay beach!

6 — This is the Church Sankt Peter of Jurujuba. It was a former wooden chapel
rebuilt in 1947 with stones, lime and whale oil.

7 — Wow! The Santa Cruz Fortress! With its thick walls and plenty of old can-
ons, always caring the entry of the Guanabara bay. At its side we have the Ma-
caco hill and, further, the beaches of Sdo Francisco and Charitas.

How beautiful is our neighbourhood!

Figure 13. Development of the story.
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Navigating With Tactile Maps
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Abstract. This paper reports results of a study, which investigated the
tasks, strategies, and abilities associated with navigational map use of trav-
elers who are blind or low vision. Recognizing that navigation is a complex
task (Lobben 2004 & 2007, Wobers & Hegarty 2010), the overall goal was
to understand how performance on potential sub-tasks of navigation affects
navigation success. Because prior research has shown that travelers who are
blind or low vision are able to learn a route or the travel environment more
successfully when using a map, we chose to keep the map as part of the re-
search question and experimental design. We hypothesized that a person
who combines and updates their mental map created from in-lab pre-field
map recreation exercise with the mental map created from physically inter-
acting with their environment may be a more effective navigator.

Keywords: Tactile Maps, Navigation, Map Use

1. Introduction

Travel is an essential human activity. Travel activities differ, though, and
these differences are based on more than discrete trip objectives. Consider
the mode of transportation, human sensory input channels, and the type of
travel aid (i.e. GPS, in-car navigation system, maps, wandering) as only
three noteworthy differences. In this research we focus specifically on navi-
gational map use, as maps often play an integral role in navigation. While
this activity is one in which nearly everyone engages, abilities, tasks, and
strategies associated with map navigation differ between people (Lobben
2004) and between populations.

Navigation maps serve as important aids to a person who needs to travel
through a real-world environment. Such maps are vital because nearly
everyone needs to travel to some extent and “the most significant handicap
produced by visual impairment is the limits imposed on the ability to travel
independently” (Golledge 1986). For those who live “without the gift of visi-
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on, mobility has to be gained through training, patience, courage, and hard-
earned personal experience [but] the visually impaired person who wants to
live an active life...has no choice” (Passini & Proulx 1988). Travelers who
are blind or low vision who navigate through the environment, face experi-
ences that travelers who are sighted do not. For example, forming a cogniti-
ve map of an area is significantly more time consuming for map users who
are blind or low vision than for map users who are sighted (Spencer et al.
1992, Ungar et al. 1996 & 1997). The tactile map may provide an essential
layout or reference point to which map users may register landmarks
(which are recognized through kinesthetic, auditory, tactile, or olfactory
cues) encountered during environmental exploration. Researchers have
discovered that the task of traveling through and learning an environment
may be completed much more efficiently and easily if the traveler who is
blind or low vision has the aid of a map before and during the task (Golle-
dge 1986. Passini & Proulx 1988, Spencer et al. 1992, Ungar et al. 1996 &
1997, Espinosa & Ochaita 1998, Blades et al. 2000).

While tactile maps are an integral part of the process, the activity of naviga-
tional map use involves many tasks, not all of which seem directly map-
related (Lobben 2004). Another important part of the process entails a per-
son’s ability to interact with the environment. When travelers who are blind
or low vision traverse a planned route, they may use two maps, the tangible
and the mental. The mental map is one that they develop, update, remem-
ber, and use (i.e. recall information) during the navigation process. In stu-
dies that focus on wayfinding without a map, researchers have discovered
that the extent to which a person can create an effective and operational
mental map will influence their route learning and wayfinding success
(Klatzky et al. 1990, Loomis et al. 1993, Blades et al. 2002).

2. Methods

Both in-laboratory and in-field delivered instruments were used and all
testing was conducted individually with participants who are blind or low
vision. This investigation focused on one primary research question: What
is the relationship between specific navigational map use sub-tasks and
overall navigation success by travelers who are blind or low vision?

Following the approach of Jacobson et al. (1998), a mix of in-laboratory and
in-field delivered tasks were employed. Testing took place in both a rese-
arch lab as well as in the local environment. Each participant was tested
individually. A single testing session lasted approximately three hours. The
test session began with in-lab testing during which the participant comple-
ted three spatial abilities and map use tasks (discussed below and summa-
rized in Table 1). Following completion of those tasks, the participant com-
pleted a series of in-field navigational tactile map tasks. Finally, the partici-
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pant completed sense of direction and confidence surveys as well as a final
in-lab task. Informed consent was obtained from each participant following
protocol approved by the campus institutional review board.

2.1. Experiment Tasks

Tasks One, Two and Three were completed as a series in a laboratory prior
to field testing. Tasks One and Two were both rotation tasks. Task One, a
traditional geometric rotation test (Figure 1), was modeled from the Kit of
Factor-Referenced Tests, while Task Two, a map rotation test (Figure 2),
was adapted from a similar study with participants who were sighted (Lob-
ben 2007). Two rotation tasks were included for two reasons. First, the tra-
ditional geometric test (and similar versions) has been used in map use-
related studies in the past (Nadolne & Stringer 2001, Bell & Saucier 2004,
Zhou & Zhang 2007, Melsom 2009), but not in studies involving partici-
pants who are blind or low vision. We were interested in determining whe-
ther general geometric rotation plays a role in navigation success for this
participant group. Second, previous research showed that in-lab map rota-
tion tests do not predict navigation success, but do predict the extent to
which a participant rotates their map during the process of navigating
(Lobben 2007). We wanted to determine whether the same relationship is
evident with participants who are blind or low vision.

-

I
I
I
I
I
I
I
I
I
I
Figure 1. Example of Geometric Rotation Task
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Figure 2. Example of Map Rotation Task

Task Three was a survey map recreation instrument patterned after the task
used by Ochaita and Huertas (1993) and Jacobson et al. (1998). It was de-
signed to measure participants’ survey memory. For the current research,
the participant was given a map legend and asked to study it until familiar
with the map symbols. Following the legend study, the participant was
presented with a gridded street map, about four blocks by about five blocks
in extent, printed on an 11”x17” piece of microcapsule paper (Figure 3).
Each participant was given five minutes to study the map. Following the
study period, the participant was given another five minutes to re-create the
map using magnetized symbols exactly like the symbols encountered on the
map. Study and re-creation timing was determined through pilot testing.

Task Four and Task Five were completed during field testing, following the
first three in-laboratory tasks. After completing all of the laboratory tasks,
the participant was taken outside and guided to the area represented by the
tactile map they studied in the laboratory. Similar to a study conducted by
Zimmerman (1990) in which participants were let to a location in the en-
vironment, oriented, and asked to navigate to a given landmark, Task Four
required the participant to plan and follow four routes (shown in Figure 4).
Tactile stars represent start and end locations for a single route; the partici-
pant was asked to navigate between stars, passing a specific landmark on
each route (i.e. a large parking lot or an overpass). This landmark was used
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Figure 3. Map Used in Task 3, Map Recreation

to ensure that each participant followed the same route. The participant
was then given time to determine the route, including the action points
(turning points, for example). All map consultation was timed, including
initial route planning. At prescribed locations during route-rollowing, the
participant completed a field task during each of the four routes. Task Five
was a self-location estimate. Following a method used by previous research
(Lobben 2007), for this task, the participant was stopped along the routes,

89



given the tactile map, and asked to identify the current location on the map

and egocentric orientation in the environment.
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Figure 4. Map Used in Field Exercise, Routes Highlighted

Task Six, Task Seven, and Task Eight were completed in the laboratory
following the completion of the in-field tasks above. Task Six asked the par-
ticipant to again re-create the map using the same protocol as with Task
Three. The final two tasks were both surveys. Task Seven (Table 1) was an
eighteen-question Sense of Direction survey — SOD. This Sense of Direction
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Survey was adapted from previous research by Hegarty et al. (2002) who
created the self-report measure for participants who are sighted.

| am very good at giving directons 1 2 3 4 5 6 7
It is important to find new routes in the environment
| am confident in my ability touse maps 1 2 3
| am very good at judging distances 1 2 3 4
My sense of directionisverypoor 1 2 3 4 5 6 7

| think of my environment in cardinal directions 1 2 3 4 5 6 7

| am not very good at judgingtime 1 2 3 4 5 6 7

| have trouble understanding directions 1 2 3 4 5 6 7
Idonotenjoyusingmaps 1 2 3 4 5 6 7

| often take shortcuts 1 2 3 4 5 6 7

I do not confuse leftand rightmuch 1 2 3 4 5 6 7

| am very good atreadingmaps 1 2 3 4 5 6 7

| remember details when travelinginanewarea 1 2 3 4 5 6 7

1 2 3 45 6 7
4 5 6 7
5 6 7

| do not enjoy giving directions 1 2 3 4 5 6 7

| usually remember a route after travelingitonlyonce 1 2 3 4 5 6 7
| do not worry much about gettinglost 1 2 3 4 5 6 7

I do not have a good mental map of my environment 1 2 3 4 5 6 7
| have a lot of experienceusingmaps 1 2 3 4 5 6 7

Table 1. Sense of Direction scale

Each participant also completed a confidence survey, Task Eight (Table 2).
This survey was also adapted from an existing instrument created and used
by Blades et al. (2002). The original Blades et al. (2002) version included a
5-scale Likert structure. For consistency with the Sense of Direction survey,
the original 5-scale format was changed to a 7-scale format.

Rate your confidence in traveling in different contexts:

athome 1 2 3 5 6 7

local streets 1 2 4 5 6 7

busyroads 1 2 3 4 5 6 7

crossing attrafficsignals 1 2 3 4 5 6 7

crossing withoutsignals 1 2 3 4 5 6 7

new environments 1 2 3 4 5 6 7

when making detours around hazards 1 2 3 4 5 6 7
when exploring away from knownroute 1 2 3 4 5 6 7

4
3

Table 2. Confidence Survey

2.2. Participant Demographics

Seventeen participants who are blind or low vision were recruited from the
local school for the blind, the university, and from the community, yielding

91



sixteen usable results. Participant demographics, based on self-report, in-
cluded five males and eleven females, ranging in age from thirteen to sixty;
fourteen were blind and two were low vision; eleven were dog-guide and
five were white cane users.

2.3. Analysis

Participant performance was calculated in one of two ways depending on
the specific task. Tasks One, Two, Four, and Five were scored based on par-
ticipant response time while Tasks Three, Seven, and Eight were scored
based on participant answer choice. Task Four served as the dependent
variable in the analysis. This variable represented overall navigation per-
formance as determined by the total time spent consulting the map, an ap-
proach used and validated in past research (Marston et al., 2006; Lobben,
2007). All other Tasks described above functioned as independent variab-
les.

Analyses included Akaike Information Criterion — AIC, Akaike Information
Criterion correction — AICc, multiple regression, and post-hoc correction
for low N. AIC (Akaike information criterion) is not used for hypothesis
testing, but rather provides a goodness-of-fit of possible models using all of
the variables included in the AIC calculation (in this case, the dependent
and all independent variables). Final model choice is usually based on the
model represented by the lowest AIC (as was done in this case). A stepAIC
was run in R. Following the AIC analysis, AICc was calculated. The AICc is
used as a correction for analyses run with a relatively low N and is calcula-
ted based on original AIC, n, and k (number of parameters). The final stage
of the analysis applied the Pratt equation to calculate a corrected squared-
multiple R. This post-hoc calculation is made to correct potential bias due
to the relatively low number of individual observations (Yin & Fan 2001).

3. Results

The results from the stepAIC revealed that the optimal model with the lo-
west AIC included four independent variables: Task One (geometric rotati-
on), Task Five (self-location), Task Six (post-field map recreation), Task
Seven (Sense of Direction scale). Following, the AICc analysis identified the
same independent variables, though their values differed slightly from the
original AIC variables. Using these results, a multiple regression was run
using the four independent variables from the AIC/AICc results. Because
this model (Table 3) was run using the AIC-selected variables, the result is
an overall significant model, individually significant independent variables,
and a strong main effect.
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Model Summary

R Squ- | Adjusted R | Std. Error of

Model R are Square the Estimate

1 .990° .979 972 4.116

a. Predictors: (Constant), selfloc_tota, sod_total,

a_total, geom_total

ANOVA
Sum of Mean Squa-

Model Squares df re F Sig.

1 Regression 8900.598 4 2225.149| 131.355 .000%
Residual 186.340 11 16.940
Total 9086.937 15

a. Predictors: (Constant), selfloc_tota, sod_total, a_total, geom_total

b. Dependent Variable: time_total

Coefficients
Unstandardized Co- | Standardized
efficients Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) 316.315 28.813 10.978 .000
a_total -.626 136 -.294| -4.587 .001
geom_total .165 .044 404 3.794 .003
sod_total -3.450 .336 -1.181| -10.269 .000
selfloc_tota 1.889 173 591 10.917 .000

a. Dependent Variable: time_total

Table 3. Multiple Regression Output
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4. Discussion

The primary research question queried the relationship between specific
navigational map use sub-tasks and overall navigation success by travelers
who are blind or low vision. The analysis associated with this question in-
volved the establishment and use of overall navigation success as the de-
pendent variable and sub-tasks as independent variables. The final regres-
sion model, which was developed through a multistep process including
AIC, AICc, regression, and R2 correction, revealed only four subtasks as
predictors for navigation success. So, while all of the in-laboratory and in-
field delivered tasks may be related in some way to navigational map use,
not all of these relationships are significant for navigation success.

The significance of the four variables is not entirely surprising. After all, as
mentioned above, these variables were included in the testing and analysis
because three of them were shown in previous research to be associated
with environmental mapping and navigation success. First, Task Five, a
self-location task, requires the participant to interact with the map and the
environment, together, more than any other task used in this research. Pre-
vious research by Lobben (2007) also included self-location task in the test
battery. The self-location task was administered in the same way for both
the current and previous research. In both studies the self-location task was
a strong predictor of overall navigation performance. The current research
demonstrated that self-location was a significant variable in the multiple
regression model. This task captures a person’s ability to relate the map to
where they are in the environment and identify the direction they are fa-
cing, which requires a person to relate both themselves and the map to the
environment, making self-location an ego- as well as allocentric task. A tra-
veler who can demonstrate this ability effectively and efficiently may be
aware of their map/environment position continuously during the navigati-
on activity as well as maintain a sense of direction. Both of these abilities
contribute to successful navigational map use.

Second, Task Six, post-field map recreation, represents a person’s acquired
survey knowledge of the environment (i.e. top-down configurational en-
vironmental knowledge), from both the map as well as from active physical
travel. Each participant completed this task twice, before and after naviga-
ting with the map, but only the post-field variable was significant in the
regression model. The meaningfulness of this variable is not surprising eit-
her. A post-field recreation reveals the extent to which each participant en-
coded the actual environment while engaging in the navigational map use
task. In other words, Task Six may reveal the extent to which a person at-
tended to the details of the environment, rather than simply attending to
the geometry of the space (i.e. counting intersections as a strategy for orien-
tation for example).
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Third, Task Seven, the Sense of Direction scale, reveals how well a person
feels they can perform a navigation or environmental spatial ability task.
Our results indicate that this self-report survey provides a significant and
meaningful predictor of overall navigation performance. While our adapted
version of the original Sense of Direction survey was used with a different
population, blind or low vision travelers, the self-reporting mechanism may
function similarly to the original developed by Hegarty et al. (2002). In the
original format, Hegarty et al. (2002), suggest that the success of the survey
may be due to the fact that people truthfully and accurately self-report their
environmental spatial abilities. Since wayfinding and navigation are fun-
damental activities that most everyone engages in everyday, people are li-
kely keenly aware of how well (or how poorly) they perform these complex
environmental tasks. Hegarty et al. (2002) demonstrated that the survey
provides a prediction of environmental spatial abilities. While the original
Sense of Direction survey was designed for and deployed with travelers who
are sighted (Hegarty et al. 2002), and ours was adapted and deployed with
travelers who are blind or low vision, enough similarity between the two
instruments remains to consider them equivalent. The augmented survey
designed and administered in this research was regressed against overall
navigation performance. Results reveal a significant relationship with
reasonably strong overall main effects in the model. Again, while slightly
different from the Hegarty et al. (2002) self-report survey and while admi-
nistered to different populations, the general outcomes from the respective
field studies are similar.

Fourth, Task One, is a general geometric rotation task. Mental rotation has
received considerable attention in spatial research. Interestingly though,
previously reported research (with participants who were sighted) revealed
no significant relationship between rotation and navigation, but did find
significant relationship between an in-lab rotation task and physical map
rotation during navigation (Lobben 2007). Our results show no significant
relationship between in-lab map rotation and in-field physical map rotati-
on. In fact, none of the participants in this study rotated their maps during
the field navigation exercise.

5. Conclusion

These results demonstrate what past and present researchers continue to
observe — not all seemingly ‘map-related’ tasks are significantly related to
actual in-field map-use activities. As an issue of ecological validity, it may
be patently incorrect to assume that a lab-delivered task, just because it
seems to be map- and/or navigation-related, is necessarily a meaningful
task that people use during real-world navigational map use. Many tasks
were administered in the current research and only four of these
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tasks/variables were shown to be significantly related to actual in-field re-
corded performance of navigational map use. But, even though nearly
everyone engages in the act of navigation, making it a familiar activity, re-
searchers cannot simply relegate the validation of their research instru-
ments to sensibility and rationalization (Cronbach 1957). Field validation
may be essential for making claims of prediction.

Also, these results support the assertion made by Jacobson et al. (1998) that
a mix of in-laboratory and in-field delivered tasks may be an experimentally
valid approach in this sort of research, where ecological validity is pa-
ramount. The significant variables included in the post-AICc developed
regression model include both lab-delivered (map rotation, sense of direc-
tion survey, and map reconstruction) and field-delivered (self-location)
instruments.

Of the battery of tasks administered, significant predictors of navigation
success include: map reconstruction, self-location, sense of direction, and
mental geometric rotation. From a theoretical standpoint, the relationship
between these sub-tasks and navigational map use performance allows us
to understand some of the underpinnings of the very dynamic task of en-
vironmental navigation. We can begin to see that while many tasks may
seem to be related to tactile map navigation, not all really are — or at least
are not statistically significant. Three of the tasks that were shown to be
significant contributors to navigation performance included: map
reconstruction, self-location, geometric rotation requires a person to be
able to fluidly transform a perspective and make judgments about position-
ing of the object. While these three tasks may seem to be dissimilar, when
considered collectively, we can see some common grounds — perspective
taking and representational space. Whether directly map related (as with
the map reconstruction and self location tasks) or non-map related, the
ability to dynamically transform space and perspective, regardless of the
type of object, seems to play a significant role in tactile map navigation per-
formance.
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Abstract. Cartographic representations constitute an indispensable con-
tent for the study of Geography aimed at the formation of citizenship. The
amount of literature on Cartography teaching in the classrooms is noticea-
ble; however, little has been discussed about teaching this discipline in the
graduation courses. Cartography in Geography teaching is important to
help in the analysis and in the development of observation, perception and
space representation abilities. Analyzing the workshops on Tactile Cartog-
raphy, it was possible to observe the difficulty of the teachers to dominate
cartographic-related contents. Focus will be given to experiences from
courses delivered in 2012, a partnership between the University of Sao Pau-
lo (USP), Sao Paulo State University (UNESP) and the Sao Paulo State Sec-
retary of Education; in which, when challenged to elaborate a tactile map,
the teachers who attended the courses expressed difficulties in reading the
information communicated by the printed map to be adapted, mainly in
what concerns the aspects of graphic semiology. This led us to perform a
theoretical review of the cartographic communication principles and t con-
clude that the tactile cartography broadens the possibilities of application of
practical activities with maps in the classroom, involving all students, and
becomes a support content for the geography teachers, independently of the
reality lived.
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1. Introduction

The cartographic representations constitute an indispensable content for
the study of Geography focused on the formation of citizenship. The
amount of literature on Cartography teaching in the classrooms, mainly
since the 1990s, is noticeable, concerning elementary, middle and high
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school. The fact is that little has been discussed about teaching this
discipline in the graduation courses, mainly the ones aimed at the
formation of teachers, beyond methodologies and techniques, focused in
the formative quality to ensure that this professional can have intellectual
autonomy to conduct this thematic in the daily practice.

The result of this lack of concern with the graduation courses destined to
form Geography teachers is the difficulty that these teachers present when
trying to develop the contents related to cartography, which are required
today by the Brazilian school syllabus.

This study aims to emphasize the urgency of courses for teachers after
graduation (in Brazil, known as continuing education or capacitation),
covering the different areas of knowledge to deal with spatiality in its
multiple dimensions and representations.

Cartography, either as discipline or research area, is a social constructor
(Almeida 2010); therefore it is subjected to and reflects society changes. In
this sense, the contextualization about Geography teaching in Brazil is
necessary to instrumentalize the approaches and the actions in the
Teacher’s Formation Courses.

According to Salichtchev (1988) Cartography can be seen as “a science
which portraits and investigates the spatial distribution of the natural and
cultural phenomena, their relations and changes over time, through
cartographic representations - — model of symbol image which reproduces
this or that aspect of reality in a graphical and generalized way”. This is the
art, the method and technique of representing geographic spaces, either
form direct or indirect observation, and its products (maps, letter or plant)
are used in the daily life since pre-historical times (Castrogiovanni 2010).

Thus, Cartography, defined by the International Cartographic Association
(ICA) as the set of studies and scientific, artistic and technical operations
based on the results of direct observations or analysis of documentation for
the elaboration and preparation of letters, plans and other forms of
expression as their utilization , articulates the natural and social sciences
and reflects different historical moments, increasingly approaching
Geography, mainly for the importance in teaching and research. The role of
the cartographer or the teacher is extremely relevant for the social
construction of the map. This approximation brings several obstacles to the
teachers, which will be discussed in this study.

The school cartography is in the interface of Cartography, Education and
Geography; therefore, the cartographic concepts are present in the syllabus
and should be included in the disciplines destined to the formation of the
teachers.
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It was only in the last two decades that the need to compensate the failures
of the graduation course became a concern in Brazil. In this stage,
palliative measures have been discussed to help the teachers in formation
and also those who had graduated a long time ago and have to work with
the new thematic and the new technology which are present in the
classroom nowadays.

According to Oliveira (2010), Geography was distant from the Brazilian
population, mainly concerning cartographic representations. The objective
of the Geography taught in the 19* century and in part of the 20t was to
meet the capitalist and bourgeois needs to know the territory and its wealth.
The most important was the memorization of names and places, not the
comprehension of their complexity.

“In what concerns the political and economic changes and reorientations
which occurred in the Brazilian space, they motivated the insertion of
Geography as a school discipline in the syllabus of secondary education in
1837, with the creation of ‘Colégio Pedro II’, aiming to help the national
bourgeoisie to attend university level courses existing in that time” (Oliveira
2010).

Most publications on Geography teaching in Brazil focused on the
nomenclature of events and there was a strong disconnection between the
contents approached and the cartography-related elements. The
information concerning spatial representation were seen as content, rather
than methodology, a means to study the geographic space (Oliveira 2010)

It was only in 1913, that the book Geographia do Brasil by Carlos Miguel
Delgado de Carvalho dared to use maps, due to the outcome of the
republican movement and the liberalism in Brazil. Even so, the use of maps
was very restricted due to the high cost of the publication of images in
textbooks.

The 1980s marks a methodological rupture in the configuration of the
school geographic knowledge, which started to be more critically
approached, which was reflected in the cartographic representations of the
social context lived in that time.

The teaching of Geography - and consequently Cartography — at the
Brazilian school has experienced advances and setbacks. With the concern
to escape from traditionalism, themes related to Physical Geography and
cartographic principles were minimized in the syllabus; and topics related
to human geography and the debate over social contradictions were
prioritized.
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Simielli (1996) developed a series of studies in the late 1980s and
throughout the 1990s about the importance of the cartographic
alphabetization for students of the initial grades, with the concern to form
conscious and critical map readers, able to represent the geographic space
and become map makers.

The publication of the National Curriculum Parameters by the Brazilian
Ministry of Education broadens the debate on cartographic alphabetization
and cartography teaching in general in the basic schools. After the
publication of this document and the due to the falling costs of color
publication, the textbooks started to use more maps in their editions.

However, in many publications, the maps are set as illustrations, without
any concern with scale, correct legend or even orientation. In addition, the
Geography courses destined to form teachers do not follow these changes
and the professionals many times do not have conditions to evaluate the
maps in the textbooks. Even though these problems seem to have been
overcome, they still affect the education in Brazil.

2. The Tactile Cartography course allied to the Geog-
raphy teacher’s formation

2.1. The importance of cartographic learning

The work of the geography teacher is complex, as it needs to transcend the
reading of the geographic space, reading the reality of the students and
their knowledge about this space. Considering this reality, the teacher will
be able to, more confidently, propose challenging problems which are part
of the students’ lives and which are many times put aside due to the use of
passive methods proposed by the teacher.

For the teacher to have a good performance it is important that he/she
dominates the geographic content to be taught; however, knowledge about
the area of learning psychology, social psychology, history of education,
history of geography as a discipline and about languages and methods to be
used in the classroom is also necessary, as the model that defined the good
teacher only judging the academic knowledge is obsolete; today other com-
petences are necessary for the satisfactory development of the pedagogic
practice. Among the geographic types of knowledge that the teacher needs
to dominate, are the ones related to the development of cartographic activi-
ties in the classroom.

Cartography in Geography teaching is fundamental to help in the analysis
and in the development of the abilities of observation, perception and rep-
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resentation of the space. And here is the importance of handling, repro-
ducing, interpreting and constructing maps.

The access to communication in its broadest sense means access to the
knowledge; and the map as a means of communication allow the access to
spatial knowledge from the surroundings to the limits of a country or the
world.

Almeida R. D. (2001) makes an important remark:

[...] the individuals who cannot use a map are prevented from thinking
about the aspects of the territory that are not registered in their memory.
They are limited to the registration of images of the living space, which pre-
vent them to perform the elementary operation of situating unknown locali-
ties (Almeida 2010).

Didactic resources as maquettes (models), games and tactile maps help in
the process of learning graphic representations, as they allow the children
to get in contact with generalization, symbology, point of view and map
proportion in a ludic way, deconstructing their elements and understanding
the thematic presented.

2.2. Tactile Cartography course

The tactile Cartography, a branch of Cartography which approaches the
perception, the elaboration and the use of maps, can be defined as the sci-
ence, the art and the technique of transcending the visual information in a
way that the result is a document that can be used by all the individuals,
including visually impaired people.

The tactile maps are cartographic representations in relief, elaborated from
visual information. In these maps it is possible to reproduce the symbolic
system of the visual map through the tactile language, provided the particu-
lar characteristics of the touch are considered. The tactile graphic represen-
tations can be used as didactic resources in the classroom or to help in the
locomotion of visually impaired people (in buildings and public places, ur-
ban centers, etc.).

Considering the need to work the aspects of inclusion of impaired students
in regular schools with the teachers in activity, the authors o this article
have been offering tactile cartography courses. The objective is to spread
information about the importance of the tactile didactic material in sup-
porting the teaching/learning processes and the importance of new tech-
nologies applied to the educational processes of visually and hearing im-
paired people and present some topics related to cartographic concepts and
the production of tactile graphic representations, broadening the discussion
about the application of materials in the classroom.
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However; delivering training courses for Geography teachers, we could ob-
serve that these professionals present theoretical deficiencies concerning
Cartography. They also presented serious difficulties in the development of
methodologies for fundamental and middle school students about the
teaching “of” and “with” maps.

Due to the specificities of the tactile maps, their construction and use can be
seen as interesting didactic resources for Geography teaching. To construct
a tactile map it is necessary to understand the meaning of each symbol and
also the nature of the representation in order to be able to choose the best
form, texture and height to be used in the tactile version.

Among the experiences with courses and workshops for teachers, an event
held in 2012 stands out; a partnership between the University of Sao Paulo
(USP), Sao Paulo State University (UNESP) and the Sao Paulo State Secre-
tary of Education. It consisted in a 16-hour course for teachers coordinators
of the pedagogic nuclei of Sao Paulo State. These teachers are responsible
for the planning meetings and for training geography teachers throughout
the 645 municipalities of the state.

The course counted with the participation of ninety teachers divided into
two groups and approached the basic principles of Cartography, specifici-
ties of tactile cartography, techniques for the construction of tactile maps
and the importance of the inclusion of impaired students in the regular
basic education.

When challenged to elaborate a tactile map, the teachers who attended the
courses expressed difficulties in reading the information communicated by
the printed map to be adapted, mainly in what concerns the aspects of
graphic semiology.

This led us to perform a theoretical review of the cartographic communica-
tion principles, using as methodology the process of reflection necessary for
the elaboration of a tactile map; i.e., the printed map needed to be “decon-
structed”, analyzed and mainly understood so that the desired information
was communicated in an efficient way in the new map.

3. Conclusion

Today, the images and the maps play a relevant role and are present in all
the areas, in the workplace and in leisure, in people’s daily lives, in formal
and informal education. Thus, School Cartography is fundamental,
preparing children and young people to use the cartographic language.
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The Tactile School Cartography brings countless possibilities of application
in education and in the daily life of impaired and non-impaired students.
Thus, it contributes for the visually impaired students to have the same
opportunities as the individuals who are able to see.

The utilization of tactile graphic representations in regular classes is
beneficial for all the individuals. The “seers” are able to understand better
the tridimensional representation and the visually impaired students feel
totally included.

These innovating alternatives broaden the comprehension of the graphic
and cartographic languages, facilitating the learning process.

The inclusion of the impaired student in the regular classroom in Brazil
requires a theoretical and methodological rethinking by the teachers, in this
case, geography teachers, who widely use maps. The study of ways to adapt
the visual language to the tactile version is fundamental.

To work with tactile maps the Geography teacher needs to relearn the
cartography studied in the graduation course, giving a new meaning to the
graphic representations of the geographic space.

Thus, the tactile cartography broadens the possibilities to apply the
practical activities using maps in the classroom, and becomes a support for
the geography teacher, independently of the reality lived.

These innovating alternatives certainly broaden the comprehension of the
cartographic and graphic languages, facilitating the learning process and
the teachers’ work as well.
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The Challenges of Testing Spatial Thinking
Skills with Participants who are Blind or Partial-
ly Sighted
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Abstract. Spatial thinking skills are critical in geographic education for
understanding and conceptualizing complex geographic problems. Testing
spatial thinking skills on participants who are blind or partially sighted con-
tributes to a better understanding of accessible cartography, tactile map
production, and cognitive representations of space. These opportunities are
met with equally significant challenges ranging from the transference of
visualizations to tactile mediums to the embedded cartographic biases in
experimental stimuli. This paper explores the challenges of spatial thinking
field testing with participants who are blind or partially sighted, critically
evaluates our experimental design, and offers suggestions for improve-
ments in future experiments.

Keywords: Spatial Thinking, Tactile Maps, Accessible Cartography

4. Introduction

This paper focuses on the unique challenges in field testing spatial thinking
skills with participants who are blind or partially sighted. Over the past 5
years, the Spatial and Map Cognition Research Lab (SMCRL) at the Univer-
sity of Oregon has worked on numerous projects contributing to a growing
body of knowledge about maps and graphics for users who are blind or par-
tially sighted. This work includes the development of a tactile map editing
software (TAME), tactile symbology for navigation maps, and a tactile atlas
of United States demographics. This experience facilitates recent investiga-
tions of spatial thinking skills with those who are blind or partially sighted.

Spatial thinking skills are critical in geographic education for understand-
ing and conceptualizing complex geographic problems. The NRC report
Learning to Think Spatially argues:
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“Spatial thinking is a collection of cognitive skills. The skills consist
of declarative and perceptual forms of knowledge and some cogni-
tive operations that can be used to transform, combine, or otherwise
operate this knowledge. The key to spatial thinking is a constructive
amalgam of three elements: concepts of space, tools of representa-
tion, and process of reasoning. It is the concept of space that makes
spatial thinking a distinctive form of thinking” (2006: 12).

Addressing these challenges requires developing new methods and improv-
ing techniques to broaden social understanding of key geographical pat-
terns and processes (NRC 2010). Enhancing essential spatial thinking skills
by expanding the structure and functions of geographical conceptualiza-
tions, representations, and technologies into accessible mediums for citi-
zens who are blind or partially sighted is of critical importance.

The primary research question of this project is: How are individual lower
level spatial thinking skills linked together to understand the complex task
of region identification? This question stems from a proposed spatial think-
ing framework — a synthesis of the three established spatial thinking mod-
els (Gould 1996, Golledge et al. 2008, Gershmel & Gershmel 2007) — to
situate space, time, and attribute constructs in an organizational ontology.
The spatial thinking framework we have designed facilitates hypotheses for
empirical behavior field testing. Situating out hypothesis in this organiza-
tional framework, we theorize discrete skills are cognitively assembled into
complex groupings and combinations to complete specific spatial tasks.

Working within this framework, individual spatial thinking skills can be
specifically targeted in training protocols to improve overall performance
for the higher order complex task. For example, we hypothesize region
identification as a high level skill achieved through the assemblage of the
lower level skills of proximity (the relative closeness of objects), boundary
(delineations between different objects), clustering (the gatherings of ob-
jects based on location and attribute across the stimuli), and classification
(the grouping of objects according to a common relation or attribute). If
region identification is poor, we can focus on individual skills hypothesized
as necessary for identifying regionality. If region identification performance
is good, we can explore discrete performance on each of the individual skills
to understand how the larger task is cognitively assembled. In this paper,
we discuss experimental design with participants who are blind or partially
sighted utilizing the spatial thinking framework, the unique challenges of
field testing with this population, the results of this experiment, and con-
siderations on how to improve similar experiments moving forward.
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5. Experimental Design

Behavioral testing and data for this experiment were collected in July, 2012
at the National Federation of the Blind (NFB) conference in Dallas, Texas
and the American Council of the Blind (ACB) conference in Louisville, Ken-
tucky. Over the two conferences, we collected data from 41 participants who
are blind. The experimental design consists of four discrete sections. The
first section is a demographic questionnaire in which participants respond
to questions about age, onset of blindness, education, mobility device, and
familiarity with maps and navigational devices. Following demographics, a
pre-test of 60 tactile graphics is administered. The pre-test asks partici-
pants to complete timed and evaluated spatial thinking tasks. The pre-test
consists of 60 tactile graphics falling into one of three contexts (geographic,
chemistry, or no-context) and one of four spatial thinking skills (boundary,
classification, proximity, clustering). During each test, the participant is
shown five consecutive graphics from one of the twelve combinations of the
task and context—geographic proximity, chemistry boundary, or no-context
clustering for example (Figure 1).

Each set of graphics has the participant complete a task utilizing a specific
spatial thinking skill. For example, in geographic proximity, we asked par-
ticipants to locate the two islands closest to each other and thus most likely
to have similar environments. For chemistry boundary, participants deter-
mined whether the oxygen and hydrogen symbols have mixed or if there
was a clear delineation between the two. By breaking the four spatial think-
ing skills into three separate graphical contexts, we are able to test whether
spatial thinking ability is generalizable across disciplines.

Following the pre-test, participants engage in a region identification exer-
cise allowing untimed exploration of the concepts introduced in the pre-
test. Finally a post-test, equivalent to the pre-test, is administered. The pre
and post-test both have a defined sequence in which interaction with the
graphics follows a predetermined script to ensure cross participant continu-
ity.
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Figure 1. Tactile graphics of the spatial thinking skill classification contextualized
in a chemistry, geography, and no-context representation.

The primary data collected for this paper are the accuracy and response
times of individual spatial thinking skills. The individual performance vari-
ance in the experimental interactions illustrate one of the key challenges in
accessible cartography production—how to make quality maps for people
with the highest navigational challenges. As Lobben and Lawrence argue,
“the technical factors that are relatively straightforward in the production of
visual input maps present sometime difficult hurdles for the creation of
tactile maps” (2012: 96). What seems basic in visual map and graphic pro-
duction —the density of objects, the orientation of the page, or the scale of
symbology— are considerably more complex and inconsistently transferred
to tactile mediums. Research has shown that properly designed tactile maps
are linked to quality of life by increasing environmental knowledge, spatial
mobility, vocational opportunity, and social independence (Aldrich et al.
2002). The significant obstacles hindering the widespread implementation
of effective tactile maps includes the standardization of production methods
(Sheppard and Aldrich 2001, Rowell and Ungar 2003, Lobben 2005), intui-
tive design (Lawrence and Lobben 2011), and the dissemination of research
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to the public (Miele & Marston 2005, Lobben & Lawrence 2012). Engaging
in behavioral testing with participants who are blind or partially sighted
significantly contributes to an understanding of accessible cartography in
two distinct ways. First, experimental testing reveals linkages of how those
lacking discernible visual experiences of space transfer spatial knowledge
from graphic to cognitive representation. Secondly, insight into these link-
ages leads directly to improved production methodologies, formal stand-
ardization, and comprehensive implementation of accessible tactile
graphics and maps.

In addition to the clear social importance of accessible cartography re-
search, testing with participants who are blind or partially sighted extends
the temporal scale of task reaction time to the stimuli. Whereas the deter-
mination of the two closest objects on visual stimuli may take sighted par-
ticipants fractions of a second, the same task on a tactile graphic with par-
ticipants who are blind can take significantly longer. The extended task
completion time in this experimental design extends the range of outputs
and facilitates a broader understanding of the cognitive assemblage of indi-
vidual spatial thinking skills to solve complex problems.

6. Results

Initially, we calculate the mean and variability of response times for each of
the 24 measured tasks — four spatial thinking skills across three contexts
from both the pre and post-test.

Analysis (Figure 2) shows spatial thinking skills perform consistently across
the three graphical contexts for the skills of clustering and proximity.
Boundary and classification, especially in the context of geography and
chemistry, both take longer to complete and have higher degrees of variabil-
ity between participants. In our proposed spatial thinking framework, we
hypothesize certain spatial thinking skills are higher order and build upon
previous, less complex skills (Figure 3).

Region identification is conceptualized as a high level skill achieved through
the assemblage of proximity, boundary, clustering, and classification. We
consider the skill of boundary identification and proximity of objects as 15t
order, or relatively simple, spatial thinking skills. Classification of objects
based on attributes is a more complicated 27 order skill requiring 1t order
building blocks. The clustering of objects into homogenous groups based on
spatial location or similar attributes is an increasingly complicated 34 order
spatial thinking skill requiring multiple lower order building blocks.
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Figure 2.Box plots of each of the four spatial thinking skills. Each plot has the
three contexts with the pre-test light and the post-test dark.
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Figure 3. Spatial thinking framework with hypothesized linkage between percep-
tual moment (top) and region identification.

Research has shown the time and ability of participants who are blind to
search and perceive a tactile graphic is highly variable (Picard et al. 2010)
and, contrary to popular belief, it is unclear whether or not blindness
heightens tactile acuity (Norman & Bartholomew 2011). To effectively focus
on spatial thinking skills, we have to minimize the effects of tactile search in
data analysis. As Postma et al. (2007) notes, tactile search strategies vary
greatly depending on age of onset, education, vocational training, and sup-
port. To account for differing individual strategies, we first remove the ini-
tial observation from each task, controlling for the participant’s initial tac-
tile search. We then subtract the final observation in each set from the re-
maining three, standardizing the tactile search for each participant. Finally,
we merge all the data points for an adjusted response time for each of the
four spatial thinking skills and perform a factor analysis. Removing the tac-
tile search, the task of proximity (determining which two objects are closest
together) takes an average of .578 seconds while the task of clustering (find-
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ing the largest bunch of objects in a single variable graphic) takes an aver-
age of .948 seconds. The task of boundary (determining if two sets of ob-
jects were separated or mixed together across the extent of the graphic)
takes an average of 1.948 seconds. The task of classification (determining
how many different classifications of data exist within a graphic) takes an
average of 1.975 seconds (Table 1).

Spatial Thinking Skill | Adjusted Time (ms) |Group
Proximity 578.97 1
Cluster 942.17 2
Boundary 1948.88 3
Classification 1975.35 3

Table 1. Adjusted time and factor analysis for each of the four spatial thinking
skills.

We hypothesized proximity and boundary would have similar response
times and form the group in the factor analysis, classification would take
slightly longer and be in a second group, and cluster would take the longest
and be in a third group situating organizationally as visualized in Figure 3.
Contrasting expected results versus actual results (Figure 4) clearly shows
where task performance diverges from our hypothesized organization of
spatial thinking skills and linkages.

In addition to response times, task accuracy is calculated. We created an
index of task difficulty by calculating the mean response time across all par-
ticipants multiplied by the percent correct. In this index, values below 1.0
indicate acceptable task difficulty and values above 1.0 indicate unaccepta-
ble.
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The task difficulty ranking reveals the tasks of boundary and classification
are of an unacceptable difficulty resulting in poor performance. Additional-
ly, this index clearly indicates that the chemistry and geographic contexts
are both more difficult than graphics with no context. One possible explana-
tion is that situating spatial thinking processes in discipline specific context
adds additional complexity to the skill itself. Alternatively, the difficulty
index (Table 2) could also indicate that contextualized tactile representa-
tions distract substantially from the spatial thinking skills themselves and
appends unnecessary intricacy to the experimental design.
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Average

Task Time % Incorrect  Difficulty

Context

No Context 10.3075 0.0575 0.6947 Acceptable
Chemistry 15.05 0.165 3.11915 Difficulty
Geography 12.805 0.105 1.43535

Spatial Task Unacceptable
Proximity 9.736666667 0.03666667 0.396833 Difficulty
Boundary 16.22666667 0.24333333 4.373333

Classification 15.59333333 0.09333333 1.532033

Clustering 9.326666667 0.06333333 0.696733

Table 2. Task difficulty index. Using a simple metric, we determine tasks in purple
represent an acceptable tactile design and those in orange unacceptable.

Studies have suggested that the ability of a blind participant to tactilely per-
ceive stimuli is significantly increased with basic geometric shapes stripped
of complex contextual implications (Picard et al. 2010, Heller 1989, Miller
1975). The difficulty index illustrates that only the single variable (proximity
and clustering) no-context graphics meet our expected task difficulty. In
light of this, we accept that contextualization of spatial thinking skills in
tactile graphic design adds unnecessary complexity and produces preventa-
ble uncertainty in the results. The divergence of the measured results from
the expectations and findings from the difficulty index lead us to critically
reflect upon the experimental design of tactile spatial thinking tests. Issues
ranging from stimuli complexity to participant anxiety must be carefully
considered in future experimental designs to yield results capable of an-
swering the fundamental research question.

7. Discussion

The uncertainty in the results from this experimental design necessitates
that we reevaluate the graphical stimuli production and experimental pro-
tocol. Research has shown the transference of graphics from visual to tactile
mediums accounts for the lower perceptual resolution of touch by increas-
ing generalization, simplification, and symbolization (Jacobson 1998). That
which is lost in translation between mediums indicates that highly compli-
cated and contextualized graphical depictions may be inappropriate for
behavioral testing on spatial thinking skills. Appropriate graphics for dis-
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crete spatial thinking skills could be stripped of superfluous contextualiza-
tion and strive to be as stripped down as possible (Figure 5). Additionally,
as cartographers, our visualizations of spatial constructs are heavily influ-
enced by the history of map design and discipline of geography. As a result,
stimuli design may be unintentionally biased towards academic training
and the representation of a spatial construct may not reflect a generalizable
depiction. In the seemingly straightforward material production of behav-
ioral stimuli, we assume the visual cartographic representations of spatial
thinking constructs will uniformly transfer to a tactile medium for a group
of blind or partially sighted participants with limited exposure to quality
maps and radically varied perceptions of space.
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Figure 5. No-context representations of the four spatial constructs hypothesized
as building blocks for region identification.

When we look at the stimuli for this experiment in relation to the results,
we begin to question if the geographically biased representation of bounda-
ry, for example, is fitting of a generalizable representation of boundaries.
We expected boundary to be grouped with proximity as a 15t order skill. In-
stead, results indicate boundary as a high level 3 order skill building on

117



lower level constructs. Conceptualizations of boundaries are highly variable
depending on discipline (Lamont & Molnar 2002). Even within the disci-
pline of geography, conceptualizations of boundaries range from physical
inscriptions on the landscape to fluid socially constructed markers. In this
experiment, participants are asked to determine if there is an invisible de-
lineation between two sets of homogenous groups or if the groups are
mixed across the stimuli. While this is a perfectly acceptable geographic
interpretation of the spatial construct of boundary, it may be far from the
general consensus. Though we determine this task to be one of boundary
identification, it may in fact be one of pattern recognition or spatial organi-
zation to the participant. Our experience as academic cartographers may,
counter-intuitively, make our representations of spatial constructs more
abstract than those of the public. This disparity between conceptualizations
of constructs is increasingly compounded when sighted cartographers are
designing maps and graphics for participants who are blind or partially
sighted.

This experiment, loaded with our own geographic and cartographic biases
of what graphically constitutes a boundary is epistemologically restricting.
Research in cognitive spatial thinking processes with participants who are
blind or partially sighted compels us to rethink graphical representations
of constructs and to develop more flexible experimental designs. The pri-
mary concern of the initial designs should be to strip away individual bias-
es in representation of concepts. Behavioral experiments produce general-
izable statistics from the intimate configurations and personal perceptions
of objects across the stimuli. Top-down approaches to stimuli design limit
our understanding of how spatial thinking skills are cognitively linked and
assembled across different populations. When testing with populations
that are blind or partially sighted, it is important to remember added con-
textualization and discipline influenced graphical representations of spa-
tial constructs limits the amount of meaningful insight that may be gained.
Tactile stimuli design, especially when influenced by conviction and the
privilege of sight, must embrace flexible approaches.

8. Conclusion

The linkages between complex higher level tasks and the lower level build-
ing blocks are theorized in the spatial thinking framework, generating a
series of testable hypotheses to shed light on how spatial thinking perfor-
mance is an operational assemblage of individual spatial thinking con-
structs. In this experiment, we attempted to draw out performance on dis-
crete spatial thinking graphics linking together to form region identifica-
tion. The response times, groupings, and accuracy of the results did not
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meet our expectations leading us to question both the original hypothesis
and the experimental design itself. Through a difficulty index, we reveal the
limitations of our experimental design and the consequences of cartograph-
ically framed representations of spatial thinking constructs for participants
who are blind or partially sighted. To counter this effect, we encourage criti-
cal refection on design of tactile representations for spatial constructs. Ad-
ditionally, we conclude that contextualization of graphics adds an unneces-
sary difficulty and complexity to already complicated spatial thinking task.
Cartographers need to recognize that which is commonplace in visual rep-
resentations can be exceedingly demanding in a tactile format. Understand-
ing spatial thinking skills and cognitive representations of spatial stimuli
with participants who are blind or partially sighted demands flexible meth-
odologies, careful design, and critical reflections on what is lost between
mediums.
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The Impact of Indonesian Policy on the Use of
High Resolution Imagery for Updating National
Geospatial Information
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Abstract. There are some positive impacts of Indonesian policies related
to geospatial information. This article describes two policies: Act no 4/2011
concerning geospatial information and Presidential Order no. 6/2012 con-
cerning the uses, distribution of high remotely sensed imageries. Act no
4/2011 didn’t mention directly to remote sensing role for revising geospatial
information but in fact Presidential Order no. 6/2012 mentioned explicitly
to use ortho-rectified image for the purposes of national program done by
all governmental agencies. Policy of uses, control quality, processing and
distribution of high resolution of satellite data. The main positive impact is
an updated national geospatial information that will also affect to a better
national development planning. The indirect impact of those two policies
will improve skilled and educated users in the field of remote sensing and
cartography.

Keywords: remote sensing policy, geospatial information, cartographic
education and training.

1. Introduction

Remote sensing and cartography have important contributions for the ef-
fort of accelerating the geospatial data and information. Remote sensing
can play important roles in the context of renewing and revising the availa-
ble data and accelerating the data of areas where have outdated information
or no geospatial data at all. Remote sensing images having georeferenced
mode are very potential to replace old and outdated cartographic infor-
mation. While geospatial data can be well presented and fulfilling the crite-
ria needs according to cartography guidelines. By having Indonesian Geo-
spatial Information Act no. 4/ 2011, Indonesian people have been more
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guaranteed in accessing geospatial data (GD). This Act is forcing to the
Government to continuously prepare and serve geospatial data and infor-
mation, both basic geospatial information (bGI) and thematic geospatial
information (tGI) inexpensively and easily to be used by public. The Gov-
ernment concerns itself to use geospatial information (GI) in the context of
supporting the national development program. At least, the acquisition of
an accurate and responsible GIS cannot compete with much more demand
of GI continuously from various levels of planning. In other word, it is not
easy to compete with the high and fast information demands. Therefore, to
fulfill the need, it is obligatory to do ‘break-through’ effort, including the
technological selection, and to formulate a policy for the acceleration of
geospatial availabilities.

This paper generally describes the impact of Indonesian policy on the use of
high resolution imageries for updating base geospatial information, includ-
ing national base map (topographic map). Remote sensing and cartographic
roles in the development of geospatial information will also influence posi-
tively to the national development planning. Using ortho-rectified image for
the whole Indonesian territory will affect to the needs of education and
training for remote sensing and cartography.

To support such policy it needs focused and dedicated activities for speed-
ing up geospatial information. Research, education and training, and social-
ization in cartography can be conducted for the purpose of supporting poli-
cy in accelerating geospatial information.

Any effort of acquisition of geospatial data and information is basically re-
quired for existing development. Whether or not giving benefits directly for
particular sector, updated geospatial data and information are definitely
required. For the quick response like natural disaster, a special treatment in
collecting new GI must be provided by the government (Martha, 2011).

Even though all sectorial mapping activities to be referred to bGI, in practi-
cal work, development has to be completed without waiting for the availa-
bility of geospatial data (bGI). Therefore, there are duties and services of
the government to provide proper geospatial data and information. Plan-
ning and executing national development (physical planning) requested
some particular requirements (Martha, 2011).
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Policy (Law no. 4/2013, and
Presidential Order no. 6/2012)

Updated National Geospatial )
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Figure 1. The impact of policy to Remote Sensing and Cartographic Education and
Training

Due to the high needs of preparing geospatial data and information, it is
required to have a special policy to support in accelerating the GI acquisi-
tion. Remote sensing is an effective tool for assisting the acceleration of GI,
and cartography as a tool in performing and visualizing such GI data and
information.

As an effort for accelerating policy, it must be not obeying the basic princi-
ple of academic truth and can be scientifically responsible. Thus, the role of
policies on remote sensing as main input media will generate new geospa-
tial data and information and capable of providing reliable geospatial data
and information for natural resource management and regional develop-
ment planning. The policies will affect to updated geospatial information
nationally. By results of revised geospatial data and information will con-
tribute for local, regional and national planning stages, and the process of
development. Finally, the impact will be opportunities for educating and
training human resources in remote sensing and cartography (Figure 1).
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2. Remote Sensing in updating geospatial data and
information

As a comparison with other country, remote sensing in Japan has an im-
portant role for maintaining Digital Basic Map. Since 2009, the Javanese
national mapping authority, the Geographic Survey Institute or Geospatial
Research Institute (GSI) has started to develop “Digital Japan Basic Map”
which is nation’s new basic map and will replace 1:25000-scale topographic
maps. As mentioned in Figure 2, Digital Japan Basic Map consists of three
components; map information, digital ortho images and geographic names
(Tachibana 2009).

a

Map Information Digital Ortho Image Geographic Names

Figure 2. Digital Japan Basic Map through the Internet (Tachibana 2009).

Map information is actually digital data including topography, vegetation
and others physical data that can be integrated with other additional geo-
spatial information for the benefits for public administration. The Indone-
sian mapping authority should learn from Japanese and other country ex-
periences and policy to provide the latest geospatial information in constant
way without getting problems with paper map stock.

Digital ortho images are very effective information sources for public ad-
ministration purposes, they need to be developed first. Providing the up-
date geospatial information for the whole territory of Indonesia is really not
cheap but it seems no other way for serving public, as what has been done
by US and Japanese Mapping Authority. The Geospatial Survey Institute
(GSI) of Japan for instance, develops digital ortho images from aerial pho-
tographs taken by digital aerial camera. To make easy for preparing digital
ortho images, they had applied aerial photographs as only one of reference
data for updating 1:25000-scale topographic maps, digital aerial camera,
GPS and digital photogrammetric system.

The geographical name dataset is important geospatial information element
to be prepared in relation to map updating. Without accurate toponym or
geographic names, a map can’t be called as a proper map. This dataset will
be used to identify geographic features both for humans and computers.
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Additionally, geographic identifiers are to be used for integrating or sharing
geospatial information among different geospatial information databases.

3. Policy for revising geospatial information

There are two types of policies, first, Law or Act (GI Act) and second, Presi-
dential Instruction (Order).

3.1. Policy / Act No. 4/ 2011 - Geospatial Information

This policy has related to the problem of education and training. Besides
remote sensing, cartography assists in presenting geospatial data visualiza-
tion into map. It can also be involved in policy supports for updating and
visualizing bGI and tGI.

Article 35 GI Act no. 4/2011 mentioned that presentation of geospatial data
can be done in the forms of coordinated tables, printed map both in the
form of map sheets and the book of Atlas; digital maps, interactive maps,
including those can be accessed through information and communication
technology; multi-media maps, globes, or maps with 3D model. More de-
scriptions can be read in article 36: GI presentation as stated in article 35
(except coordinated tables) must use the scale determined based on the
level of accuracies on data sources and the purpose of the GI uses.

Even though standard of map presentation is not explicitly in the GI Act, it
doesn’t mean that standard is not important. Basically by applying stand-
ard, GI becomes ‘tight’ with guidance as reference. Cartographic principles
will automatically function to protect how GI can be feasible to be presented
and ready to read by map readers or users. To make it possible, all carto-
graphic data within GI will be feasibly evaluated based on particular scale.
Cartographic presentations of several products like printed maps, digital
map, interactive map, multimedia, globe and 3D maps. Those products re-
quire mapping guideline (article 35 and 36).

Geospatial information content has to be well presented and visualized
properly on the map and atlas with acceptable accuracy according the level
of uses. For technical and engineering purposes, of course, such map must
have high accuracy. It means that the role of cartography is very relevant to
present and represent of geospatial data and information assisted by the art
of visualization. This may be problem when the interpretation of GI Act no.
4/2011 with no explicitly stated the presentation standard. Imagine, how
problem will arise, when there is no printed map having a standard of rep-
resentation, while private individual (based on the Act) is possible to pub-
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lish maps. There will be serious problem due to complicated spatial infor-
mation affected by various themes and scales used.

Atlases consist of maps with various themes; scale must be standardized
suitable for paper size of the publication. Information display should be
readable enough for the users. For School Atlas, the problems of contents
must also be solved separately, there some curricula involvement and other
cartographic considerations. All kinds of home work will challenge us and
many opportunities are broadly opened for the development of cartog-
raphy.

Digital maps are basically the same as printed maps, when visualization
process of geospatial data becomes information (maps), they should follow
the standard cartographic rules. Map scales on topographic and thematic
maps will indicate the level of geospatial information. Bigger computer
roles in processing data mean less human intervention of cartographic
skills. Other words, IT software will free generate any products. Nonstand-
ard GI product may be resulted from the operational procedures without
referring to cartographic standards.

Inter-active maps can be accessed through information and communication
technology. They are basically pictures of geospatial information through
the mode of display simplification. In this map, GI will be communicated
with the users inter-actively. The involvement of other expertise like graph-
ic designer, information technologist is needed. However, for visualizing the
substance of geospatial information should be better consulted with cartog-
raphers. Geospatial data generalization having its own principles requires
cartographic rules and inputs from cartographic experts. This means that
interactive maps basically have a goal for communication media among
users, with user-friendly mode for the benefit of human life.

Useful information using multi-media map will benefit users. By socializing
cartographic products, for instance through activity like customer gather-
ing, it will affect and improve the number of map users, and also as promot-
ing in map sales and geospatial data services. Once again, the involvement
of experts in media, press, journalism, IT etc., is needed. To maintain the
information accuracy and proper map visualization, cartographic skilled
personnel will involve in the process of multi-media map making. Many
experiences in making multimedia maps can qualitatively initiate in per-
forming standard and feasible visualization.

Globes and maps with 3D information are often applied as teaching aids to
describe geography for the students. There is still no standard rule in Indo-
nesia as guidance for private companies to produce this globe and 3D maps.
The 3D model can be made with embossed papers and printed in particular
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printing machine. Local companies need to have such guideline to produce
globes and 3D maps for having a proper information and useful tool for
elementary to high school students.

3.2. Presidential Order No. 6/2012

This Presidential Order no. 6/2012 concerning uses, control quality, pro-
cessing and distribution of high resolution satellite data, indicated the
government understands that high resolution satellite imageries with radi-
ometric and geometric correction (ortho-rectified image), has similar use
and provide benefits more compare to topographic maps. Even, this can be
said that the role of ortho rectified image has ‘over’ that of topographic map
itself. The reason is that instead of waiting for the larger scale of topograph-
ic map with no time guarantee when to be published. Based on the Act no.
4/2011 concerning Geospatial Information, any thematic maps cannot be
published since tGI has to depend on bGI reference.

Compare to those two legislature products, there is a regulation gap (be-
cause there is no Government Regulation to be as ‘bridge’; the word ‘remote
sensing’ is not explicitly mentioned in UU no. 4/2011, while in Presidential
Order no. 6/2012, did not only mention the word of remote sensing but the
uses and benefit of imagery). In our regulation system, from the highest to
the lowest rank of regulation is started from Constitution, Law/National
Act, Government Regulation and finally to Presidential Decree or Presiden-
tial Order. For the purpose of updating geospatial information, this Presi-
dential Order is a new breakthrough for national mapping, and will impact
positively to the education and training in the field of geography and car-
tography.

Presidential Order no. 6/2012 stated:

“in order to highly resolution satellite data be optimally used and the na-
tional budget can be efficiently saved and to avoid the duplication of
budget allocation for procurement of high cost of high resolution satellite
imagery”.

This consideration gives meaning that within Presidential Order is only
meant to improve efficiency in budget use and avoid duplication in pro-
curement of high resolution satellite images. The use of satellite data itself
is not part of such important considerant. Therefore, there is no scientific
background to support this very important role of satellite imagery in de-
velopment planning.

The content of this Presidential Order is aimed to all Ministry, National
Army commander, National Police, all Heads of Non-Departmental Agen-
cies, all Governors and all Regent/Mayors.
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First:

Order for using ortho-rectified high resolution satellite imagery to be pre-
pared by Board of Geospatial Information (BIG) for less than 4m resolu-
tion; and to be prepared by National Institute of Aeronautics and Space
(LAPAN) for 4 m resolution.

Ortho image in this Presidential Order has a meaning ‘cartographic view
or to be ready for applying radiometric and geometric corrected satellite
imageries to the purpose of sectorial development program conducted by
other government institutions. In the implementation of Presidential Order,
between BIG and LAPAN has to have the same perceptions for operation.
LAPAN and BIG should have a good cooperation to support this Presiden-
tial Order. They just follow the Order to prepare ortho-rectified image.
LAPAN cannot think that more practical if radiometric and geometric cor-
rections are processed by LAPAN. BIG will consider that a geometric activi-
ty is its own competency, supported by the majority of skilled personnel
having geodesy qualification.

2

Second:

Order to convey plan of high resolution satellite imagery data needs to
conduct program and activity for the next fiscal year to BIG through co-
ordination meeting.

Presidential Order consists of instruction that benefits the duty of BIG, be-
cause there will be one gate in using high resolution satellite imagery. To
make BIG more powerful, also LAPAN, additional roles and supports are
required from Ministry of Research and Technology.

Third:
Order for:
1. Head of LAPAN
a. Prepare high resolution satellite data with Government License;

b. Improve capacity and operation of high resolution satellite data
acquisition;

c. Prepare and produce high resolution satellite data/ images as
ruled by existing regulation;

d. Process image of high resolution satellite data with spectral and
radiometric correction;

e. Generate metadata of high resolution satellite data based on In-
donesian National Standard (SNI);
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f.
g.

Conduct archiving high resolution satellite data; and

Together with Head of BIG conducts quality control for high
resolution satellite data.

2. Head of BIG

a.

b.

Improve capacity and processing system of high resolution sat-
ellite data for national survey and mapping purposes;

Generate ortho-rectified image (high resolution satellite data)
for surveys and mapping based on processing result like spec-
tral and radiometric correction done by LAPAN;

Conduct archiving and securing high resolution ortho-satellite
imagery;

Distribute high resolution ortho-satellite imagery through Na-
tional Spatial Data Infrastructure; and

Together with Head of LAPAN conducts quality control for high
resolution satellite data.

Based on the Order no. 3, there is no instructions for both BIG and LAPAN
to conduct geometric correction for high resolution satellite imagery (ortho
image). This possibly needs to have correction in original text of the Order.
It is important for both BIG and LAPAN have duties in quality control. The
problem is how to do such control, because the two institutions have each
own authority.

BIG will improve in using satellite image for national mapping/ geospatial
information (Point 2a), and this will motivate BIG to do research on Digital
Elevation Model (DEM) to generate topographic maps through ortho-
rectified image (Point 2b).

4.

Conclusion

a) The fast acquisition of geospatial data and information (GI) using
satellite imagery can assist in revising the national geospatial infor-
mation. Remote sensing and cartography education will also play
important roles to support the updating works of geospatial data
and information.

b) Although a standard of GI presentation is not explicitly stated in Gl
Act no. 4/2011 it doesn’t mean that the visualization can be done
freely without cartographic principles. All GI products such as print-
ed maps, atlas books, digital maps, interactive maps, multimedia
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maps, globes and 3D model maps are required to follow the proce-
dures of visualization.

¢) Two policies, like Act no. 4/2011 and Presidential Order no. 6/2012
will provide the opportunities to accelerate readiness, cheap and ac-
cessible GI availability then it will support the acceleration of na-
tional development.

d) The policy of the application of remotely sensed data in Indonesia
will affect the needs of skilled personnel; and giving more oppor-
tunity for remote sensing and cartographic education and training
development in Indonesia.
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Abstract. During 2008 and 2009 was developed an international project
on the possible use of Chernoff faces in School Cartography, with the partic-
ipation of Argentine and Hungarian researchers, organizing a survey that
finished with positive results, but also with some questions without a clear
answer. This situation motivated Hungarian colleagues to organize a new
project together with Austrian specialists in 2010 and 2011. The results of
the Austrian survey were compared with the results obtained by Argentine
and Hungarian pupils in 2009, finding answers to the previous contradicto-
ry results. A new Hungarian questionnaire was applied in grades 5 to7 of
two Elementary Schools in Budapest, studying how younger children read
the data represented using Chernoff faces and pictograms modified accord-
ing to the Chernoff principle. This Hungarian survey determined the grade
of acceptance between the younger pupils, as well as the grade of practical
usability of these alternative methods in School Cartography.

Keywords: Cartography for children, Chernoff faces, School, survey

1. Introduction

1.1. What are the Chernoff faces?

This method for data representation was created by Hermann Chernoff
(Professor Emeritus of Applied Mathematics, Department of Statistics at
Harvard University) in 1973 (Figure 1). The essence of his method is the use
of the features of a human face to represent different variables (Chernoff
1973). According his article up to 18 themes or variables can be represented
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using a face. During a theoretical research made in 2008 (Reyes 2009) par-
ticipant researchers concluded that at same time six (6) variables can be
represented with a Chernoff face in interest of a faster and easier reading of
data (e.g. represented on a map).

From 1977 the Chernoff faces began to be introduced to cartography
abroad. The first and more famous (today considered a classic) example is
the map entitled “Life in Los Angeles, 1970”, designed by Eugene Turner
and drafted by Richard Doss from the Geography Department at the Cali-
fornia State University in 1977 (Figure 1). Turner wrote about this map: “It
is probably one of the most interesting maps I've created because the ex-
pressions evoke an emotional association with the data. Some people don't
like that.” (Turner 2004).

Figure 1. Herman Chernoff (2008), the first face from 1973 and a fragment of the
first thematic map (Turner 1977)

1.2. Hungarian-Argentine research project (2008-2009)

The Chernoff faces were not created for the data representation on maps.
By this reason, the characteristics of this method need to be adapted to the
cartographic requirements before using it on a map and in specific in
School Cartography.

In 2008 Argentine and Hungarian researchers began a two years project
entitled “The possible uses of the Chernoff faces for data visualisation in
School Cartography”. During the first year was followed the theoretical re-
search (Reyes 2009) to draft and to exchange principles and general lines to
follow during a school survey, which was made in the second year (Reyes et
al. 2010).
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In this survey, 818 pupils from 8 schools of the province of Buenos Aires
and 1038 pupils from 12 schools in three Hungarian provinces (all of them
from 12 to 15 years old) answered a questionnaire designed according to the
specific characteristics of each educational system between March and June
of 2009 (Juliarena, Garra, Rey et al. 2009). The questionnaire was formed
by four questions to examine four aspects of the use of Chernoff faces:

Use of “traditional” Chernoff faces

Use of Chernoff faces applying cartographic principles

Applying the Chernoff principle on pictograms

Drawing of thematic data by pupils on an outline map using Chernoff
faces

The results of the Argentine-Hungarian survey can be read on the Table
number 1 in the point 3.2 (Results of survey in Austria) of the present pa-
per, comparing them with the results obtained in the Austrian survey in
2011. Apart from the positive results explained in earlier papers (Reyes
2010), some contradictory and unexpected experiences were noted when
the Argentine and Hungarian results were compared:

e Question applying the Chernoff principle on pictograms: the Hungarian
pupils’ obtained the best result between the four questions of the ques-
tionnaire, while it was the second worse result in the Argentine ques-
tionnaire.

e Reading of data represented by changing only the shape of a face (“tra-
ditional” Chernoff face) did not provoke more significant difficulties
than if the representation is made changing the size and the fill (apply-
ing cartographic principles).

On other hand, the survey was made for older (13-14 years old) pupils, but
one of the conclusions of the previous theoretical research was that use of
the faces can be more successfully for children in early grades of Elemen-
tary Schools, an idea that was reaffirmed by some of the opinions written by
the Hungarian pupils to comment their own answers.

In interest of giving answer to all those questions that remained open, col-
leagues from the Department of Cartography and Geoinformatics at E6tvos
Lorand University (Budapest) decided to follow the research in a new inter-
national project with the participation of the Research Group on Cartog-
raphy at the Institute of Cartography and Geoinformatics of the Vienna
University of Technology.
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2. Organization of the Austrian-Hungarian research
project

In 2010 both institutions began a project entitled “Further research and
survey related to the theoretical and practical results of previous interna-
tional projects about the possible cartographic uses of the Chernoff faces”,
financed by the bilateral agreement for research between Austria and Hun-
gary. This research project presented different characteristics in relation to
the Argentine-Hungarian one:

e The theoretical research was planned according to the results obtained
during the Argentine-Hungarian project and it was focused to the opti-
mization of the method for School Cartography.

e Both research teams organized a survey in their respective countries in
2011, which were planned to complete each other and not to compare
their results.

e Austrian colleagues organized a survey similar to the Argentine-
Hungarian one, and compared their results with the results obtained in
20009, finding answers to clarify the previous contradictory results.

e Hungarian colleagues organized a new survey for pupils in earlier
grades (grades 5 to 6) in two selected Elementary Schools in Budapest.
This test filled the gap left during the 2009 survey, studying how young-
er children can read the data represented using the method and the
grade of acceptance between them.

Reading the last two characteristics it can be deduced that the present pro-
ject was divided into two subprojects with results separated from each oth-
er, but completing each other and the previous Argentine-Hungarian pro-
ject at same time.

3. Austrian research subproject

3.1. Design of the questionnaire in Austria

After the study of the results obtained in the theoretical research and com-
mon arrangements, Austrian colleagues followed similar principles to de-
sign their own questionnaire, that is to use similar solutions than in the
Argentine-Hungarian project (the same number and content of questions,
colour, symbols, paper size, pupils with similar cartographic knowledge), in
interest of facilitating the comparison of results in both surveys.

The questionnaire was formed by four questions and it was printed in black
and white and A5 format. Considering the specific characteristics of the
Austrian educational system, the questionnaire was designed for pupils of
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grades 3 and 4 (13—-14 years old) in Austrian Secondary Schools (AHS,
allgemeinbildende hohere Schule — academic secondary school and HS,
Hauptschule — general secondary school) with some experience using maps
and school atlases.

The questions were penned as follows:

1) Question using “traditional” Chernoff faces (only the shape of a face can
be changed to represent data and all the faces are unfilled): The selected
data were the “Tourism in Austrian provinces” to compare the number of
tourists, the overnight stays of domestic and foreign guests and the length
of stay. There were two simple and one more difficult question (Figure 2).

Tourismus in Bundeslindern Osterreichs
1. Anhand der unteren Karte und Legende beantworte bitte folgende Fragen:

[
J @

" OBEROSTERREICH |

EROSTERREICH @ Gs}g_.
. ENE o
| ¢ SF I
Fo ¥ @ &
— ¢ FF & &g
<& N ,§> oy

BURGENLAND

Hoch O ®@® PEERN R

a. Welches Bundesland hat die meisten Touristen?
Mittel oo - —
b. Wo Gibernachten die wenigsten inlédndischen Gaste?

¢. In welchen zwei Bundesléndern ist die héchste Niedrig % x N/ —
Aufenthaltsdauer?

Figure 2. Question using “traditional” Chernoff faces

2) Question with Chernoff faces applying cartographic principles (size of the
face varied according to the represented data): The theme was the agricul-
ture in the Alpine countries and the number of farm animals in Austria

(Figure 3).
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Landwirtschaft in den Alpenldndern
2. Auf der Karte sind die Bestande der Landwirtschaft in den Alpenlandern zu sehen:

a. Gibt es mehr Milchkiihe in Italien oder in Deutschland? ...
b. Gibt es mehr Schweine in ltalien oder in Deutschland? ...

c. Wo gibt es die wenigsten RINAer? ...
&
3 .
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Figure 3. Question with Chernoff faces applying cartographic principles

3) Question applying the Chernoff principle on pictograms: In Austria the
same pictogram (a tree) was chosen, changing similar parameters: leafage,
trunk, etc. like in Hungary and Argentina (Figure 4). The topic was the data
about forestry in some neighbouring countries (growth of the forest area,
the proportion of forests and the gross value added of forestry).

Forstwirtschaft in einigen Nachbarlandern
3. Auf der Karte kannst du die Forstwirtschaft in einigen Nachbarl&ndern sehen:

a. Welches Land verzeichnet das geringste Wachstum der Waldflachen? ...

b. Ist der Anteil der Waldfldche in Osterreich oder in Slowenien gréRer? ...

¢. In welchem Land ist die Bruttowertschédpfung der Forstwirtschaft am héchsten? ...
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Figure 4. Question applying the Chernoff principle on pictograms
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4) Question to draw thematic data on an outline map using Chernoff faces
(Figure 5): In the last part the pupils have to draw their own Chernoff map
with a table containing basic data and a legend. Data were about the cine-
ma, theatre and museum visits in some Austrian counties. The shape of the
face was given, pupils had only to draw the eyes, lips and eyebrows on the
outline map.

Kino-, Theater- und Museumsbesuche

) - Theater- Museums-
4. In der folgenden Karte sollst du die Daten von der besuche besuche besuche
Tabelle mithilfe der Legende in den folgenden -
Bundeslandern einzeichnen! Als Beispiel haben wir Tausend
das Gesicht-Symbol fiir Wien bereitgestellt. Burgenland 177 23 303
Niederdsterreich 2120 400 2142
Oberdsterreich 2462 403 1.896
Steiermark 1.942 225 1175
\ T Wien | 5055 2.104 13941
4 ‘ \ o)
U / \J King- Theater- Museums-
OBEROSTERREICH - besuche besuche besuche

NIEDEROSTERREICH WIEN
n Tausend

Im Hoch @@ S~ 7N
\/ iber3000  Uber300  Uber2500

STEIERMARK Mittel 0o -
1.500-3.000 200-300 1.000-2.500
Niedrig x % N NS

unter 1.500 unter 200 unter 1.000
Figure 5. Question to draw thematic data on an outline map using Chernoff faces

3.2. Results of the survey in Austria

The questionnaire in Austria was applied between March and June 2011
and 11 schools from eight Austrian Federal States participated, the majority
of the answers arriving from Lower Austria (Niederosterreich). A total of
1793 pupils answered the questions of the test, and the majority of partici-
pants were 13 years old (42,7%, 766 pupils) and 14 years old (33,5%, 601
pupils). From them 52,5% were girls (942 pupils) and 46,3% (830 pupils)
were boys.

The Austrian results were proportionally better than in Hungary or in Ar-
gentina (Table 1). The number of correct answers is also interesting because
in Austria the understanding and using of Chernoff faces on maps were the
best (more than 80% of pupils answered the first, second and fourth ques-
tions correctly). But they gave the least right answers about this principle
on pictograms (only 74% of the pupils), while this was the best result in the
Hungarian survey with 87% of the pupils.
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MAIN RESULTS OF THE SURVEY

QUESTION-
NAIRE

ARGENTINA (2009)

HUNGARY (2009)

AUSTRIA (2011)

Cor-
rect
an-

swers

An-
swers
with
one or
more
errors

No
an-
swer

Cor-
rect
an-

swers

An-
swers
with
one or
more
errors

No
an-
swer

Cor-
rect
an-

swers

An-
swers
with
one or
more
errors

No
an-
swer

Question
using “tradi-
tional”
Chernoff
faces

493

313

12

828

207

1584

209

Question with
Chernoff
faces apply-
ing carto-
graphic prin-
ciples

285

527

665

367

1514

273

Question
applying the
Chernoff
principle on
pictograms

294

520

908

123

1329

461

Question to
draw themat-
ic data on an
outline map
using
Chernoff
faces

540

257

21

798

211

29

1474

297

22

Table 1. Comparison of results obtained in Austria in 2011 with the results of Ar-

gentina and Hungary in 2009

In Figure 6 can be compared the results obtained in the three surveys.
Based on these statistics can be determined that the Austrian results con-
firmed the results obtained in Hungary during the school survey in 2008.
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Argentina

M Noanswer M Answers with one or more errors | Correct answers

Representing data
on an outline map
Chernoff principle

on pictograms
Chernoff faces applying
cartographic principles

I 66%
64%

64%

Traditional Chernoff faces

I 60%

HUNGARY

M Noanswer M Answers with one or more errors | Correct answers

Representing data
on an outline map I 77%
Chernoff principle

on pictograms
Chernoff faces applying
cartographic principles

| 87%

35%
| 64%

Traditional Chernoff faces

| 80%

AUSTRIA

M Noanswer M Answers with one or more errors |Correct answers

Representing data
on an outline map | 82%
Chernoff principle

26%
on pictograms

| 74%
Chernoff faces applying

cartographic principles | 84%

Traditional Chernoff faces

| 88%

Figure 6. Diagram comparing the percentage of correct and incorrect answers by
questions in the Argentine, Hungarian and Austrian survey

Other of the most interesting results was the comments and feedbacks of
the pupils in the Austrian survey. A total of 1208 pupils (67,4%) wrote their
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opinions, which researchers categorized as positive, negative or neutral
(Figure 7).

Giving comments Rate of comments

no opinion

H given opinion

positive

48,3% negative

comments

0%
50%

100%

rate

Figure 7. Proportion of positive, negative and neutral comments during the Aus-
trian survey

4. Hungarian research subproject

4.1. Design of the questionnaire in Hungary

The new questionnaire was designed considering the specific characteristics
of the Hungarian educational system: in Elementary Schools pupils began
to learn some basic map concepts (mainly related to orientation and
sketches of their classroom and immediate environment) from grade 3, but
they learn more detailed these concepts in grade 5. The situation with the
school atlases is similar: they begin to use “My First Atlas” from grade 3,
but the use of maps and school atlas became more systematic from grade 5.
The final decision was to apply the questionnaire for pupils in grades 5 to 6,
when they have at least a minimal experience using maps and school atlases
in the classroom.

The new questionnaire was planned to complete the results obtained in
2009, giving answer to a main question: Will the pupils select the alterna-
tive methods of representation (in this specific case the Chernoff faces and
the pictograms designed according to the Chernoff principle) if they have
the same information represented using traditional methods of thematic
representation?
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METHOD OF REPRESEN-

TASKS QUESTIONS TATION

Which is the region of the N
country with the highest | Traditional method:

number  of  Secondary Simplified bar graph

Schools?
First task '
Where is the number of | aiernative method:
elementary schools lower: in ) .
Central Transdanubia or | Pictogram made according to
North Hungary? the Chernoff principle
Two traditional methods ap-
Which is the region of the | plied together:
ith the high .
country - wit .t? Ighest - Choroplets (hatching)
number of pupils in elemen-
tary schools? - Proportional circles (change
Second task of size and fill)

Where is the number of
Secondary  School pupils | Ajternative method:
lower: in West Transdanubia
or Northern Alféld (Great | Chernoff faces
Hungarian Plain)?

Table 2. Description of the Hungarian questionnaire

The Hungarian questionnaire was designed with two tasks including two-
two questions and two thematic maps by task: one map made with a tradi-
tional method of representation and a second map using an alternative
method of representation. The content of this test is described in Table 2,
and the questionnaire (which because of financial limitations was printed in
a black and white A5 format) is presented in Figure 8. Based on our theoret-
ical research and practical experiences during the previous survey, we de-
cided to ask not about provinces (19 plus Budapest), but regions of Hungary
(only seven). The same data were represented in two maps: the first one
using a traditional method of representation (A map) and the second one
made using a Chernoff pictogram or Chernoff faces (B map). Pupils had to
answer the questions specifying which of both maps they used to give the
answer (A, B or both). Intentionally, researchers planned questions with
easy answers (demanding only basic knowledge about map reading from
the pupils), because our main aim was to determine which method of repre-
sentation they prefer to answer the question.
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Eletkor Nem: Osztaly:

Eletior Nem: Osztily

2. 1. Az alabbi két térképen ugyanazokat az adatokat két killonbozé médszerrel Abrazoltuk.
1. Az aldbbi két térképen Ugyanazokat az adatokat két kulonbozd modszerrel dbrazeltuk, Vdlaszolj a Valaszol a kovetkez0 ket kérdesre és ird meg, melyik térkepet (A-t vagy B-1) hasznaltad a
kbvetkezd két kérdésre és ird meg, melyik térképet (A-t vagy B-t) haszndltad a vélaszhoz valaszhoz.

- Az orszdg melyik régidjaban a legmagasabb a gimnaziumek szma? - Az orszag melyik régisjaban a legmagasabb az Altalanos iskolai tanulgk szama?

- Hol alacsonyabb a gimnazistak szama: a Nyugat-Dundntilon vagy az Eszak-ASidén?

- Hol alacsonyabb az dltalinos iskolik szima: 2 Kazép-Dunantidon vagy Eszak-Magyarorszigon?

Megiegyzéseki a feladattal kapcsolatban

éseid a feladattal kapesolatban:

Figure 8. Questions and maps in the Hungarian questionnaire

4.2. Organization and results of the survey in Hungary

Two elementary schools (both placed in Budapest) were selected to partici-
pate in the survey. The participation was anonymous, not only for the pu-
pils, but also for the schools. School no. 1 is a small institution in the 2nd
district that can be considered an “average” elementary school. School no. 2
is a nationally recognized, “elite” institution, with a 100 years long high lev-
el tradition in all the fields of education and its’ pupils have won multiple
national and international competitions.

The survey was applied between April and May 2011, counting with the par-
ticipation of 106 pupils (52 from School no.1 and 54 from School no. 2), and
from them 55 were girls (52%) and 51 boys (48%).

The general results of the survey are presented in Table 3, using percent-
ages to present how many pupils selected the traditional or alternative
method of representation to answer a question. Together with the general
results presented in the table, specialists also calculated the partial results
by each question and by schools, which are presented by different diagrams
on the website of the project (http://cartography.tuwien.ac.at/chernoff/).
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Based on these diagrams we can have more genuine background infor-
mation about the results of the survey.

In both tasks the number of correct answers surpassed considerably the
incorrect ones: summing up both schools the 1st task was answered correct-
ly by 97% and 81% of the pupils, while the 2nd task was answered without
any mistake by 98% and 87% of the pupils.

SELECTION OF THE METHOD OF REPRESENTATION IN BOTH SCHOOLS

First task Second task
15" question 2" question 15" question 2" question
T.M. A.M. T.M. A.M. T.M. A.M. T.M. A.M.
All the 78 25 82 21 56 44 54 47
answers | (74%) | @a%) | 77%) | @0%) | (53%) | 42%) | G1w) | (44%)
Difference 53 (50%) 61 (57%) 12 (11%) 7 (7%)
g(':'ty;:; 75 | 25 63 20 54 44 46 44
et 3%) | (24%) | 73%) | @3%) | 52%) | (42%) | @ow) | 47%)
Difference 50 (49%) 43 (50%) 10 (10%) 2 2%)

T.M. — Traditional method of thematic representation
A.M. — Alternative method of thematic representation

Table 3. Comparison of results obtained in both Hungarian schools, considering
the total of answers and only correct answers separately

Analysing the results of both schools can be affirmed that in the 1st task the
largest number of pupils selected convincingly the traditional method of
representation, in this case a stylized bar chart, because this diagram let
them read quicker and clearer the differences between the represented da-
ta. In the 2nd task the results varied and the number of pupils selecting the
traditional or alternative method was relatively the same. In this case more
children were more perceptive to the message transmitted by the Chernoff
faces, which let them recognize quicker and easier the differences of the
represented data than using the two combined traditional methods in the
other map.

Interesting results were obtained when researchers examined the answers
given by each school separately (Figure 9):

e Task 1: In school no. 1 the number of pupils that selected the pictogram
map surpassed 2,1 and 2,3 times the number of pupils that chose the
same map in school no. 2.

e Task 2: In school no. 2 the number of pupils that selected the Chernoff
faces was larger than the number of pupils that chose this method in
school no. 1.
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1st task 2" task

2 2

1st question 2nd question 1st question 2nd question

®MapA ®@MapB wiBoth maps LiNot specified ®MapA #@MapB wiBoth maps LiNot specified

1%t task 2nd task

1st question 2nd question 1st question 2nd question

EMapA ®MapB W&Bothmaps LiNotspecified EMapA HEMapB MBothmaps LINot specified

Figure 9. Results represented by schools (Hungarian survey): The two diagrams
on the top represent the results obtained in school 1, and the two diagrams on the
bottom correspond to school 2 (diagrams were made using only the correct an-
swers)

5. Conclusion

Both research teams worked out suggestions related to the possible use of
Chernoff faces in School Cartography that can be applied in a more general
context. Resuming our proposals we can affirm that:

e The alternative methods of representation (in this specific case the
Chernoff faces and pictograms made following the Chernoff principle)
cannot and should not substitute the role of traditional methods of rep-
resentation in thematic cartography, but they can also play a significant
role in the spreading of map use (reading) for those children and young
people, who by different reasons do not dispose of the knowledge and
practice needed to use the traditional methods of representation with-
out any kind of difficulty.
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e Chernoff faces can be used in atlases and maps made for children in
lower grades of elementary schools. An essential condition for their suc-
cessful use is that that the planning and making of faces should fulfil the
cartographic principles followed by the traditional cartography along
centuries, and they should convey a clear and understandable psycho-
logical message, making adequate use of the feature salience and natu-
ral correspondence (Nelson 1997—2007).

e Chernoff pictograms are recommended to be used in school atlases for
older students, or in atlases working out specific themes for the general
public, because their graphic design can wake up better the attention of
users with less knowledge and practice using maps.

The final results of our project can be accessed on the project website
(http://cartography.tuwien.ac.at/chernoff/), including also more detailed
information: questionnaires, results in tables, etc.

The present project was financed by the European Union and co-financed by the
European Social Fund (grant agreement no.TAMOP 4.2.1/B-09/1/KMR-2010-
0003). The international collaboration was supported by the project ARG-3/2007
and AT-3/2009 of the National Office for Research and Technology of Hungary.
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The evolution of cartographic visualization in
the Digital Era

Laszlo Zentai

Department of Cartography and Geoinformatics, E6tvos Lorand University

Abstract. The development of the digital production techniques were rap-
idly improved around 1980-1990 due to the requirements of desktop pub-
lishing. Both hardware and software components were essential in the de-
velopment of the technology, but the first milestone of this process was the
release of personal computers. In the cartographic visualization, the GIS
technologies were invented in the 1970s. However, for a very long time the
development focused on the input part and on the analysis. The need for
real map production features (to produce paper maps which conform to
cartographic traditions) in GIS software environment was raised after most
of the paper maps were converted into digital ones. On the other hand, the
non-GIS based map production could easily use the development of the
DTP technologies about ten years earlier. The DTP features supported all
those necessary visualization features that were widely used in traditional
cartography.

Keywords: DTP, cartographic visualization, digital cartography, GIS

1. Introduction

To create maps and other cartographic products using digital methods we
should have knowledge not only on cartography, but the knowledge of sev-
eral computer programs (including operation system, file management,
printing) and their relevance for our work. The technology of “analogue”
cartographic production (including map printing) was developed in the
20th century. The production of colour maps became widely used when the
offset printing replaced the other printing techniques (like lithography)
after the beginning of the 20th century. The colour printing technology was
continuously improved, although theoretically it remained the same until
the digital methods were invented. This new technology very soon influ-
enced the visualization of printed maps especially in the beginning, when
the digital technology had some weaknesses.
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2. Early computer maps

Computers became important devices since the 1960s, when more and
more researchers had access to information technology on different levels.
Computers at that time were very expensive devices: only large companies
or state authorities (including research and higher education institutions)
could access them.

One of the main weaknesses concerning the cartographic visualization was
the lack of good computer (graphic) screens. The very early screens were
alphanumeric; they could show only characters, and graphics were not pos-
sible at all.

GIS was initiated in 1960s, when the governmental level statistics in United
States claimed a tool for analysing and visualizing the statistical data. US
Census is one of the best known examples of the early use of information
technology methods in statistics.

William Garrison was a recognized geographer at the University of Wash-
ington, when he came up with an idea to make use of statistics and comput-
ers to study and better understand and represent statistical problems. Wal-
do Tobler, a student of William Garrison invented a model called Map In —
Map Out (MIMO) in 1959, which would apply computers to cartography.
This model was the basis for GIS and contained all the basic features of GIS
software (like geocoding, data acquisition, data analysis) available and in
use today.

The Canada Geographic Information System was developed in the 1960s.
Roger Tomlinson worked at an aerial survey company in Ottawa, focusing
on producing large-scale photogrammetric and geophysical maps. The co-
operation between IBM offices and Tomlinson brought the geographic
knowledge to the table as IBM brought computer programming and data
management. This was the first idea to convert the national land manage-
ment to an IT driven environment.

The most famous institute of the early GIS was the Harvard Laboratories,
which was founded in 1964 by Howard Fisher in Harvard University. The
close relationship to the best known information technology institutes
(MIT, Yale) inspired the research, but in the first years architecture, urban
development and resource management were more important than the ge-
ography based research. Their famous application was the SYMAP (Syn-
agraphic Mapping System) in 1965, which was a set of different modules for
analysis and manipulation of data for production of choropleth or isoline
maps. Fisher called this application as a mathematical cartography, but the

147



term automated cartography was much better accepted in the International
Cartographic Conferences.

Due to the very limited visualization functionality of computer screens, the
main output devices were computer printers. In the 1960s and 1970s, there
was not too much focus on output devices in informatics. At that time, line
printers and matrix printers were nearly the only opportunities to make
output from digitally stored data. These devices were produced to print text
(characters) based on simulating the well-known “output device”, the type-
writer using impact printing. However, these devices were driven by the
computer at a much larger speed than any human could do. What was
much more important in the cartographic point of view is the print size. In
the industrial and scientific environment, where financial resources were
available, such kind of large format line matrix printers and (later) dot ma-
trix printers were used. This large output size (wider than the 80 columns
of an A4 sheet) became available in the 1970s. The SYMAP technology was
used only in research institutes, where line printers were available. This
printing technology has never been used together with personal computers,
although the technology was long time used in business environment. Fi-
nally, the large speed laser printing replaced the old technology. Dot matrix
printers were developed around 1970. The very first printers used 5*7 dot
matrix to form the characters; later the 9*9 dot matrix became standard. In
the 1970s and 1980s, dot matrix impact printers were generally considered
the best combination of expense and versatility, and until the 1990s, they
were by far the most common form of printers used with personal comput-
ers.

Line printer maps were not comparable to professional cartographic prod-
ucts made by traditional map production techniques, but due to the com-
plexity and time consuming of the map production process even the low
quality digital maps were useful. The automatic production of statistical
maps showed also the potential of the GIS, but it was evident that such
maps would not replace the professional looking maps, created by tradi-
tional map production techniques (Figure 1).

The very first special output device used in cartography was the pen plotter.
Compared to nowadays printers, pen plotters were very slow and cumber-
some to use. Users constantly had to worry about a pen running out of ink.
If one pen ran dry at the end of a plot, the entire plot had to be re-done,
which was very time consuming. Plotters could only draw lines; they could
not reproduce raster or photographic images (areas could be filled only with
hatching). Despite these limitations, the high resolution and colour capabil-
ity made the pen plotter the colour hardcopy output device of choice until
the late 1980s, especially in technical drawings and CAD graphics, which
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consisted of simple lines like cadastral maps. Only the inkjet technology has
made pen plotters obsolete.
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Figure 1. Experimental choropleth map of a Hungarian county, created by the
COMAPO software on ICT 1905 mainframe computer (1972)

In drum technology, the papers were fixed and a pen was moved in a single
axis track, and the paper itself moved on a cylindrical drum to add the other
axis or dimension. Where the paper was fixed on a flat surface and the pens
were moved to draw the image was called a flatbed plotter. This type of
plotters regularly can use several different colour pens to draw with.

CalComp was incorporated in 1958. This was one of the first companies in
the United States to market peripheral products designed specifically to
work with computers. CalComp’s appearance coincided with the first wave
of acceptance of computers by such mainstream businesses as banks and
insurance companies. In 1959, the company developed the world’s first
drum plotter, but few expected the instrument to grow into CalComp’s
strongest product line.
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The HP 7470 model was a small low-cost desktop pen plotter created by
Hewlett Packard in the 1980s. It used a revolutionary “grit wheel” design,
which moved the paper held in place by a wheel with embedded grit and a
pinch roller. The HP 7470 had originally only two pens, one on either side.
It was much less expensive than the previous flatbed design, which was very
heavy but had four pens. The HP 7475 used a rotating carousel with six
pens. This design was also scaled up for very large pen plotters (Figure 2).

Figure 2. HP7475A plotter

When the personal computers became affordable, having larger storage
capacity, and GIS software were used more frequently, cadastral maps were
the first map types in state cartography to process digitally. Cadastral maps
were ideal concerning the digital processing: they used only straight lines,
practically no map symbols, no (or very few) areas to fill, and they used only
limited colours. Another advantage of cadastral maps was that these maps
were not regularly copied. Normally, there was only one hand drawn copy
which was updated.

3. The Desktop Publishing

Although the development of GIS was vital for the conversion of cartog-
raphy to digital, one aspect of this process (the output side) is regularly ne-
glected or not mentioned at all. The opportunity of the automation of the
whole map production process became possible with the development of
desktop publishing (DTP) in the personal computer era. The main aim of
the DTP is to manage different text (rich formatted text, tables) and graphic
information (illustrations, equations, photos) of a page in a computer envi-
ronment as it is usually necessary when producing books, magazines or any
other publication (especially where we have lot of different typefaces in var-
ious sizes). Such computer programmes were available for about a decade
before the personal computers were released, but these systems were so
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costly that only very large international publishing companies were able to
afford them (mostly in North America, Japan and Western Europe).

DTP was the individual alternative of the traditional, professional publish-
ing and printing industry. DTP replaced the first part of the very expensive
infrastructure of the printing industry making it a really personal activity:
having a personal computer and a suitable DTP software, one was able to
design any product on the screen. The most important development of DTP
was the invention of the technical part of the process: laser printers were
used for proofing and image setters (laser plotters) for the production of
printing films. Image setters were very expensive, but when the technology
became available around 1985, it was easily available as an affordable ser-
vice (like the photocopy machines). The most significant advantage of DTP
was the integration of the typographic and graphic knowledge of publishing
in software which gave the user enough freedom in the design.
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Figure 3. Aldus Pagemaker 1.0 screenshot (Mac version), source:

http://www.makingpages.org/pagemaker /history/

The first DTP software on personal computers was the Aldus PageMaker
(released in July 1985 for Apple-McIntosh computers and in 1986 for IBM
PCs). The first black and white personal laser printers (HP Laserjet, Apple
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LaserWriter) were also launched at that time (1984-1985). Although these
early laser printers were quite expensive for home users and had only rela-
tively low resolution (300 dpi), due to the special invention, the Postscript
language, the laser printers were essential to use as a proofing device before
we started the printing process in a print shop. Other software products
were also very important, like vector graphics and image manipulation
software, because the DTP offered the integration of different page ele-
ments. However, the manipulation was possible only in the original soft-
ware component (Figure 3).

Postscript is a page description language (developed by Adobe, which was
established in 1982); it was the first widely available product that allowed
for control over a large number of fonts and graphical objects. The main
advantage of Postscript is the device-independency and that Postscript is
not related to any concrete operation system. Postscript devices (laser
printers, image setters) have a raster image processor (RIP), which per-
forms the instructions of the Postscript file, so the quality of the printed
output depends on the resolution of the output device. RIPs were built-in in
the output devices, which increased the price and prevented home users
from affording a Postscript device. Postscript was treated as a professional
application, and Adobe earned considerable amount of money on licensing
Postscript language for printer manufacturers.

Other important feature of the Postscript language, especially concerning
the desktop publishing, is the handling of typefaces as vector structures, so
the characters are scalable and rotatable. Practically, users can manage all
kinds of graphic manipulation. Previously, all industrial DTP systems, dif-
ferent operation systems used raster fonts, which gave very limited options:
only few fonts could be used and only some predefined sizes were allowed
to use. In a later period, more features of raster fonts were added, but the
printing time of these extra elements was very long.

What DTP requested for a computer based system was also useful for map
production. The technological part of map production was a very compli-
cated process: required special and very expensive devices (reproduction
cameras, precise treatment of drawing materials, screens etc.) and the po-
tential human errors were not easy to avoid. For example, in Hungary, at
that time only few state institutes had such infrastructure (Cartographia,
the main and practically the only civil map publishing company, the Mili-
tary Cartography Institute, the Hungarian Geological Survey and the De-
partment of Cartography). The entire map drawing technique was based on
special transparent films, which were produced in Western Europe. When
the whole map production industry changed to the digital production line,
the Western European companies stopped the production of these special
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films. This made the traditional map production process impossible in the
beginning of the 1990s, unless the Hungarian cartographic institutes start-
ed to transfer their map production technique to digital.

4. Screen Maps

Screen map images had a special role in the early digital cartography. These
raster maps were regularly designed for the screen to make cartographers
understand the special requirement of modern visualization.

Such kind of maps were presented even on hobby computers in the 1980s,
but due to the very small screen resolution and colour palette (not larger
than 320%*200 pixels) these images could be used mostly for games only
(Figure 4).

SCORE: @
GH : 8
NACH: BERN

Figure 4. Radarsoft Maps World, a Commodore screenshot (1985)

HI

These early maps were mostly made by computer specialists instead of car-
tographers; cartographers could have been asked to contribute as experts,
but the special requirements of screen maps were very unusual for the tra-
ditional cartographers at that time. The task required some time for cartog-
raphers to be familiar with the digital environment and the very special
limitations.

The screen resolution of the home and personal computers improved rela-
tively slowly in the 1990s, because the manufacturers were rather focusing
on hardware elements like processors, hard disks, and memory chips.

In the early PC era, there were very strict limitations:

e Hard disks were very small; they were not able to store too many images
(the first hard drives with more than 1 GByte were launched in 1992).
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e The screen resolution was limited; this was partly physical limitation,
but was also due to the poor performance of early graphic adapters. The
first colour graphic adapter for PC's was the CGA (Color Graphics Adapt-
er), which was released together with the first PC in 1981. The resolution
was 320%200 pixels with 4 colours. The next standard was the EGA (En-
hanced Graphics Adapter) in 1984, and later the VGA (Video Graphic Ar-
ray) in 1987 (640*4801 pixel resolution with 16 colours).

e Colour depth was also a critical factor in the beginnings. Even in the ear-
ly 1990s, colour palette with 256 colours was the most common, which
was much less than perfect for the photographs and very good quality
images.

e Screen maps were regularly generated in computer software from a vec-
tor database, but they could also be scanned. Scanners were unusual pe-
ripherals at that time. They became more affordable when a fast and
cheap interface between the PC itself and a scanner was developed: this
was the Universal Serial Bus (USB) released in 1996.

The real screen map is optimized for the computer screen. The most sensi-
tive map feature is the text: this should be clearly legible on the screen. Due
to the limited screen resolution, maps should be well generalised. The very
first interactive global map service was the Xerox Parc Map Viewer in 1993
(Figure 5); the program allowed the user’s computer to create on-demand
maps from a geographic database. Each interaction with Map Viewer would
request a new map from the server that was zoomed in on a specific point.
Individual maps were generated in a raster graphic file and presented as a
web (HTML) page.

Map Viewer: world 0.00N 0.00E (1.0X)

Select a point on the map to zoom in (by 2). or select an option below. Please read About the Map Viewer. FAQ and Details.
Options:

o ZoomIn: (2), (5), (10), (25); Zoom Out: (1/2), (1/5). (1/10), (1/25)
o Features: Default. All: +borders. +rivers

» Display: color: Projection: elliptical. rectangular. sinusoidal: Narrow, Square
« Change Database to USA onlv (more detail

« Hide Map Image. No Zoom on Select. Reset All Options

Figure 5. Xerox Parc Map Viewer
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The first CD-ROM atlases were also produced at that time (an American
company, DeLorme produced the first consumer CD-ROM street atlas
called Street Atlas USA in 1991, and the first world atlases were also pro-
duced at that time). CD-ROM was a very important storage device. The 640
Mbyte capacity was comparable to or much higher than the storage capacity
of the hard drives. This large storage space encouraged the software devel-
opers to add contents like audio, photo and video to develop the multimedia
product. Even the manufacturers used raster maps or vector maps in their
CD atlases, but the required storage place was not too large. Such products
were also sold on floppy disks (especially because CD-ROM was not yet
widely used), and most users would buy only the floppy disk version. Hun-
gary produced the first vector based world atlas in 1994 in cooperation with
various institutes (private firm, map publishing company, national insti-
tute). The whole map database was smaller than 10 MB, so the rest of CD-
ROM was filled with photographs. The product was not very successful; the
Hungarian market was not prepared for CD-ROM products.

The screen maps and CD-ROM products lost their importance around
2000, when the development started to focus on the Internet. MapQuest
introduced its online mapping site based on a large database in 1996, which
included most streets in North America.

The actual era started by Google in 2005, when the company effectively
added a map-based search engine through Google Maps, and the stand-
alone Google Earth became a de-facto standard of on-line map services.

The visualization issue of screen maps became important only when the
screen resolution and the colour depth was good enough to be comparable
to traditional paper maps. When this happened, the users continued insist-
ing on having a printing function in the software product no matter whether
it was a special stand-alone product or an Internet service. It is still a chal-
lenging problem to manage a professional on-line service or a commercial
map product also including a perfect printing function.

5. Early digital maps in Hungary

The conversion process of the Hungarian cartography into a digital era was
affected by various factors. Although the limited access of Eastern and Cen-
tral European countries to the high technology of computer products made
it difficult or sometimes impossible to follow the developments, the Hun-
garian cartographers tried to do their best. The first research on automated
map production was carried out around 1972: thematic maps were created
by computer printing (dot-matrix print) and plotters (Figure 1). At that
time, only the state offices had a chance to access IT devices; the govern-
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ment established a special company on servicing governmental needs in
1974. It was a wise decision to concentrate the limited financial resources
(the Hungarian currency was not convertible and Hungary had no many
experts in this field).

The conversion of state topographic maps into digital form started in 1987,
when the 1 : 200 000 scale military topographic maps were digitized in Au-
toCAD environment. At that time all topographic maps were classified (in-
cluding the civil ones), so the digital version (which did not include the con-
tour lines) was not for sale, and was only used in military environment.
Even if it had been available for sale, there were very few PC's in the country
and they were mostly used by state institutes and authorities. The classifica-
tion of state topographic maps was discontinued when the political system
changed around 1990. The digital version of the 1: 100 000 scale civil topo-
graphic maps (EOTR — Hungarian Unified Map System) was much more
influential, because it was digitized by the first and most famous Hungarian
GIS company (Geometria Ltd.). This product was named OTAB (National
GIS Database) and was especially available for sale; the content of that da-
tabase was similar, contour lines were also omitted. This product was wide-
ly used by the foreign and multinational companies, which started their
activities in Hungary at that time.

This was the time when the first paper maps were published by using totally
digital methods. Small map publishing enterprises were formed by the for-
mer Cartographia employees, who had all cartographic knowledge and
market connections. Naturally, it took some years until these cartographers
became familiar with the digital techniques. In the first years, few paper
maps (small city maps) were also made by IT experts, who had no previous
cartographic experience. City maps and road maps were the most common
map types produced by the early digital cartographers.

The first fully digital version was the DTA-50 (Digital Cartographic Data-
base), which was the digital version of the 1 : 50 000 scale military topo-
graphic maps. The digitizing process was completed in 1996. The process
was speeded up by the risk of the Balkan wars; the US Defence Mapping
Agency and NATO provided financial support to the digitizing process.

Hungarian cartography has turned to digital including not only the map
producing, but also the development of GIS companies.
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6. Conclusions

The last two decades of the 20t century were a very challenging era in car-
tography not only in Hungary, but all over the world. The technological de-
velopment, the new digital techniques considerably changed cartography,
gave much more emphasis on the geographic information systems. This was
the time when the technological development partly overshadowed the vis-
ualization part of cartography; most companies were focusing on converting
the existing paper maps into digital form and the importance of visualiza-
tion was re-discovered when the GIS software became capable to manage
enhanced visualization and map production features.
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