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Foreword

The Latin phrase Scientia Est Potentia (KnowledgiegPbwer) was selected as a motto
of the symposium organized jointly by FIG Commissiband Faculty of Civil Engineering
Czech Technical University in Prague on the occasiothe 300th anniversary of the Czech
Technical University in Prague. The symposium idicited to the development of curricula
in geoinformatics, surveying, geodesy and cartdgyap

The origination of a public engineering educationBohemia, Moravia and Silesia was
initiated by Christian Josef Willenberg (1650-173He addressed his petition in Czech
to the Emperor Leopold | in January 1705. WillempeB5 years old, was experienced
in preceptorship and teaching in aristocratic fasjlmainly in Bohemia and France.

After passing examinations in arithmetic, geomettyigonometry and fortification

of an irregular area, the Court Council awarded the Emperor's Engineer title in 1706.
The Emperor Josef | supported Willenberg’'s ideaaltyanscript of 18 January 1707. Two
pages of the transcript are shown on the previageq We consider 18 January 1707 the
day of foundation o€ VUT (the Czech Technical University).

We are organizing our symposium as a part of thdJ CElebrations to the tribute

of Willenberg and technical education, taking pldoeBohemia, Moravia and Silesia
for the continuous period of 300 years.

Ales Cepek

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
Czech Technical University, Prague, Czech Repubte,June, 2007
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David J. Coleman, Peter Dare: Renewing the Geomdtgineering Undergraduate Curriculum at the
University of New Brunswick

Renewing the Geomatics Engineering Undergraduate Crculum at the
University of New Brunswick

David J. COLEMAN, Peter DARE, Canada

Key words. geomatics engineering, education, curriculumfgesional accreditation, land
surveying

SUMMARY

The evolution of the Geomatics Engineering curtaulat the University of New Brunswick
(UNB) over the past forty-five years reflects both) the growth and evolution of Canada's
geomatics profession as a whole; and (2) socidgrisands for a broader and more balanced
education in professional engineering and surveyiigB's new 4-year BScE program and
our concurrent degree program with Computer Scidratl reflect our latest thinking in
terms of the depth and range of geomatics matehalmix between lectures and hands-on
projects, and a strong focus on options for for@alOp employment and/or international
exchanges. Given the increasingly rapid changeglmiperienced today — and seeing how
they are affecting the way traditional and new eyels alike can succeed — we expect the
strong demand for our graduates to continue wiltime future.

1. INTRODUCTION

Originally started as the Surveying Engineeringgpam in 1960, the Department of Geodesy
and Geomatics Engineering's first class of undergtes finished their degree in 1962.
Over the past forty-five years, almost 1200 stuslérdm over 50 countries have graduated
from the Department's Bachelors, Masters and Pligrams after making their own unique

contributions to university life on the UNB campusFredericton, New Brunswick. These

students have gone onto rewarding careers in catasirveying, geodesy and GPS,
photogrammetry, engineering and mining surveyirgpggaphic information systems, land

administration and ocean mapping.

While originally established through the vision ammkrsistence of several leading
professional surveyors, mappers, and educatorsew Brunswick, neither the research
agenda nor the curriculum of the Department has legen tied purely to the needs of any
one particular professional group in any one regbrCanada. Similarly, the curriculum
content and standards have often gone well beyoadd sometimes in a different direction
than — the needs initially expressed by membensrafiessional surveying and engineering
bodies in Canada. That said, the undergraduatgrgan must continue to meet at least the
needs and standards diree different accrediting bodies — the Canadian Ergying
Accreditation Board (CEAB), the Canadian Councilland Surveyors (CCLS), and the
Royal Institution of Chartered Surveyors (RICS).

The undergraduate curriculum has evolved over tharsy with minor modifications to
individual courses and specific streams takingelac a regular basis. Every decade or so,

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
Czech Technical University, Prague, Czech Repubte,June, 2007
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however, more substantial curriculum-wide changegehbeen undertaken which affect the
overall program, the relationships between diffestreams, and overall learning outcomes.

In this paper, the authors describe the effortseriad Department faculty over the past 24
months to update and revise the UNB Geomatics Eeging undergraduate curriculum.
After introducing the demographics of the Departtmeamd a brief summary of the current
curriculum, the authors discuss the drivers cauaing-examination of the curriculum at this
time. The paper concludes with a description ef detail and rationale for the proposed
changes and plans for future revisions.

2. GEODESY AND GEOMATICS ENGINEERING AT UNB
2.1Brief History, Faculty/Student Demographics & Statstics on Enrolment

The Department of Geodesy and Geomatics Enginef@B@dE) is the smallest and newest of
5 Departments in the UNB Faculty of Engineering.offers programs and research in the
fields of cadastral surveying, geodesy and GPS,ineegng and mining surveying,
geographic information systems, land administratiod ocean mapping. Founded in 1962
as the Department of Surveying Engineering, theallepent's current student enroliment
ranges between 110-120 undergraduate and 55-66gpmkiate students, with 9 faculty
members, 7 research staff, and 7 technical andrastnaitive support staff.

Through the 1960s and early 1970s, the undergraduatyram attracted a mix of direct-
entry high school students, mature students alr@acbived in surveying or mapping, and
international students funded by their governmer8tudents typically took the first 3 years
of courses in Civil Engineering or Forestry befalking their final two years of
specialization in what was then known as Surveyrgyineering. Graduates typically
worked for government agencies, utilities, and gievcompanies involved in the creation and
management of large control survey networks ance baapping programs. Very few
graduates worked for small surveying firms.

Until the late 1970s in most Canadian provincesfgasional land surveyors came from a
variety of backgrounds and obtained their licentbesugh a series of examinations followed
by an apprenticeship period. More stringent fdreducation requirements for Canadian
land surveyors began being proposed in the 1950s @lachut [1957]). New criteria for
education and professional entrance requirements discussed in three separate Canadian
Institute of Surveying conferences on surveyingcation held in 1959, 1966 and 1977. By
the mid-1970s, most provinces were re-examiningational requirements for professional
land surveyors [Dobbin, 1999]. In 1975, a spealort to the Maritime Provinces Higher
Education Commission of the Council of Maritime mrers recommended that bachelor's
level university education (or equivalent) was thmimum level of education required for
individuals entering the Land Surveying profesdibove, 1975]. This created a significant
new market — and a different student clienteler-ttie UNB program.

Today, approximately 60% of the undergraduate stisdeome from Atlantic Canada, with
the remainder coming from elsewhere in the couatry overseas. Roughly half of the
undergraduate students in the Geomatics Enginegningram have completed previous
geomatics diplomas at such community colleges asCintre for Geographic Sciences in

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
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Nova Scotia, the College of the North Atlantic ieWwoundland, the Red River College in
Manitoba, and the British Columbia Institute of Meology. For many years, the
Department has been home to a larger number afatienal postgraduate students than
manyfacultieson campus. Since 1961, well over 400 internatishadents from more than
50 countries have obtained degrees in Surveyir@eamatics Engineering from UNB.

A full description of the programs, faculty, resgaand publications is available on the Web
at URL http://gge.unb.ca

2.2 Accreditation Requirements

As a program providing the education for enginearsl professional land surveyors
intending to work in any part of Canada and beyoiind, Department deals with the
accreditation requirements of 3 different profesalobodies. UNB's B.Sc.E. in Geomatics
Engineering degree program is currently accredigethe Canadian Council of Professional
Engineers (through the Canadian Engineering Actagdn Board), the Canadian Council of
Land Surveyors, and the Royal Institution of ChadeSurveyors.

2.2.1 Canadian Engineering Accreditation Board (CEAB)

The CEAB was established by the Canadian CouncRrofessional Engineers in 1965 to
"...accredit undergraduate engineering programs wtpcbvide aspiring engineers with the
academic requirements necessary for registrationaggrofessional engineer in Canada”
[CEAB, 2007]. Conducted once every 6 years, a 3@BAB site visit involves months of
advance preparation and substantial documentatioredch program under review. The
Board's accreditation process is "input-oriented$essing each and every course contained
in a given program in terms of its relative Basiathematics and Science, Complementary
Studies, Engineering Science and Engineering Desagrient in accordance with CEAB
guidelines and criteria. Site visitors apply "mmim-path” criteria to ensure that even the
quickest and shortest route through a given progreeets the minimum requirements.

A copy of CEAB's 2006 Annual Report and supportilaguments may be found on-line a
http://www.ccpe.ca/e/prog_publications_3.cinCEAB's guidelines have ensured that
virtually every university undergraduate enginegriprogram offered in Canada is of a
uniformly high standard. According to the 1999 ieditof The Gourman Reporfl999]
(admittedly now dated), almost all of Canada'’s eegjing programs at the time were ranked
in the top 30% of North American university engineg programs. On the other hand,
ensuring a program meets certain minimum critesraehgineering science and design can
sometimes stifle innovation — particularly in timefen there is disagreement over what
should be included in a discipline like geomatingireering. At present, only two Canadian
universities operate CEAB-accredited Geomatics lewjing programs — UNB and the
University of Calgary.

2.2.2 Canadian Council of Land Surveyors (CCLS)

One of the functions of the Canadian Council ofd&urveyors (CCLS) is to set minimum
national entrance educational standards for apghc@ land surveying licensing authorities.

Scientia Est Potentia — Knowledge Is Power
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Self-governing provincial associations grant liegnso applicants who wish to qualify as a
Land Surveyor within a specific province or temytoand the Association of Canada Lands
Surveyors grants licenses nationally for those iegpts that wish to be able to survey
Canada Lands (this includes national parks, lancereml by water, and aboriginal land).
CCLS carries out accreditation visits to educationatitutions to ensure the program
contains the content at the required level of dify as described in the CCLS syllabus,
while one of the functions of accreditation ‘is.to foster, in co-operation with the
educational institutions, a high standard of suimgyeducation in Canada.[CCLS, 2007].
The GGE Department achieved its initial accreditatvith CCLS in 1985.

CCLS requirements, like CEAB, are very content-elnivand very broad -- requiring
geomatics engineering students to take coursesedffdy the Department of Civil
Engineering (Urban Planning and Site Planning) &eintheir accreditation requirements.
Thus our needs for accreditation places demandshamn departments.

Requirements for accreditation cover the areas wfiaulum, staff, student body, and
physical. It is these curriculum requirements the most relevant for this papélt is
expected that an accredited program will includéaanced, in depth examination of the
appropriate basic sciences and mathematics, sungegnd mapping technologies, social
sciences and the law, management sciences andspiafal studies.’JCCLS, 2007]. What

is “appropriate” is not explicitly specified, althgh CCLS has a model syllabus against
which a program can be examined. To ensure theedeg appropriate, a CCLS
accreditation site visit examines admission stagladegree content, contact hours,
assignments, examinations, and both student anstirydfeedback. Like the CEAB process,
weeks of advance preparation are required.

2.2.3 Royal Institution of Chartered Surveyors

The Royal Institution of Chartered Surveyors (RIQ&3Y a very similar accreditation method
to that used by CCLS and CEAB until the late 199@s, content-driven and requiring weeks
of preparation). At that time RICS started to skpwdllout from the UK a new accreditation
method based upon the meeting of four thresholddstals (entry, employment, teaching
qguality, and research). Successfully passing thetls®sholds enables a “Partnership”
between RICS and the degree-awarding departméaat ¢oeated. This process does not study
degree content. Instead, appropriateness for thfegsion is judged by a high percentage of
the students completing the degree gaining relesaapioyment. In 2003 we were accredited
under the old system (the first degree to be adeckdy RICS in Canada), but we hope to
convert to the new partnership system soon. Patiipedemands are less on the content of
the degree, but increased in the areas of thehiblids This approach requires far less work
from the university, and annual partnership mestiug carried out in a spirit of cooperation.

2.3 History of Changes to Curriculum
The evolution of the Geomatics Engineering curtoulat UNB over the past forty years

reflects both: (1) the growth and evolution of @nadian geomatics profession; and (2) the
respective demands of professional associations flwoader and more balanced education in

Scientia Est Potentia — Knowledge Is Power
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professional engineering and surveying. Figurdsdugh 4 illustrate the composition of the
undergraduate degree programs in 1965, 1975, 189Q@@05 respectively.

W Surveying Measurements &
Analysis
W Photogrammetry

SE-Specific Courses

M Other Engineering & CS

Geodesy / Astronomy / GPS
Basic Sciences & Maths

N\’ Land Administration / Cadastre
W Humanities, Languages & Social
Sciences B Cartography

Adjustments & Analysis
7, Thesis or Senior Technical Report

Fig. 1: 1965 Surveying Engineering Curriculum

W Surveying Measurements & Analysis

= SE-Specific Courses
B Photogrammetry

M Other Engineering & CS
Geodesy / Astronomy / GPS

Basic Sciences & Maths

N Land Administration / Cadastre

M Humanities, Languages % Social Sciences u Cartography
Adjustments & Analysis

B Integrative SE / GGE Courses

7. Thesis or Senior Technical Report

Fig. 2: 1975 Surveying Engineering Curriculum
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W Surveying Measurements & Analysis

GGE-Specific Courses

B Photogrammetry
M Other Engineering & CS Geodesy / Astronomy / GPS
; ; N\ Land Administration / Cadastre
Basic Sciences & Maths
m Cartography
M Humanities, Languages & Social Adjustments & Statistics

Sciences
Geographic Information Systems

Remote Sensing
/ Hydrography
B Integrative SE / GGE Courses
/7 Thesis or Senior Technical Report

Fig. 3: 1990 Surveying Engineering Curriculum

W Surveying Measurements & Analysis

= GGE-Specific Courses ® Photogrammetry
M Other Engineering & CS Geodesy / Astronomy / GPS
M Land Administration / Cadastre
Basic Sciences & Maths
m Cartography
M Humanities, Languages % Social Adjustments & Statistics

Sciences
Geographic Information Systems

Remote Sensing
~ Hydrography
B Integrative SE / GGE Courses
/7 Thesis or Senior Technical Report

Fig 4: 2005 Geomatics Engineering Curriculum wé&siral Survey Option
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Figures 1 to 4 show the evolution of the progranterms of content, with special emphasis
on the Cadastral Survey Option. Officially begenaab-year program, it remained that way
until 1978. Successive versions of the programewekssigned in part to reduce the course
load in order for the typical competent studentb® able to complete the program

comfortably in 4 years. However, course requireiiemnould creep up once again in

subsequent years. While the program credit hoadskdieen reduced from 225 to 180 from
1965 through 2005, exit surveys indicated that estitel were still taking 5-5.5 years to

complete the degree.

Through this period, three major trends may be:seen

1. the overall increase in geomatics-specific consiihe expense of other components
(mainly courses from other Engineering disciplirtag, also from Arts and Humanities);

2. the steady reduction in the treatment of photogratnyrand production cartography —
today, this field of cartography is no longer taughall, and students are introduced to
photogrammetry late in the program as a specidlcagtion of remote sensing; and

3. the increase in program breadth with the steadease in treatments of land
administration, GIS, remote sensing, hydrographg, ‘antegrative" courses which tie
together and apply material taught in the diffeiggamatics streams.

The increasing influence of CCLS accreditation ikeac from the increased land
administration content. The breadth of the cutupureflects the variety of requirements
now faced by different groups of professionals em@da's geomatics community. What is
also interesting is the increasing proportion @f pinogram taughwithin the Department over
the years — largely at the expense of other engimgeeand humanities/languages/social
science courses.

This can be viewed in two ways. On the positivdesthe resulting mix of courses gives the
undergraduate student greater exposure to the threal depth of subjects which now
comprise geomatics engineering. On the other hitaedreduction in external courses gives
students less exposure to wider (and sometimesastimy) viewpoints & values offered by

other courses in other departments and facultiesaopus.

3. DRIVERS FOR CURRENT CHANGES
3.1Internal and Accreditation Related

In 2004, the Faculty of Engineering at UNB begarexamining all nine undergraduate

engineering programs with a view to: (1) addressiogiculum concerns raised by site

visitors in the most recent accreditation visi{®) reducing the content of all programs so an
average student could realistically expect to catephll requirements in 4 years; and (3)
transforming the common first-year and final-yeaurses to streamline and better integrate
material from other courses to create a more @fieeingineering learning experience.

Accreditation issues in GGE raised by CEAB and CGliStors related mainly to: (a)
targeted coverage of selected legal and businessgament issues associated with land
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surveying; (b) paying more attention to open-endgwjineering design issues -- an
interesting challenge in geomatics engineeringd @) devoting greater attention to the
senior technical report and the design project ttaklen by individual students.

Program length had become an issue. As with maahnblogy-based professional
programs, new content had been added over the yearsery little had been removed.
According to exit surveys of graduating studertts, average UNB Engineering student was
taking 5 to 5.5 years to complete a "4-year prograAdding a formal Co-Op work term or
international exchange would increase the time duether. Compared with most other
Canadian universities offering engineering degedgtsnable in 4 years — and at a time when
university student debt loads were increasing -BWtudents were investing more without
seeing any commensurate difference in salary offers national employers.

As part of this, changes were also made to the acamengineering core curriculum in order
to: (a) streamline the program; (b) better intemyridte basic maths, sciences and computer
science courses with early engineering courses) stfengthen the engineering design
component; and (d) introduce and integrate keyt-skifls" -- technical communications,
team-building and project management — into fiesirycoursework and assignments.

3.2Market Feedback

In 2006, the GGE Department engaged an externasuttamt to inform us on future
opportunities and current perceptions of the Depant, and then to provide feedback from
the profession on specific issues including thericulum. The feedback demonstrated a
strong focus on one particular sector of our ovararket. Delivered in January 2007, the
main recommendations relevant to the curriculunfushed:

» Students should have additional business skillswthey graduate;

* UNB's geomatics Engineering program is perceivaatéaluce Land Surveyors, not
Engineers, and this differentiation should be gtieaned,;

* We should teach more on modern systems for sgktalcapture and visualization (e.g.,
laser scanners, LIDAR);

* Replace the introductory level instruction of congsyprogramming languages (e.g.,
C++) with problem-solving software (e.g., MATLABRNd

* Re-form the industry advisory board.

Informal feedback from employers over the yearsfoeces some of these recommendations.
In particular, we are constantly told to teach miousiness skills whilst the technical skills
are at a sufficient level. In addition, of all caccreditations, it is the CCLS accreditation that
currently brings the employers to UNB to hire otwdents. This is likely due to the fact that
most of the employers come to UNB to hire our stisldo work as Land Surveyors in
western Canada, where the economy is currentlyifioung and demand is very high.

4. MAKING THE CHANGES

The collegial process of making changes at UNB {@athably at most universities) tends to
make the process of introducing change extremely,dbut we have made a start.
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4.1Process

We have already discussed the report of the camsltat our annual GGE Department
strategic planning session, and subsequently arttepnt meetings. At the previous year's
strategic planning session, we developed thednadt of a 160 credit hour degree — this was
subsequently finalized at the department lever dfteher discussion. Once approved at the
department level, proposed curriculum changes tia@e to obtain approval from the Faculty
of Engineering Curriculum Committee, the whole Agcof Engineering, then finally the
Senate curriculum committee. This long processsheiph: (1) ensure the opportunity for
sufficient feedback and discussion on proposalst @) enable faculty members to feel
engaged in the decision making process —cruciiegsuccess of change.

4.2 Results

New 4-year degrealNe have developed a 160 credit hour (ch) degraehmiie believe can
be completed in 4 years by the average student.niheber of credit hours per term does
fluctuate, but is never too far from the average206f ch per term. This is a major
achievement, having reduced the degree length byr&fit hours from its 180 ch length in
2005 (requiring many students to spend 5-5.5 yaaldNB). It does, however, place an
additional onus on the faculty members becausevan kigher proportion of the courses are
taught within the Department at a time when reptee® of faculty after retirements has
become a greater issue on campus. A breakdowheohew undergraduate GGE core
program with the Cadastral Survey Option is illastd in Figure 5.

v

Surveying Measurements & Analysis

GGE-Specific Courses M Photogrammetry

M Other Engineering & CS Geodesy / Astronomy / GPS
N Land Administration / Cadastre
Basic Sciences & Maths ® Cartography
Humanities, Languages & Social Adjustments & Statistics
SEIEHEES Geographic Information Systems
Remote Sensing
Hydrography
W Integrative SE / GGE Courses

/ Thesis or Senior Technical Report

Fig. 5: 2007 Geomatics Engineering Curriculum at@stral Survey Option
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Business skillsWe already have at UNB courses in business skilig, there are probably
two reasons why students were not following thesarses: (1) the courses would be
additional to the 180 ch degree, thus further iasirey the length of stay at UNB, and student
debt, and (2) they were unaware of the coursesheR¢han integrate any additional courses
into the core program itself, we held a speciabiinfation lunchtime lecture for students so
that they are aware of the Faculty of Engineeriiotha in Technology Management and
Entrepreneurship, and the minor in Business offetsd the Faculty of Business
Administration.

New Technology:We are creating a new team-taught elective courssomepassing
terrestrial laser scanners, LIDAR, GNSS, multibeamd 3D visualization. We intend to
emphasize the similarity of the measurement teclasigso that when new measurement
techniques are developed in the future, the stedeitit be able to identify the principles of
the measurement system and so be able to plaefi@ircerror sources and limitations.

5. TOWARDS THE FUTURE

As we continue to move forward with our new 4-y260 ch degree, we continue to rethink
what we should be offering considering enrollmesguirements at UNB, and providing an
excellent service to our students.

The Department is at the very early stages of densig offering a new 3-year non-

engineering degree program in addition to our gggprogram. This degree, to be accredited
by CCLS and maybe RICS, would be designed serveetlstudents wishing to pursue a
career in Land Surveying but not professional emglimg. As mentioned earlier in the paper,
many students transfer into the diploma prograntmfl@ommunity colleges, and having a
shorter degree still recognized by CCLS may terhpsé students to come to GGE directly
from high school. Assumptions are still being édsaind internal discussions are currently
underway.

We intend to make efforts to change the percepiowhat our students can do when they
graduate. Through a combination of an e-newslétteompanies, alumnae and schools, and
announcements in the Canadian Institute of Geomatiblication ‘Geomatica’, we hope to
inform these groups on the type of engineering waurk students can do in addition to land
surveying. We hope that this will encourage morgleyers outside of land surveying to
look to GGE for their future employees, and — tiglowschools — let future students know
what opportunities exist after completing the ugdaduate degree.

As we look to the future, it is worth mentioningr@ehat we plan to increase our attention on
our M.Eng. degree. Offered as a graduate degre@letad through graduate courses only,
we plan to restructure this degree to possiblyraffeirses over a one month duration, with
the degree being completed over 12 months. Iniaddid offering this in Fredericton, we are
at the early stages of investigating the feasjbitift offering this from an overseas UNB
campus.

There are some interesting times ahead!
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Promoting the Interaction between Education, Reseah and Professional
Practice

Stig ENEMARK, Denmark

Key words: surveying education; curriculum development; pssfonal competence.
SUMMARY

Curriculum development is the key to the futuraslan ongoing process and it is crucial to
both the educational institutions and the socidtgytserve. This relates especially to
educational programs designed to professionals asithe surveyors.

There is no doubt that the main challenge of thtaréuwill be that the only constant is
change. To deal with this constant change the d¢idneh base must be flexible. The
graduates must be adaptable to a rapidly changabgul market. The point is that
professional and technical skills can be acquimredl @pdated at a later stage in ones career
while skills for theoretical problem-solving andillk for learning to learn can only be
achieved through the process of academic trainiigeauniversities. The focus should be on
educating for life - not for short term skills.

The paper touches on a range of issues and letessmms with a special emphasis on ways
and means of building professional competence irawrriculum development. The basic
argument is that development, maintenance and eehsant of professional competence
should be seen as a process facilitated througéffarient interaction between education,
research and professional practice.

1. INTRODUCTION

Let me start by presenting some key internatioraids in surveying education. These are
presented previously (Enemark and Prendergast,) 20@1hey are still very valid and actual.
In a short version, the trends are as follows:

Management skills, versus specialist skillsTechnological developments take the skill out
of measurement and the processing of data. Almmysiralividual can press buttons to create
survey information and process this informationautomated systems. In the same way,
technological developments make GIS a tool avalablalmost any individual. The skill of
the future lies in the interpretation of the data & their management in such a way as to
meet the needs of customers, institutions and camtras. Thereforemanagement skills will
be a key demand in the future surveying world.

Project organised education, versus subject basedgcation. An alternative to traditional
subject-based education is found in the projectmnisged model where traditional taught
courses assisted by actual practice are replaceudpgct work assisted by cours@se aim
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is broad understanding of interrelationships ane #bility to deal with new and unknown
problems.In general, the focus of university education $thdne¢ more onléarning to learn”.

The traditional focus on acquisition of professioaad technical skills (knowing how) often
imply an “add-on” approach where for each new iratimn one or more courses must be added
to the curriculum to address a new technique. drgaied that this traditional subject-based
approach should be modified by giving increaseenstin to entrepreneurial and managerial
skills and to the process of problem-solving oiargific basis (knowing why).

Virtual academy, versus classroom lecture courseShere is no doubt that traditional
classroom lecturing will be supported by or eveplaeed by virtual media. This trend will
challenge the traditional role of the universiti@fe traditional focus on the on-campus
activities will change into a more open role of\darg the profession and the societhe
computer cannot replace the teacher and the leppmotess cannot be automated. However,
there is no doubt that the concept of virtual aocageepresents new opportunities especially
for facilitating for process of learning and undargling and for widening the role the
universities. And the www techniques for coursevéel on a distant learning basis represent
a key engine especially in the area of lifelongnésy programmes.

Lifelong learning, versus vocational training. There was a time, when one qualified for
life, once and for all. Today we must qualify camdty just to keep up. It is estimated that
the knowledge gained in a vocational degree cooasean average useful life span of about
four years. The concept of lifelong learning or twamng professional development (CPD)

with its emphasis on reviewing personal capabdia@d developing a structured action plan
to develop existing and new skills is becoming mdreasing importance. In this regard,

university graduation should be seen as only tist $tep in a lifelong educational process

2. GLOBAL DRIVERS FOR CHANGE

The trends presented above all relate to the chdegeging from the global drivers for

change in the spatial information world. These lbandentified as technology development,
micro-economic reform, globalisation, and susta@alilevelopment (adapted from
Williamson and Ting, 1999). These global driversrdiore also affect the profile of the
surveying profession and they challenge the whdleational basis of the profession. The
global drivers are as follows:

Technology developmentis the major driving force in changing the facetbé spatial
information world. The GPS technologies for measytave revolutionised the traditional
surveying discipline and the high resolution sdtelimagery tends to revolutionise the
mapping discipline. The database technologies torage of large data sets and the GIS
technologies for data management, analysis andpumlation arguably have had the greatest
impact on the spatial information environment. Amd the future the communication
technologies such as the WWW and the Internet beitome the focus of attention for
viewing and using spatial data. However, it must dsknowledged that technological
development is not the only driver.

Micro-economic reform in many countries has had a dramatic impact on sihatial
information environment. The micro-economic refoimtiatives represent the institutional
and governmental side of the changes observedglthelatest two decades. This includes
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initiatives such as privatisation, decentralisatidownsizing, cost recovery, performance
contracts, quality assurance, public/private pastmp, and other policies to ensure service
delivery and cost effectiveness. These initiatihvese changed the focus from the pure
technological issues to include also the more meamagcomponents of building and

maintaining national spatial data infrastructures.

Globalisation is becoming a reality driven by IT and communigatitechnologies. A
globalised world is one in which political, econamgultural, and social events become more
interconnected. The process includes that eventménpart of the world increasingly have
potential to impact on people and societies in roffaets of the world. Globalisation widens
the perspectives from the local to the global leVélis should lead to a world movement
towards improving the quality of lives of people thynking, working together on common
concerns. Globalisation has a social, economictigall as well as an educational dimension.
The www - and mash-ups such Google Earth — arenib&t graphic example of this trend,
even if the full potential of the web as an edwarai resource is still to be seen.

Sustainable developmentvill be a driving force in policies developed thgh the decades

ahead. Sustainable development means developnangftectively incorporates economic,
social and environmental concerns in decision ngakon development which thereby should
“meet the needs of the present without compromigiegability of future generations to meet
their own needs” (World Commission, 1987). The essfonal areas of land administration
and, more generally, land management include aecisiaking of such a multidisciplinary

nature to be carried out at national, regionallandl level of government.

Taking these global drivers into account, it issmoprise that changes are taking place in the
definition and nature of the surveying education,waell as the surveying profession and
professional practice. Changes in technology astitinional frameworks may provide new
opportunities for the surveying profession, butythell also be the destroyers of some
professional work. The challenges will be to insggrmodern surveying technology into a
broader process of problem solving and decisionimgak

This leads into the understanding that surveyingication can no longer rely on
measurements skills in relation to engineering eadastral surveys. There is a need for
changing the focus from an engineering disciplindoi a more managerial and
interdisciplinary perspective. The strength of quofession lies in its multidisciplinary
approach supported by skills for mediation andgmbjnanagement. The strength lies in the
combination of technical, legal, and managerial petance when dealing with development
opportunities and property rights and restrictions.

Curriculum development in Surveying (or Geomatiskpuld therefore be designed in a
fruitful cooperation between the responsible facblbard, the faculty research staff; and the
professional stakeholders in terms of the profesdicurveying institution and relevant
employers of the graduates. This interaction sheuslure that curriculum development is
carried out in response to professional and sdaietds.
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3. EDUCATION, RESEARCH AND PROFESSIONAL PROCTICE

A successful educational system depends on a chepseve interaction between education,
research and professional practice. This dynanteraction is shown in figure 1 below
(Kjaersdam and Enemark, 1994).

PRACTICE e RESEARCH

Main fields Practical Pure Science
New fields problems Applied Science

EDUCATION

Disciplinoriented
Problemoriented

Fig. 1: The interaction between education, reseanchprofessional practice

Practice can be defined as specific fields or tasisin society that conform professional
functions which are carried out by professional da@caics such as surveyors or civil
engineers. In a society of increased complexity piefessionals continually face new
problems and new challenges in practice. The toadit way to deal with these challenges is
through in-service training, professional semingigylication of articles, etc. However, this
method of development is a rather slow process. dihgwers, or even the problems
themselves, may no longer be of current relevarfeenvthe solutions are found. And, at the
same time, society is still developing new problevhsch require new solutions.

Therefore, in order to make improvement researcheatucation should be involved in the
development process in order to establish a dynartecaction as shown in fig.1. Research
is needed to produce theoretical answers, andplatekvith education is needed to produce
graduates who are capable of producing practicalvars by applying new knowledge and
skills when dealing with the new and unknown praideof the future.
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3.1Problem solving and applied science

Applied science is used mainly to deal with proldethat can be observed in the “real
world”. Applied science is problem-oriented by matuThe scientific process of such
problem-oriented research can be described as simofigure 2.

Practical solution

Theoretical explanation

Theoretical problem

Practical problem

Impressions, assumptions and theories

Fig. 2: A model for problem-oriented research.

As a basis for attaining a conscious perception lvawe a number of impressions,
assumptions, and theories built into our languagéure, professional practice and way of
life. It is those impressions, assumptions, andrile that guide us in our professional lives.
But sometimes we face situations where they amepaate or insufficient and then practical
problems arise.

The practical problem can be a symptom that somgtis wrong with our theories and
assumptions. As a consequence, the practical propteduces a theoretical problem as to
why there is a practical problem. The solution tthe@oretical problem is a new theory that
explains the problem. If the theoretical explamatid the causes of the practical problem can
provide a solution to it, there is strong evideticat the theory is valid. What is described
here is the dynamic interplay between practice esskarch, where practice produces
practical problems (inter alia) and research prediubeoretical possibilities and answers by
producing new knowledge.

Applied science is in principle restricted to death the problems that are recognized in
practice and identified outside the scientific wlorhpplied science then has the freedom to
apply any theory or method that may be relevantstiving the problem. In contrast, pure

Science is normally limited by specific paradigntenms of choice of theory and methods to
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be used. This dialectic interplay between Applied #ure Science provides for scientific
progress.

This scientific interplay produces new paradigmewrtheoretical explanations, and new
practical solutions. But it often takes many yearsaichieve these innovations. Therefore, to
produce graduates with relevant qualifications ¢aldwvith the problems of the future the
faculty must be composed by active researchers dlsp indicates the need for integration
between education and research and professionaiqeaTo pursue this aim, it is essential
to design curricula which are flexible and easiptable. Then, the curricula will be able to
deal with the most actual professional problemsthed current implications in society.

3.2 Educational innovation

Traditional higher education has been focused de+bvased disciplines with independent
identities in their own contexts. In the disciphogented education, the special disciplines
and theories, which are considered necessary/rglévathe specific subjects, are normally
taught by means of set textbooks and lectures siudents become experienced in the use of
these disciplines and theories through the exex@sd case work that support these theories.
The aim is specific knowledge in certain fields ata@ndard solutions to standard problems.
This system functions quite well in a stable sgcighere the individual functions and tasks
are reasonably standardized.

In contrast, problem-oriented education is basedwonking with relevant, current and
unsolved problems from society/industry/real liBy analysing the problems in depth the
students learn and use the disciplines and theevlgsh are considered necessary and
relevant to solve the problems posed, i.e. the lpnog defines the subjects and not the
reverse. Organizing problem-oriented education uino project work allows groups of
students to choose problems and to try to analgdesalve them. Through the project work
the students should acquire the necessary baswl&dge by means of literature and lecture
courses and, at the same time, develop the ahilifprmulate, analyze and solve relevant
problems. In principle, it can thus be ensured thatgraduates are capable of handling also
the unknown problems of the future.

Educational innovation can then be achieved by deiware of the necessary dialectics
between discipline and problem oriented educafitre disciplines and their related theories
are necessary for the graduates” fundamental aca@dem professional basis. On the other
hand, the problem oriented project work is necgssar order to understand the

interdisciplinary character of the problems in istiyw/society/real life, and to enable the
graduates to deal with the new and unknown probleinise future. The aim is broad insight
into and understanding of the connections betweiareht fields and skills in order to be

able to function in an ever-changing and incredgimgore complicated society (Enemark,

2002).

4. LEARNING TO LEARN

One of the main challenges of the future will b@toept that the only constant is change. To
deal with this constant change the educational basst be flexible. Graduates must possess

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
Czech Technical University, Prague, Czech Repubte,June, 2007

26



Stig Enemark: Promoting the Interaction betweendatan, Research and Professional Practice

skills to adapt to a rapidly changing labour marked they must possess skills to deal even
with the unknown problems of the future. Profesaland technical skills can be acquired
and updated at a later stage in one’s career skilis for theoretical problem-solving and
skills for “learning to learn” can only be achievedrough academic training at the
universities.

A number of research studies (e.g. Coleman, 1983 bonfirmed that students retain only 10
per cent of what they read and only 20 per cemtwdt they hear. However, if a problem is
simulated, then up to 90 per cent of the lessasiéel may be retained. This finding is behind
the shift in the pedagogical doctrine toward projeork and problem-based learning. It
emphasizes learning instead of teaching. Learnsngot like pouring water into a glass.
Learning is an active process of investigation arehtion based on the learners’ interest,
curiosity and experience and should result in egdpdnnsights, knowledge and skills (Kolmos,
1996).

A consequence of this shift from teaching to laagnis thatthe task of the teacher is altered
from the transferring of knowledge into facilitaginearning. Project work also fulfils an
important pedagogical objective. Student must be t@bexplain the results of their studies and
investigations to other students in the group. Bki§ appears to be vital to professional and
theoretical cognitionKnowledge is only established for real when onabie to explain this
knowledge to otherdn traditional education the students restore Kadge presented by the
teacher. When the project organized model is utdes knowledge is established through
investigations and through discussion between tildeat members of the project group, and
mainly without the presence of the teacher.

5. PROJECT-ORGANIZED AND PROBLEM BASED LEARNING

The PBL approach applied at Aalborg Universityaghbproject-organised and problem- based.
In order to provide for the use of project work tae basic educational methodology the
curriculum has to be organised into general subjectthemes” normally covering a semester.
The themes chosen in a programme must be gendraliseich a way, that the themes in total
will constitute the general aim or professionalfiigoof the curriculum. The themes must
provide for studying the core elements of the stibjencluded (through the lecture courses
given) as well as exploring (through the projectrkyathe application of the subjects in
professional practice. The principles of projedamised and problem-based learning are
shown in figure 2 below (Kjaersdam and Enemark4).99

Real life problems are not defined in surveyingieagring terms. Therefore Problems
analysis and formulation of the problem in survegyemgineering terms is important before
staring the problem solving problems. Through fmgcess the students also develop skills
for communications and documentation of the resulis is the case in real life.

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
Czech Technical University, Prague, Czech Repubte,June, 2007

27



Stig Enemark: Promoting the Interaction betweendatan, Research and Professional Practice

Literature Lectures Internet

PROBLEM PROBLEM

ANALYSIS SOLVING REPORT

Tutorials Field Work Experiments

Fig. 3: Principles of project-organised and problesmsed learning

Project-organizedmeans that traditional taught courses and lalbspigaced by project work
assisted by lecture courses. The project-organzmtcept moves the perspective from
description and analyzing into synthesizing an@s@sent. The concept is based on a dialectic
interaction between the subjects taught in theifeatourses and the problems dealt with in the
project work. Each term has a basic structure aantg in principle, equal distribution of
lecture courses and project work. But the studtismdominated by lecture courses at the
beginning of the term and by project work at thd.érhe project work is carried out by groups
of four to six students having a teacher appoiatetheir supervisor.

Problem-basedmeans that traditional textbook-knowledge is regth by the knowledge
necessary to solve theoretical problems. The pmolbiased concept moves the perspective
from understanding of common knowledge into abiiitydevelop new knowledge. The aim of
the project work is "learning by doing" or "actidearning”. The project work may be
organized by using a "know-how" approach for tragnprofessional functions, or it may be
organized by using a "know-why" approach for tnagnimethodological skills of problem-
analysis and application. The former is normallplegal in first half of the curriculum where
the necessary disciplines are taught in the lectateses. The latter is applied in the second
half of the curriculum and is supported by lectaoeirses presenting the necessary theories
within the specific professional areas.

The difference between traditional subject-orienteducation and this project-oriented
educational model may be expressed in short byda@linese proverb:

"Tell me and | will forget

Show me and | will remember
Involve me and | will understand
Step back and | will act"
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5.1 Curriculum design

In order to provide for the use of project workaabasic educational element the curriculum
has to be organised into general subjects or "teénmmally covering a semester. The themes
chosen in a programme must be generalised in susfaya that the themes in total will
constitute the general aim or professional praffléhe curriculum. The themes should provide
for studying the core elements of the subjectsugted (through the lecture courses given) as
well as exploring (through the project work) theplagation of the subjects in professional
practice. The curriculum for educating charteredeyors in Denmark (Fig 4.) may be used as
an example to illustrate the selection of themesvels as to explain the adaptability of the
educational model.

Final Thesis 10t semester

Internship - International Exchange - project work at AAU 9*semester

Measurement Spatial Information Land Manamagent 8" semester
Science Management

7*semester

Cadastral Management 6t"semester
Land Surveying 5t semester

Large Scale Mapping 4tsemester

Spatial Planning and Land-Use Management 3rsemester

Basic Studies 2ndsamester
Basic Studies 1 semester

Fig. 4: The curriculum for educating chartered syors at Aalborg University, Denmark
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Each semester has a basic structure containingginniple, an equal distribution of lecture
courses and project-work. But the study-time is idated by courses at the beginning of the
semester and term and by project-work at the end.

There are two types of lecture courses: curriculalated courses and project related courses.
The aim of the curriculum related courses is taldsth the necessary fundamental and general
scientific knowledge in relation to the curriculuithe aim of the project related courses is to

deal with the theoretical and professional contehthe theme. The professional and discipline

oriented approach dominate the lecture coursesdgivéhe undergraduate studies, while the

theoretical and scientific approach dominate lectgurses given at the graduate level. In the
entire curriculum 50% of the study time is spendoanject, 25% on lecture courses related to

the project work, and 25% on lecture curses reltéke curriculum.

The aim of the project-work is "learning by doirg""action learning”. The professional skills
are established during the discipline-based projeck, which is dominating at 3-6 semester.
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The professional cognition and the methodical slalle established during the problem-based
project-work at 7-10 semesters where the abilityasfying out independent investigations on a
scientific interdisciplinary basis is trained. Alsthe ability of presenting independent
conclusions and the ability of finishing the prajectime is trained. In fact the process of the
project-work at this stage is very similar to tlielgem-solving process in practice.

6. THE ONLY CONSTANT IS CHANGE — CASE STUDY DENMARK

The professional profile of the Danish surveyomaisombination of technical, judicial and
design areas. The profile thus is a mix of an exgjina layer and an architect. The
professional fields then consist of three areasresting and mapping, land administration
(including cadastral management), and land managger(iecluding spatial planning).
Cadastral tasks are the monopoly of licensed sorgap private practice, and the role of this
private surveyor has traditionally epitomised thanBh surveyor. However, both the
structure of the surveying profession and the [gaff the Danish surveyor are turned upside
down through the latest two or three decades.

Since the late 1960°s the Danish Association ofr@éhed Surveyors has carried out a survey
of the surveying profession every 10 years statm@967. The changes taken place over
these 30 years and especially over the latest egadks are quite remarkable. The evolution
of surveying profession in Denmark is shown infigare 5 below.

600

Surveyors employed
(outside the survey firms)

500

400

300

Private practice
200 owners

100 { e—— e ~— Private practice
employed surveyors

0

1967 1972 1977 1982 1987 1992 1997 2002 2007

Fig. 5: The evolution of surveying profession infbeark

In 1967 the number of surveyors working in the at@/surveying firms accounted for about
two thirds of the total profession while surveyersployed in the public sector or in other
private business accounted for only one third.987Lthe situation is reversed. Two thirds of
the profession is employed outside the private esting firms. During these 30 years the
number of active surveyors is doubled from abol@ #61967 to about 850 in 1997. This
means that the growth is located within the surveywmployed in the public sector or other
private business while the number of surveyors wgrkn the private surveying firms has
been more or less steady over during the last dGsy&nemark, 2003).
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Over the same period, the general professionallprods changed completely. In 1967 and
still in 1977 the profile of the Danish surveyorsm@ominated by the cadastral area while in
1997 it accounts for only 20 percent of the totarking hours. In 1997 the distribution was
as follows: Planning and Land Management 23 %, SaalaWork 20 %, Mapping and
Engineering Surveys 26 %, and “Other Areas” 31%xtNe the decrease in the cadastral area
it is remarkable that the biggest area in 1990¢ated outside the traditional working areas.
These “other task areas” include general managengeniral IT-development, and other
business developments. The evolution of the prafeakprofile in Denmark is shown in the
diagram below. It will be interesting to see thsules of the next survey being carried out in
2007 (Enemark, 2003).

%
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PLANNING AND
80 LAND MANAGEMENT

CADASTRAL WORK

60

MAPPING AND
ENGINEERING SURVEYS

40

20 -

1967 1977 1987 1997
N =458 N =623 N =729 N =832

OTHER AREAS

Fig. 6: The evolution the professional profile & tDanish Surveyor

The changes shown above are significant and musbufse be reflected in content and
structure of the educational base. In fact, thengha have been coped with rather easily
within the profession and also with regard to #@golur market. It is safe to assume that this
is mainly due to the flexible and easily adaptaddecational model that was introduced in
1974 when the surveying programme was moved frarRibyal Veterinary and Agricultural
Academy in Copenhagen to a new university estaddish Aalborg.

7. THE EDUCATIONAL CHALLENGE

The developments as discussed above have a sagifclucational impact. There is a need
to change the focus from being seen very much angimeering discipline. There is a need
for a more managerial and interdisciplinary foclise strength of our profession lies in its
multidisciplinary approach.

Surveying and mapping are clearly technical digogd (within natural and technical
science) while cadastre, land management and kjpddianing are judicial or managerial
disciplines (within social science). The identity the surveying profession and its
educational base therefore should be in the manageof spatial data, with links to the
technical as well as social sciences.
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The universities should act as the main facilitatathin the process of forming and
promoting the future identity of the surveying msdion. Here, the area GIS and, especially,
the area managing geographical and spatial infeomahould be the core component of the
identity. This responsibility or duty of the uniedres, then, should be carried out in close co-
operation with the industry and the professionstfitations.

The challenge of the future will to implement thewn IT-paradigm and this new
multidisciplinary approach into the traditional edtional programmes in surveying and
engineering. A future educational profile in thiea should be composed by the areas of
Measurement Science and Land Administration angatgd by and embedding in a broad
multidisciplinary paradigm of Spatial Informationadagement. Such a profile was promoted
at the FIG/CLGE seminar on Enhancing Professiomah@tence of the Surveyor in Europe,
held in Delft, November 2000, and increasinglyeiéss to become generally accepted world
wide. The profile is illustrated in figure 7 belq&nemark and Prendergast, 2001).

MEASUREMENT INFS(;RAI-\I-/II:'II:ION LAND
SCIENCE MANAGEMENT MANAGEMENT
J

|

[ Design/build/manage the natural/built environment and }

connected spatial/legal rights

Fig. 7: The educational profile of the future

Both in Europe and in US there are examples ofesfiimg programs being closed down due
to the fact that they have insisted on maintaitigtraditional technical focus and have not
changed to comply with a more interdisciplinary mgeh. On the opposite, programs that
have changed to comply with a broader and moredisi@plinary approach seem to flourish.

The affiliation with engineering science has serttegl surveying discipline well. However,
the future will possibly rather point at an alli@nevith Geography based on Spatial
Information Management and focusing on Land ManageniThere will still be a need for
teaching the basic skills within measurement angpimg, and it should still be possible to
specialize within these areas. We must, howevegvimre that the GPS technology makes
these disciplines available also for many othefgasions and for non-professionals as well.

8. THE MANAGERIAL CHALLENGE

The managerial challenge relates to a range oéssthat will all have an impact on running
the programmes. Three key areas can be identifigelins management challenges:
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Structural changes.These may relate to changes in departmental stascthat may impact
the educational profile; available resources aveagd a key factor and these may not be
stable; and the student base may vary a lot owely#ars. At national level changes may
occur in relation to governmental responsibilitiggerformance criteria, and resources
allocated to the universities. International agreets, such as the Bologna Agreement within
the European Union, may also causes a whole rahgguztural changes that impact both
the educational profile and the way it should beagged. Structural changes often jeopardise
educational programmes and call for leadershipdimguon visions, processes, and outcome
in terms of professional competence of the graduate

Quality assurance.The capability and the quality of the programmesudth be assessed
continually within the educational system itselficB a system of internal monitoring serves
the purpose of quality management with regard &rtlevance and quality of the lecture
courses as well as the quality of the entire seenesincerning supervising, organisation and
resources. Ideally the system of quality managemséould be built into the educational
model, and the processes should be described Haadbook of Quality Control”. These
processes should be carefully designed to undatimeommon responsibility for improving
the quality of programmes as well as the qualitytlod total study environment. The
development and implementation of such a systerhamcally about creating a quality
culture (Enemark, 2000). The students play a vewy fole in the process. The students at
each semester should understand that only byliindfithe duty of a serious evaluation of the
past semester they can enjoy the benefits of comimgran improved up-coming semester
themselves. Procedures for quality assurance ameish and, ideally, they should form an
ongoing circle of quality improvement (see FIG pciion no. 19, 1999)

Accreditation, monitoring and assessment.Procedures for accreditation vary a lot
throughout the world and also within regions of therld. Basically accreditation is about
evaluating whether a certain program meets somé&min standard criteria. Such systems
of accreditation tend to become the norm at natiasavell as international level. Design of
an adequate system of quality assurance is imgartaiiis regard. It is also important to
establish adequate systems of monitoring the labwarket both in terms of employment of
the graduates and in terms of the whether the ctampes of the graduates meet the demands
of the various employment areas. Such documentaiancreasingly important as a tool of
justification but also as a tool for strategic mgeraent and curriculum development.
Assessment of such monitoring should be carriedimwtooperation with representatives
from the employment areas e.g. by establishing Adivisory Board” with representatives
from the key employment areas, representatives frenfaculty staff, the students, as well
the professional association. Such a forum maydismss the balance between the different
areas in the program, and thereby identify any sided adjustments in relation to the
demands of the various employment areas. The famawy also discuss the interaction
between the university program and various ac#sitiof continuing professional
development.

9. THE PROFESSIONAL CHALLENGE

The term professional competence relates to asstduan expert. This status cannot be
achieved only through university graduation andcannot be achieved solely through
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professional practice. University graduation islonger a ticket for a lifelong professional
carrier. Today one must qualify constantly juskézp up. The idea of “learning for life” is
replaced by the concept of lifelong learning. Nnder can “keeping up to date” be optional,
it is increasingly central to organisational andfpssional success.

The response of the surveying profession, and noémgr professions, to this challenge has
been to promote the concept of continuing profesdiaevelopment (CPD) as a code of
practice to be followed by the individual profesgts on a mandatory or voluntary basis.
Maintaining and developing professional competeiscef course the responsibility of the
individual practitioner. This duty should be exesliby adopting a personal strategy which
must be followed systematically. Implementatiorso€h a plan, however, relies on a variety
of training options to be offered by different ceaproviders, including the universities (see
FIG publication no. 16, 1996).

[ d h)
MEASUREMENT e LAND
SCIENCE MANAGEMENT MANAGEMENT
| § )

Design/build/manage the natural/built environment and
connected spatial/legal rights

PROFESSIONAL
PRACTICE

. 4

PROFESSIONAL
COMPETENCE

N

LIFELONG
LEARNING

CPD ACTIVITIES
UPDATING/CARRIER DEVELOPMENT/FURTHER EDUCATION

Fig. 8: The professional competence model

The individual practitioner should be able to retya comprehensive CPD concept which is
generally acknowledged by the profession and wihscleconomically supported by the

industry (public as well as private). Furthermadiee practitioner should have a variety of
training and development options available for iempéntation of his or her personal plan of
action. The options should be developed by theassities offering for example one-year

masters courses as part time studies based omafskzarning; and also by private course
providers offering short courses for updating amgt-jn-time training. These options should
be developed in co-operation between the univessitthe industry and the professional
associations.
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Furthermore, the individual practitioner should di#e to rely on a comprehensive concept
for getting his or her professional competence ga®ed in a regional and global context.
There is an attraction in developing and extengunch a principle of Mutual Recognition of

Professional Qualifications. Mutual recognitionoals each country to retain its own kind of
professional education and training because itaset), not on the process of achieving
professional qualifications, but on the nature godlity of the outcome of that process. In
turn this should lead to enhancement of the glpbaflessional competence of the surveying
profession. And the national associations as wetha universities should play a key role in
facilitating this process (see FIG publication 88, 2002).

In short, enhancement of professional competeresren an efficient interaction between
education, research and professional practiceatiithte this interaction — based on mutual
respect - is the true challenge of the new millenmi

10. FINAL REMARKS

Even if the content of surveying curricula may vastween countries, some general trends
can be identified. There is clearly a trend towartseased focus on managerial issues and
the acquisition and application of interdisciplipgroblem-solving skills. Regarding course
delivery, there is a trend towards increased ugg@éct-based education as well as skills for
teamwork, co-operation and communication. And wabel learning tends to become an
integrated tool for course delivery.

The challenge of the future will be to apply thevnd-paradigm and a new interdisciplinary
approach to surveying education. Furthermore,aukhbe recognised that the only constant
in the future is change. To deal with such sigalficchange the educational base must be
flexible. The graduates must process skills to aittaja rapidly changing labour market and
they must process skills to deal even with the omkn problems of the future. Therefore,
skills for learning to learn have become incredsiegsential.

The paper identifies three major challenges in $ewh curriculum development. These
relates to the educational profile, the managegadlifications, and the professional
competence of the graduates. Each of these chalea@nalyzed in some length.

The paper states that curriculum innovation esaintilepends on establishing an efficient
interaction between education, research and piiofeslgractice as the key driver.
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ABET Accreditation Criteria for Surveying/Geomatics Programs in the US

Steven FRANK, USA

Key words: professional education, accreditation
SUMMARY

The Accreditation Board for Engineering and Tecbggl (ABET) is an association of US
professional societies that sets criteria that fatewed by many of the US surveying
programs. The American Congress on Surveying aagdihg (ACSM), one of the two
members of FIG, is a member of ABET. ABET consistscommission that oversee
different types of programs. The 4 commissionshinitABET are the Engineering
Accreditation Commission (EAC), the Applied Scierfgecreditation Commission (ASAC),
the Technology Accreditation Commission (TAC) ande tComputing Accreditation
Commission (CAC). In the US, 4-year surveying pangs have been accredited under EAC,
ASAC, and TAC. Itis anticipated that some US @i8grams may seek ABET accreditation
under CAC.

Although ABET is a single organization, each consws sets individual criteria. Within
each commission, each member professional socgetyesponsible for setting program
criteria within its disciplinary areas. The comsis and program criteria are substantially
the same in form, but differ in specifics.

One of the purposes of ABET accreditation is tauemshat minimum criteria in professional
education programs are being met. This set oéraitis especially important to licensing
boards in the several states. Beginning in 200BER has also reviewed non-US
surveying/geomatics programs for substantial edeimce. The Geomatics Engineering
program at the Technische Universiteit Delft in tetherlands was judged by ABET to be
substantially equivalent in 2001. The Geodesy amatdgrammetry Engineering program at
King Fahd University of Petroleum and Minerals ihdbran, Saudi Arabia was qualified as
substantially equivalent in 2005.

1. INTRODUCTION

In the US, there are two levels of college or ursitg accreditation: institutional

accreditation and program accreditation. The tunstinal level accredits colleges and
universities. Under institutional accreditatiohgtentire college or university system is
reviewed and accredited. The institution accréidibais most often performed by a regional
association of colleges and universities. Progaapreditation centers on specific programs
of study. Program accreditation is normally doheotigh associations of professional
societies. ABET, Inc. is the recognized accreditagency for applied science, computing,
engineering and technology programs in the USs #n association of 28 professional and
technical societies which currently accredits &/&00 programs in over 550 universities and
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colleges in the US. Those surveying and geomatiograms accredited in the US are
accredited under ABET.

The accreditation process has evolved from a setitefia where individual coursework was
defined to a more flexible set of criteria wheregrams must define educational objectives,
set program outcome goals, and then prove thaetgoals have been met. The reason for
the change was to allow programs more flexibilitymproving and refining their individual
programs to meet the needs of those who hire prograduates.

2. THE ABET ACCREDITATION PROCESS

Under ABET a program must have produced at least graduate to become eligible for
accreditation. Each program wishing to become ate@® must request a formal review.
The review process consists of a written documlembwn as a “self-study questionnaire”
and is provided by the program wishing to becomereatited. Next, the document is
reviewed and one or more people are assigned forpe@n evaluation site visit to the
institution where the program exists.

The site visit normally lasts 3 days. The evaluato expected to read the self-study
guestionnaire prior to the visit, then to investiggany perceived problems with meeting
program criteria. Some questions may be resolweérbail or telephone correspondence
prior to the site visit. When on-site, the evatuatwill review student transcripts, student
projects, student examinations, classrooms, anutdédries. Evaluators will also interview
administrators, faculty, students and, if availaldeaduates and employers of graduates.
Evaluators are volunteers from industry and acadewtio undertake periodic review in
evaluation criteria and training in evaluation pils. Evaluator expenses are reimbursed
by ABET which charges the program being accreditedt fee for the process.

Each program is accredited on its individual melitmore than one program exists within a
department or a college, then each program is ditedeseparately. It is recognized that
there are common elements for programs within kegelor department and the institution
where programs are being accredited may providarstigutional report that covers several
individual programs being evaluated. The critdon each of the ABET commissions is
discussed below.

3. THE EAC ACCREDITATION CRITERIA

To become accredited under the Engineering crjtaigorogram must have the word

“engineering” in its degree. Engineering prograame accredited based upon 7 general
criteria. Students, Program Educational Objectivé&ogram Outcome Objectives,

Professional Component, Faculty, Facilities, andtitutional Support and Financial

Resources. In addition, each program must satgiiaable program criteria. The program
criteria add to or enhance the general criteria amedgenerate by the ABET professional
society member associated with the particular dis@ being accredited.

EAC programs must demonstrate that students arg bmialuated on performance, being
advised on academic and career matters, and teyatatle being monitored to assure success
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as graduates. There must be policies for studeamsferring credit from other programs or
institutions and policies to ensure that each studeeets all of the program requirements.
There must be demonstration that these policiebeireg enforced. Demonstration can be
partially shown by exhibit at the time of the ealon site visit of student examinations,
projects, portfolios, and transcripts. Trackingstfdent success on standardize national and
state licensing examinations also can demonsthatethis criterion is being met. Generally,
a program self-study report will outline the progezs, methods, and policies being used and
offer to exhibit other material at the requestha site evaluator.

Program Educational Objectives describe the caamdrprofessional accomplishments that

program graduates are expected to achieve. Ase@aerule, graduates would be expected
to be able to achieve these objectives within B y@ars after graduation. An example of an

Educational Objective would be that graduates ate 8o become licensed as professional
surveyors after 4 years. The Program Objectivestrye published and they must be

consistent with the institutional mission. Thegmam must demonstrate that these objectives
are periodically reviewed and evaluated and thabaess is in place to use the results of the
evaluation to develop and improve the objectives.

Program Outcomes and Assessment relate to the skitl knowledge that students acquire
within the program. This criterion is directly a&dd to the program curriculum but does not
specify specific types of courses that studentstrake. Instead, it lists specific outcomes
that students must be able to achieve by followiregprogram curriculum. These outcomes
include:

(a) an ability to apply mathematics, science, and ezgging principles;

(b) an ability to design, conduct and analyze experisien

(c) an ability to design a system, component or progas&n real-world constraints;

(d) an ability to function on multidisciplinary teams;

(e) an ability to identify and solve problems;

(H an understanding of professional and ethical resipdities;

(9) an ability to communicate effectively;

(h) a broad education covering economic, social, and@mmental issues;

(i) arecognition of the need to continue life-longeag;

() a knowledge of contemporary issues;

(k) an ability to use the knowledge, skills, and modeois necessary for
professional practice.

Known as ABET a-k, these outcomes must be demdedtkaithin the program curriculum.
This can be demonstrated by listing one or moreiBpea-k outcome in a course syllabus
and collecting student data from the course meagtine outcome.

The Professional Component also directly relatestite program curriculum. The
Professional Component requires that each progmamist of a minimal amount (one year)
of mathematics and science coursework, a minimabuam (one and one-half years) of
engineering coursework and have a general educabimponent that complements the other
two components. This criterion also requires thegmam to demonstrate that students are
prepared for professional practice by having eaddesmt become involved with a major
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design experience specific to the profession inctvtihe student relies on knowledge and
skills learned within the curriculum. The projenust incorporate realistic standards and
have real-world constraints. An example of th&t l@ould be to have students prepare a land
development design using state standards and doeah economic, political, and social
constraints. Finally, a Surveying specific programiteria requires each Surveying or
similarly named program graduate have proficiencyme or more of the following areas:
boundary/land surveying, geographic/land infornrataystems, photogrammetry, mapping,
geodesy, remote sensing, and other related aréas. other related areas are left to the
interpretation of the program and the program’snéva evaluator.

The Faculty criterion requires that there must lofigent faculty members with the proper

competencies to teach all of the curricular ardath@® program. There must be sufficient
faculty to adequately interact with student instiug, advising, and professional

development. The program may demonstrate faculiypetence by listing factors such as
faculty education, professional and teaching expee, faculty involvement in professional
societies, and faculty licensure as professionaleswrs. Again, a program specific criteria
requires that faculty members who teach courset dha design in nature demonstrate
competency by virtue of professional licensurepetucation and design experience.

To satisfy the Facilities criterion, the program shdemonstrate that adequate classrooms,
laboratories, and equipment are available to actismphe program objectives and provide
an atmosphere conducive to learning. Programs puastde students access to modern
equipment and computing facilities. As a geneu#d,rclassrooms must be comfortable and
equipped with blackboards, white boards, and/ojeptors that enable effective teaching
methodology, equipment must be modern and reliadamputer software must be relevant
and useful. It is not necessary that the program all of the equipment and computers
needed, but that it can demonstrate adequate aoctssequipment and computers. In some
programs starting up, the equipment can be (amhas)) borrowed through agreements with
the local professional society or individuals watih interest in seeing the program succeed.

Finally, the program must demonstrate that it isenang adequate institutional support,
financial resources, and leadership to assure ¢méintied quality of the program. The
resources must be sufficient to attract and retaetl-qualified faculty and to acquire and
maintain adequate facilities and equipment to supipe program. Other support, such as
computer technicians, library resources and studentices must be adequate to meet the
program needs.

Surveying/geomatics programs currently accrediteteu EAC criteria include:

California State University, Fresno (BS in Geom&tngineering)

Ferris State University (BS in Surveying Enginegji

University of Maine (BS in Spatial Information $oce and Engineering)
New Mexico State University (BS in Surveying Erggning)

Ohio State University (BS in Geomatics Engineéring

Pennsylvania State University, Wilkes-Barre (BSurveying Engineering)
Purdue University (BS in Land Surveying Enginegyin
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4. THE ASAC ACCREDITATION CRITERIA

The Applied Science program criteria is similathe Engineering program criteria. There
are the same 7 general areas listed along withptiise-specific criteria. The differences

between ASAC and EAC criteria relate primarily teetengineering component of the
program. ASAC programs are not expected to dermatestdherence to the criteria at the
engineering standards required by EAC programs.

Under ASAC there are no requirements to demonstinatestudents or graduates are capable
of engineering design. The ASAC accredited prognmaust still demonstrate student
advising and monitoring, program educational olyest program outcomes and assessment,
a professional component, adequate faculty, adedfaailities, and adequate institutional
support. There is still an ABET a-k component, baer it does not require demonstration of
engineering design capabilities nor is there aireqent for a culminating class involving
real-world design.

The Professional Component under ASAC differs frbra EAC criterion by not giving
specific guidelines on the minimal amount of mathgos, science and other courses that
must be taken. There is still a requirement faee¢hcomponents: 1) mathematics and
science, 2) applied science topics, and 3) geremtatation. ASAC programs must still
provide students with some sort of capstone expegievhere students incorporate acquired
knowledge and skills into solving a real-world pesh. The program specific criterion for
surveying programs is the same as under EAC. &nodaculty need not demonstrate design
experience and can prove competence through apfdicartifications as well as education,
experience and licensure.

Programs currently accredited under ASAC criter@ude:

University of Alaska Anchorage (BS in Geomatics)

East Tennessee State University (BS in Surveyiaghapping)

University of Florida (BS in Geomatics)

Metropolitan State College of Denver (BS in Sumgyand Mapping)
Michigan Technological University (BS in Survey)ng

Oregon Institute of Technology (BS in Geomatics)

Southern Polytechnic State University (BS in Syimvg and Mapping)

St. Cloud University (BS in Land Surveying and Maqy Science)

Texas A&M University, Corpus Christi (BS in Geoghap Information
Science)

5. THE TAC ACCREDITATION CRITERIA

Under Engineering Technology programs, accreditatiiteria is primarily the same as EAC
and ASAC criteria with the differences noted atelisbelow. There is not a specific student
criterion in which the programs must demonstrate lvel of advising and monitoring
performed under EAC and ASAC criteria. There i8l &t requirement for Program
Educational Objectives and Program Outcomes, imfuthe ABET a-k outcomes. The
differences in the a-k outcomes require TAC graeluiéd demonstrate mastery of knowledge,
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techniques, skills and modern equipment. The esipha TAC programs is more “hands-
on” learning.

Instead of a Professional Component, TAC has a eoafbe criterion called Program
Characteristics. These Program Characteristicsiinecthan 4 year programs have a
minimum 124 semester hours of credit or 186 houwartgn hours of credit. There is a
requirement for mathematics, including calculusj] anience coursework as well as social
science and humanities coursework. The prograns gemonstrate that their students are
capable of appropriate communication skills. Taehhical content of the program must
focus on the applied aspects (hands-on skillstiginse and engineering and must constitute
at least one-third of the curriculum content andusth not exceed more that two-thirds of the
curriculum content.  Students must still have a stape experience incorporating
accumulated knowledge and skills.  Surveying specdurriculum criteria require
baccalaureate programs to provide skills normadigessary for professional licensure.

Under TAC, faculty must have sufficient respongipibnd authority to develop and achieve
program objectives. The criteria for Facilitiesdanstitutional Support are similar to those
under EAC and ASAC.

Those 4 year surveying programs currently accréditeler TAC include:

The University of Akron (BS in Surveying and MapgiTechnology)
Alfred State College (BS in Surveying Engineerireghnology)
Idaho State University (BS in Geomatics Technojogy

New Jersey Institute of Technology (BS in EnginegTechnology)

In addition, several 2 year surveying programsaa@edited under TAC:

The University of Akron (AAS in Surveying and Mapg Technology)
Alfred State College (AAS in Surveying Engineerihgchnology)
Greenville Technical College (AS in Geomatics Treadbgy)

Mohawk Valley Community College (AS in Surveyingchnology)

Paul Smith’s College (AS in Surveying Technology)

Pennsylvania College of Technology (AS in Survgylrechnology)
Pennsylvania State University, Wilkes-Barre (ASSurveying Technology)

As can be noted from the above listing, institusi@an offer a surveying program at more
than one level and under more than one set ofrierite Institutions that do so must
demonstrate that the criteria of each accreditegram are met independently although the
students from the two different programs may somesi sit in the same classroom in the
same course.

6. THE CAC ACCREDITATION CRITERIA
ABET Computing Program criteria are the most déferfrom the other commission criteria.

Under CAC criteria programs must still demonstidadeumented, measurable objectives and
outcomes. They must also still demonstrate thatsores are being evaluated and those
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evaluations used for continuous improvement. H@wespecific wording regarding students
requires that the program demonstrate that studmmtsgraduate in a reasonable time, and
that courses are offered with sufficient frequefarystudents to graduate in a timely manner.

CAC accredited programs must have sufficient fgculiembers to provide program
continuity and stability. Full-time faculty mustersee all course work and cover most of the
classroom instruction. Some faculty must be Phigllevhile others must have work at least
comparable with a Master’s degree.

The curriculum for CAC programs must include aste#0 hours of computer science topics,
30 hours of humanities topics, 15 hours of mathemgincluding discrete mathematics,
calculus, statistic, and probability) and 12 hoofscience (including a 2 course series lab
science sequence). Students must be exposed trietyvof computer programming
languages and must become proficient in at leastlogher-level programming language.
Students must have adequate access to the systemasdito learn in each course and there
must be adequate technical support to maintaicdhgouting facilities.

To date, there are no surveying/geomatics progeartiedited under CAC.
7. CHOOSING AN ACCREDITATION CRITERIA

Many of the following observations are persondi@ligh | have discussed these observations
with colleagues familiar with ABET and have note®s@d any serious dissent from them. |
apologize in advance if | inadvertently offend amgoconnected with ABET with these
observations.

Surveying programs choosing ABET accreditation nugstide on which set of criteria they
wish to follow. We will concentrate on the EAC, AS, and TAC accreditation as there are
currently no survey/geomatics programs accreditedeu CAC. The curriculum content
varies across the commissions and is one facteeligcting a venue for accreditation. The
emphasis on math, science, and design is mosgsihtimat the EAC level and appears to
lessen at the ASAC level and lessen even moreeaT&C level. The emphasis on the
curriculum tends more towards theory at the EACelleand more towards practice at the
TAC level.

The qualifications for faculty also appear to fallthe same pattern and are a second factor
in selecting a given course of accreditation. Tuwaillty at EAC programs are primarily PhD-
level. It would be difficult for a person withoat least a relevant Master’s degree to qualify
as full-time faculty in EAC programs. There ardl shostly PhD-level faculty at ASAC
programs, but this is much less of a concern in Tg@grams. There is probably more
emphasis on faculty research under EAC prograrss, dephasis on research under ASAC
programs, and even less under TAC programs. Wihiére are exceptions to these
observations, they appear to generally hold true.

The constituents (students, alumni, employers afnal) are a third, and perhaps most
important, factor. Employers looking to hire guates with good practical skills coming
directly from college would probably tend to wamwt hire graduates from TAC schools.
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Employers looking to hire graduates with abilities tackle complex problems involving
significant analysis and application of theory wbyrobably tend to hire EAC or ASAC
graduates. Federal agencies tend to rank employide&AC accredited degrees at a higher
rate than those with non-EAC accredited degreescandoecome a factor. In some states,
surveyors are allowed to do more engineering-rélaterk, such as drainage and sewer
design, while in others surveyors are restrictethtwe typical survey tasks such at property
boundary line determination, mapping and constoncactivities. In those states allowing
more engineering content among the surveyor’s giutieere is more of a tendency to have an
EAC accredited program. A major factor in showthgt the program is successful is to
track the number of graduates from the program anatworking within the profession in
which they were taught.

Student recruitment and retention may also be fadto selecting a set of criteria. While
geography is probably the most important factochoosing a particular program, students
have indicated that they selected one school owethar because of the reputation of the
faculty, the perceived strength of the program, amen the program name. One student
indicated that he chose New Mexico State Universitgr a much closer institution because
the degree name contained “Surveying” rather tlia@omatics.”

As programs change, they may select to change #lceneditation. Schools that are EAC
accredited may apply to become ASAC accreditedvaselversa There are instances where
surveying/geomatics programs are accredited undee ithhan one commission, sometimes
occurring as an overlap when changing accreditatibnt also occurring when two
interconnected programs at 2-year and 4-year leagtear at the same institution sharing
curriculum, faculty and facilities. Pennsylvanigat® University at Wilkes-Barre is an
example of this occurring. While it appears thay asurvey/geomatics program could
become accredited at all three levels simultangouaskt and time appear to discourage most
from doing so since each commission requires aratpaelf-study report and a separate
onsite visit for evaluation.

8. CONCLUSIONS

ABET is the agency accrediting most surveying/gemsaprograms in the US. ABET

consists of EAC, ASAC, and TAC commissions underciisurveying/geomatics programs
may opt to become accredited. The criteria gui@sliexamine at students, faculty, facilities,
support and curriculum content. A major factorarhieving accreditation is showing that
graduates from the program are being hired to wwttkin the profession in they were taught.

The criteria for accreditation under each commissi@ries and is a strong factor in
determining which direction a program may chosediect when applying or reapplying for
ABET accreditation. Employers of graduates mayo atmve a strong influence on
accreditation based upon the levels of knowledgkeskills they wish prospective employees
to possess. Programs may change their accreditstatus from one commission to another.
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SUMMARY

The paper deals with the principles of the methogplconcerning the reuse and sharing of
the existing learning materials among the univesitThe paper demonstrates the theoretical
issues through the eduGl (Reuse and Sharing ofaealrey Courses in Gl Science) project
and gives an example for an e-Learning materiadleu the topic of the “Data acquisition
and integration” course developed by the UniversityWest Hungary, at the Faculty of
Geoinformatics. The paper explains the idea how(réjuse existing resources by the
exchange of e-Learning courses via Internet ahststthe benefits of such kind of action.

1. INTRODUCTION

There are many efforts worldwide in the creationestearning modules and learning
environments (Farell 2001). Although e-Learningréases the efficiency of education, the
investment of resources is not very effective, mdayelopments are running in parallel. If
we focus on the re-use of existing resources arel rttore effective use for future
developments, e.g., updating teaching materialssameutilize thevirtual mobility with better
efficiency. By the practice the adaptation of tkeseng learning materials usually means the
adaptation to English language or using conceptisdigital teaching materials of existing
regular courses.

2. METHODOLOGICAL ISSUES

2.1 Course development

2.1.1 Importance of the syllabus

The syllabus as a document with an outline and samymf topics to be covered in a course
is a key factor for the success of any e-Learnmgse (Markus 2004). Within eduGlI please
refer to the following example:

http://edugi.uni-muenster.de/eduGl/downloads/O8hewy_materials UWH_data
acquisition_and_integration.z)p

In the syllabus the following topics should beatdxed:

- Contacts
Giving the full name, photo, e-mail and other dataontact persons. Here the
teacher, tutor and administrator positions shoeldistinguished.
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- Goals
This section introduces the aims, learning outcorsksls, competences, the
main topics, methods and principles of the cousdwery.

- Contents
Here the course content is described using thetatel of “parts — modules —
units” hierarchy and the explanation about the atiaristics of the material is
introduced here as well. It is useful if we trygmup the modules into “Parts”
by the logic of whether they targeting theoretigahctical or analytical skills.
Here is as an example of the above mentioned course

As it is seen from the list, that the modules areddd into smaller parts called learning
units. By this approach we give for the studentéear overview about the content and they
can plan their activities in smaller portions, whis very useful if we consider that a typical
e-Learning student has shorter time at once ftwoa period only and hence he/she prefers to
acquire the learning material in small portions.

- Methods
Here we should list the key issues necessary éosticcessful completion of the
course. Typically here is mentioned the methodsoaimunication and exam, the
expected workload, etc.

- Participants
In this section the primary target group as po&rgiudents together with the
pre-requirements should be described exactly.

- Organization
This part mainly is about the time schedule, intincathe duration, the date of
the synchronous sessions, the date of the finaheRdso here is mentioned the
planned number of participants.

- Successful participation
In this section the clear regulations for the sasfid completion of the course
are given. Even the list of tasks together withdleadlines can be listed here.

- Course preparation
Here are listed all the steps which are necessastatt the course. Typically it
means that we should organize a test of synchrosesgsion and provide
(upload) the learning material to the e-Learningtfpkm, or as an option we
can provide some off-line materials (books).

- Literature
This section contains the list of the required amctbmmended literature and other
useful optional learning materials.
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2.1.2 Course content

If we want to re-use and share the teaching maiaren e-Learning environment we have to
put some efforts on the conversion and update basenlr existing material. Here we can
meet the following tasks:

- Adaptation to other language (e.g. Hungarian-Ehylis

- Conversion of plain texts into ppt or other multdreepresentations.

- Development of demo software for carrying out thecpcal tasks through Internet
(for example a program for coordinate translatietwieen different systems).

- For self assessment we need to work out taskgjramsents. When we think out the
assignments we need to consider the amount ofglamned for the given module,
otherwise the students will not be able to compbeteh task.

- We need to plan the synchronous sessions andisowéhave to prepare special
interactive aids (e.g. video, interactive softwasage tutorial, etc.)

3. ORGANIZATIONAL ISSUES
3.1E-Learning platform
3.1.1 Available tools

An appropriate e-Learning platform for the giverLesarning course should be chosen
carefully. Mainly there are two options. A platiorcan be developed using the available
open source tools (e.g. MOODLE) or a license (Blgckboard) should be purchased. Each
choice has its own advantages and disadvantagasinfhouse” way is chosen, there would
be necessary to employ not only web masters batpatsgrammers, or at least professionals
who can utilize all the aspects of an open soursér@ment, which is typically based on

Linux logic. But on the other hand the system canabcommodated for the user’'s needs
deeply (Markus 2001), (Katz 2002).

If the off-the-shelf version is chosen the opemgitimstitution needs only administrators who
can operate the system and in this case only tifteitbéunctions can be utilized.

On the other hand | need to add that these systeenwell tested and the built-in functions
are assuring a stable operation.

Usually an e-Learning platform should offer at tethg following tools (see also Figure 1.):
- Communication with the students (e-malil, voice-maiinouncements)
- Discussion board
- Tools for synchronous sessions
- At the course delivery: handling of different fil@mats like html, ppt, pdf, doc, mp3,
etc.
- The assessment facilities like test manager, upbbaasks.
- Course calendar
- Gradebook, course statistics
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Syllabus
Course Documents

EDUGI004: Data Acquisition and Integration - Tamas Jancso (Docente)
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Course Calendar
Staff Information
Tasks

Send Email
Discussion Board
Collaboration
Digital Dropbox

Course Tools

Glossary Manager

Messages
Content Collection

Course Portfolios
Check Collection Links
Copy Files to Collection

Voice Announcements

MyDropBox Suite (Safe

User Management
List / Modify Users
Batch Create Users
Enroll User

Test Manager Gradebook
Survey Manager Gradebook Views

Pool Manager
Course Statistics

Support Contact System Administrator

Remove Users from Course
Manage Groups

Performance Dashboard

Assignments) Manual Quick Tutorials

Fig. 1: Control panel of the Blackboard e-Learniatform

3.1.2 Synchronous sessions

The synchronous sessions are the central partobf @dearning course. At these sessions
the students have possibility to ask directly th@rt and it is a good possibility for the tutor
to survey the common problems and the opinion oflestts as well. Here the tutor can
explain some parts of the course which are too tioatpd to describe in off-line manner.

As it was experienced this method of teaching needst of time from the tutor to be
prepared for it. Not only because of the studeats @sk any aspect from the material, but
also because of it needs a good practice fromutoe hot to lose the main stream in the
material, since the students usually ask abouttigssies which are not discussed in detail in
the teaching material. Especially we should avdidsé students who want to test the
knowledge of the tutor, since it's boring for ott@n-line session participants who usually
want to concentrate instead on the assignmentdssue

3.1.3 Final exam

The final exam of an e-Learning course is a semspiart, since usually the students should
be virtually collected in the same time. But in gexl there are mainly two options for the

organization of the final exam. The exam can bewized in the frame of a synchronous

session, which is very useful since the tutor csita form small groups during the exam

asking them to solve more complex tasks. Also titertcan help the students if they don'’t

understand the task or they stuck somewhere iprdical task. The only negative aspect of
this type of exam is that some students - who mhisssynchronous session - are not able to
pass the exam at all. In this case the tutor shoahgider the possibility to give a chance to
take the exam off-line with the help of the localtper tutors of the student’s institution.

The other effective method for the final exam itest session which is open for a limited

time (usually 24 hours). In this case each studentfind a time window to complete the test.

For those who has no time at all in the announited-frame, the tutor can allow and assign

for each student an individual date for the exam.

4. EXPERIENCES

In the eduGl project (EU eLearning Programme ré&CE23/05 DE 011.) eight European Gl
institutes use existing courses and adapt therhegadquirements of the e-Learning course
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exchange. Each partner contributes one courseg taught on a non-profit exchange basis
with the partners. An e-Learning platform of ISE@®NL, Portugal is used. This platform has
been successfully providing an e-Learning MSc Raogin Geographic Information for more
than three vyears. During a previous work in the ALFproject eduGIl.LA
(www.eduGl.net/eduGl.LA/a prototype was developed for the e-Learning ss@xchange
and evidenced feasibility. The organizational framek for execution and recognition of
students’ achievements was prepared by the cooperaf the eduGl.net consortium
(www.eduGl.nek

5. CONCLUSIONS

The development and exchange of the following egghearning courses is foreseen: Project
management, Gl standards, Advanced Geospatial daténg, Data acquisition and
integration, Visualization, Geographic data bassdvd&nced), Virtual excursions in Earth
Sciences, Data quality.

The vision is to exploit the organizational framekvand the created e-Learning courses by
the establishment of a common, virtual Gl MasteygPam in Geoinformatics. The concept
of sharing and reuse of resources by best-praekaeenples is being disseminated to non-Gl
communities.
Additional expected benefits:
-The quality of the existing teaching material vaé improved further.
-There will be possibility for access to internatb know-how and new topics, that is
normally not available for students by own resosrce
-The virtual mobility of teachers and students banmproved.
-It contributes to the implementation of the Bolagsrocess by international cooperation of
European institutes, based on the existing networks
The results of the eduGlI project can be utilizedWiorking Groups of the curriculum
development and e-Learning work plan at FIG Comimis2.
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SUMMARY

Google Summer of Code (GSoC) is a program thatrofétudent developers stipends to
create new open source programs or to help cuyrestablished projects. Google is working
with a variety of open source, free software, asxhihology-related groups to identify and
fund several hundred projects over a three-montioghe GSoC is program focused on
students from the whole world who are working oojgcts used by real software products
and finally they are accordingly honored.

This year it was the first time when there wereoafgojects focused on geographic
information systems(GIS). This presents also a great opportunity fooimfermatics
community to contribute to GIS related softwarealepment.

The aim of this paper is to describe GSoC from phgect-based learning perspective.

Details about communication, time-line and projaetnagement will be discussed and also a
lot of statistics of participant geographic distiion will be presented. Finally, the present

paper also describes author's personal experiethee author participated as a student
developer at GSoC 2006 with Refractions Researcmeastoring organization) and also

deliverables of GSoC for GIS software products.

This paper should promote GSoC as an excellentroppty for students interested in open
source software. GSoC is focused more on credtin&ihg rather than on repetitive drill and
students can learn a lot of new things in veryreggng way.

1. HOW DOES GSOC WORK

GSoC usually starts during the spring. At first Geomakes an announcement which is
addressed to several open source communitieshigaican join to the program as mentoring
organizations and can apply for participating. Ehesganizations delegates their candidate
that should participate as mentors and they alspgpes project ideas. In 2006 the program
joint about 100 organizations. After that the stuttdeapplication process starts. Student can
write a project proposal on an idea related torteeds of mentoring organization, but also
any kind of new idea is welcomed. One Student catev20 applications at the most, but
just one can be accepted. The proposals are thecketh by mentors and the chart of
received projects is made. Google then decides hawy projects will be funded for each
organization.

The real coding starts in June. The process isledvinto three periods. At first students
receive 500USD after their proposal is acceptederAdpproximately one month of coding
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their mentors are asked by Google to write the tardi evaluation of the process that had
been done. Usually they check whether the procesgsponds with originally proposed
time line. If their evaluation is positive, the dant receives a 2000 USD check. The
programs end in September, when a final evaluasionade and the student receives the last
2000 USD if they succeed.

One of the reasons why Google brings a third p#&otythe project is that mentoring
organization knows probably much more about thelseé their communities development
and provide better subvention about current devety than people from Google. On the
other hand Google also acts as a mentoring ordgamza its own Open Source project.

A mentoring organization should actively encourageh student developer to participate in
the project's community in whichever way makes thest sense for the project, be it
development mailing lists, idling in the projectRC channel, etc. A truly successful
mentoring organization will work diligently to ensuthat as many of their students as
possible remain active project participants lortgrahe conclusion of the program.

2. 2006 GSOC STATISTICS

First GSoC was realized in 2005 when Google workkid 40 organizations. In 2006 Google
brought together about 100 organizations with 68@lents all around the world. The
leading organizations that received most of theliegjions were Google, KDE, Ubuntu,
Python Software Foundation and GNOME. Czech Repuwidis represented by three accept
students and three mentors.

Exact statistics for GSoC 2006 are:
* 6388 Applications
* 3044 Applicants
* 1260 Mentors
» 630 Accepted Students
* 456 Schools
* 102 Open Source Organizations
* 90 Countries

3. PROJECTS FOCUSED ON GEOINFORMATICS

In 2006 it was the first time when there were gisoject focused on Geoinformatics. The
organization that offers such projects is calledr&tion Research. This organization is
focused on PostGIS, uDig and GeoTools development.

Refractions Research received 12 applications amgh@ication were selected as doable.
Finally the Google chose three that were funded.
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These project were:
* GDAL ImagelO integration
* uDIG GPS Record Import and Spatial Report Procgssin
» Coordinate System Transformations for GeoToolsdDig

In upcoming GSoC 2007 most of GIS related opencsoproject are represented by Open
Source Geospatial Foundation (OSGeo) so we carcerpae project focused on GIS. The
mentoring organizations that participate in GSoG720nder OSGeo are:

GDAL
GeoSever
GeoTools
GRASS
MapGuide
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MapServer

OpenJUMP

PostGIS

User — Friendly Desktop Internet GIS

4. COMPARING GSOC WITH OTHER PROJECTS

In this paragraph | would like to discus my perdagerience with GSoC related to other
opportunities for students to work on some proj¢icéd are available in the Czech Republic
(FRVS and Internal Grants Competition at CTU). Thain difference is that in GSoC
student's work is really focused on the aim of wthaty have proposed in their application.
Usually they have to write weekly reports on thegoess they have made and the mentor
gives them guidance on what is good and what isandt the mentor is also motivated to
produce high quality code as it should become a p&rthe main product. The
communication is realized by emails or some othestenic way. The project is drawn more
like full time job for summer (and it is accordigdionored) — final questionnaire shows that
students usually spend about 7 hours a day / 5 @aysek for three months by coding for
GSoC.

The main advantages that | can see is that thereally low level of bureaucracy and the
project is 100% focused on real work results. Arotstrong point is that the project takes
place during summer where students are usuallggr find some part time job and maybe
that it is more interesting for them to write newdnle for Ubuntu Linux than to work in the

freezer in a supermarket or something like that iantthis way they are highly motivated to

take part.

GSoC is mostly focused on students of software nagging but statistics from the 2006
show that participants were also students of MecharEngineering, English Literature,
Interior Design, Astronomy, Developmental Psychgloand Genetics. In the dawn of
enormous GIS boom GSoC presents also great opjigrianall students of geosciencies.

5. WHAT IS IN FOR GOOGLE

There is good question why Google pays money tdestis that are working on projects for
other companies. There was a very active threathisntopic in the GSoC mail list. The
main points why Google does so that have been orediby project coordinators were:

* Free and Open Source Software help to ensure cdiopen the software
development market. Competitiveness in softwareld@ment means that interested
parties have incentive to produce high quality ctated* keeps any single vendor
from completely dominating a particular market #éoxking out others out.

» Google uses a lot of Free and Open Source Softweseno secret that their servers
run Linux - and they want to give back to the F@88imunities, particularly since
that means Google can continue to use the codéhdse communities produce to
make their products better. (Google also do fup@iopen source projects outside
of GSoC.)
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» Google has always looked for talented developethepcan use the results of the
program to help identify potential recruits.

6. CONCLUSION

Google Summer of Code is an excellent opportumitystudents interested in Open Source to
start contributing and get financial support at laene time. They can learn the process of
real life software development (software enginegtools like SVN, build tools etc). On the
other hand — the applications are accepted acaptdirihe idea rather than to the level of
their coding skills.

At the time of writing the GSoC 2007 is just rarkimew applications so | hope this year will
bring even higher level of contribution also fore€h geoinformatics community.
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SUMMARY

The unique properties of geographic informatiorntedogies, which are important in many
levels of modern society, have crystallized inte trefinition of a new discipline taught at
universities. Education of undergraduate geographas information technologies
professionals however brings in more practical jaes such as; what are the most efficient
practices in this education; what are the mainaulbss when delivering the actual teaching
and directing students and how to possibly avoamh This article aims at answering these
guestions. A concrete example of project-orientggr@ach is described, which supports the
education in geo-information technology (geomatidd)is article is based on the research
software platform GRIFINOR for data management,uaiization, and exploration of
geographic information in three-dimensions. The tettoduces the GRIFINOR platform as
a modern media technology, which relies on theimaigtask of surveying and mapping
redefined in terms of digital content and IT. GRNBEIR's current status is presented, as well
as a brief overview of its research contributiomghe field of geomatics. In the second part
of the article are identified some important obletsénherent to an education in geomatics. It
is explained how GRIFINOR may help to alleviatestheobstacles. Freedom in teaching
fundamental concepts of the geo-information teabgyland in studying these elementary
components of geomatics with the students is podimigt as an important aspect in this
context. An important part of the article also givancrete examples of skills that students
can practice and concepts that can be taught @GRiI§INOR. The platform is available as a
distribution, which opens opportunities to implerneoncrete exercises focused on particular
concepts of geomatics. The characteristics of ik&iloltion are described in the article.
Through the article it is argued that the use offBROR in education directly supports a
number of important roles that, according to relaterks, need to be played by geomatics
professionals. With such properties GRIFINOR issidered as a suitable means for teaching
master students in new programmes in geomaticsadtto”g University and at Charles
University in Prague.

1. ROLE OF SPECIALISTS IN GEOMATICS

Modern observation and positioning technology efateéd and surpassed the majority of
tasks carried out by land surveyors before thedentdogies became available. Furthermore,
a cartographic map can be made today by individualbout a scientific degree using
geographical information systems (GIS) with a useerface available on a web page.
Taking a different perspective at the situation c@@ say that some of the most important
tasks of land-surveyors and map-makers were regplagesoftware implementations of the
methods, which in the past had to be applied bgiafpgts "manually” in person. Today, in
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this field, "manual” application of the methods nah match their implementations in the
computerized systems, because the technology apfhiem cheaper, faster and more
reliably. Additionally new technologies provide ngwssibilities, which could never be done
in a manual manner.

On the other hand, modern society around the wadks specialists in basic collection of
software technologies, implementations of policesd institutional arrangements that
facilitate the use of the huge amounts of spath ¢oroduced by the new technologies. Note
that this gap is caused by exactly the same teobied mentioned above---the technologies
that weaken the need for traditional land-surveyarsl map-makers but open new
possibilities in geo-visualization, geographic dat&astructures and other computerized
geographic systems. It should be also stressedfthatechnological advances are based on
the very concepts used in the field of land-sumgyand map-making itself, that the new
technologies became possible thanks to few spsisdliom our domain. Their contributions
led to great improvements in measurements and \oddgans of planet Earth.

To fill up the gap, new study programs in geoinfation technologygeomaticy have been
established at universities around the world. Taey often based on radical changes or are
derivatives of programmes in land surveying, magg@nd cartography. The primary reason
was the fact that graduates of these studies slyddppeared in the role of mere operators or
end-users of new automated systems that came ow@r dther technical disciplines, and
which shifted these graduates to a poor positioplncompetition relatively to the level of
specialization they have. But the specializatiomais important, maybe even more
important than in the past since everything becogessreferenced. The problem is how to
apply this specialization. "If we could educaternthéstudents) into information technology
professionals, they could have another positiotiméncompetition — surveyors would then be
not only users of technologies, but rather thoseo vdevelop both technologies and
applications” (Virrantaus 2002). Realization ofstharguably logical decision has many
impediments and needs real examples, which carvbleiated by others and upon which
improvements can be elaborated.

Activity Description

Identify and develop tools and instruments to sa
specific requirements.

#2 Data acquisition Collect geospatial and relalch.

#1 Applications development

Process data and obtain information required

#3 Data analysis and interpretation efficient decision-making process.

Catalogue, archive, retrieve, and distrik

#4 Data management geospatial data.

Render data and information into visual geosp

#5 Visualization .
representations.

Table 1. Activities the geomatics professionalsusth@ope with.
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In the rest of the article we provide an exampleagdroject-oriented approach to support
education that produce professionals in geomalibe. example is based on the research
software platform GRIFINOR (Kolar, 2006), which@lls data management, visualization,
and exploration of geographic information in 3D.rdigh the article it is argued that
GRIFINOR directly supports education of four out fofe main activities (see Table 1)
professionals in geomatics need to master (MSCN#R@G, 2006). Having such properties it
is considered as a suitable means for teachingemastidents in new programmes in
geomatics at Aalborg University and at Charles Ersity in Prague. The main parts of the
article are structured as follows. Section 2 inties the GRIFINOR platform in relation to
the field of geomatics. Subsequent Section 3 tliemtifies some important obstacles in
teaching geo-information technology and pointstmw GRIFINOR can be used to address
them. An important part of the section is also actete exemplification of projects based on
GRIFINOR.

2. GRIFINOR PLATFORM

The original idea behind GRIFINOR was to exploitgauamounts of data produced by
modern measurement technologies in IT through tesy®f a “real” virtual reality (VR),
where by “real” we want to stress the fact thattbarce data come from measurements of
real features in our real environment on planetlEdrhis is in contrast with more traditional
use of VR for buildings, orchestras or theatreg tta NOT exist on the Earth. This idea
evolved from generalization of the task of survgyamd mapping as geometric model of the
reality, which can be instantly visualized in atenactive 3D scene. Therefore GRIFINOR
can be considered as a new 3D media platform, wielads on the original task of surveying
and mapping to deliver model of the Earth.

In more technical terms, GRIFINOR is an open so@iBevirtual globe platform, written in
Java. It allows publishing a geo-referenced 3D rhodked a modelmap on the Internet and
rendering the scene using OpenGL. One can explack modelmap itself but it is also
possible to link different parts of the modelmaphadata stored in databases, with analytical
functions or with resources available on the Welkelthe content on the Web, the
modelmap in GRIFINOR can be build by independenttrdoutors collaboratively in a
decentralized manner. The modelmap can be navighatedgh over network in a 3D scene
by users, who can also interact with it in a wayedale for their applications.

2.1 Spatial Referencing

GRIFINOR eliminates the use of cartographic praoged from concepts of all elementary
parts of the system, including the data represemntai hree-dimensional coordinates with
origin coinciding with the Earth’s centre of masses used for referencing. The definition of
the axes is analogous to the World Geodetic SygiaGS), meaning that the z-axis is

defined by the North Pole and the x-axis lies ia ¢éguatorial plane and points to the Prime
Meridian, where the reference pole and the meridie defined by International Earth

Rotation and Reference Systems Service (IERS). thisr origin and orientation, three

systems of coordinates are used in GRIFINOR wheanwement. right-handed Cartesian

coordinates [x,y,z] are used for data represematidsualization and spatial indexing.

Spherical coordinatesd] A, r] are used for indexing and representation ef dkeopotential
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model of the Earth that is described later in g@stion. Geographic coordinates J, H],
where H is ellipsoidal height, are currently usetlydor reporting a position on the Earth to
the user. Conversions between these systems wplenmanted in GRIFINOR.

2.2Interoperability

GRIFINOR deals with interoperability on the levélpsogramming language instead of strict
specification of data structures and formats. It lieeen decided to keep GRIFINOR
independent of any particular standard specificatd geographic features and leave the
possibility to add suitable data representatiomséxh application independently. Therefore
the implementation of GRIFINOR ensures scalabilitydata representation while keeping
the interoperability of the system intact. Since slystem is coded in Java, which is an object
oriented technology, both the communication protecal the data representation of features
are defined in terms of objects. Using Java abistiass definition for representation of the
features ensures the scalability for custom déding. It allows de-facto arbitrary definitions
of features, their meaning, the relationships betwthem and their functionality. With this in
mind, GRIFINOR must be regarded as a platform ski@ports the definitions of custom data
representations and application specific functibieal This directly addresses activities
number three and one in Table 1.

3. GRIFINOR IN CONTEXT OF EDUCATION IN GEOMATICS

There are two major obstacles for study programimegeomatics. The first one is the
number of true specialists in geographic informatisystems that have an overall
understanding of the geoinformation technology. réhis apparent lack of these people,
which could identify and teach the concepts of gatice for both further research
development and applications in practice. The sgaavstacle is the difficulty to provide
students with the ability to study the technolodregly with as little limitations as possible.
It is very difficult to get students deeply invotién studying of a certain tool or device when
they cannot use it with full control of the process

As a software system, GRIFINOR cannot directly addrthe first issue. But GRIFINOR
does address directly the second issue by beietyfexailable to everyone interested, under
LGPL license (FSF, 1999).

It seems that the two impediments are complementamg groups of researchers and
developers who, over decades, have developed addraiood the new solutions using
software technology are nearly exclusively bounthwiommercial companies. Proprietary
commercial software is a source of profit and tfereea subject of strictly protected know-
how keeping hidden specific construction of thetwafe tools. On the other side there is a
much larger group of teachers and students of gomation systems. Using the commercial
software as a teaching tools makes almost impes#inlthe teachers to effectively explain
and for students to fully understand individuall$oand procedures of data processing and
data management. It mostly leads to productioormofe or less qualified users of the
commercial systems rather than new specialistss Shenario in geomatics needs to be
changed and presents serious challenge for edocaimmunity. With GRIFINOR we try to
contribute to this effort.
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3.1 Source Code

Bringing GRIFINOR to students relies on breaking theavily overestimated barrier of
source code. Source code tends to be perceivedrasdpvice from programming domain,
and so, difficult to deal with for everybody fronutside the domain. The truth is that, like
mathematical formulation, there can be very compled long expressions that are difficult
to read by experiences scientists, but there caaldmevery simple ones that everybody with
high-school education must understand. In factrcowode should play a vital role at
university level programs in geomatics. Like studenf programs in journalism work with
written text and selected works of literature iderto learn how to report news and produce
articles, the students in geomatics should workhvatripts and source code of data
management software in order to learn how to oldasired geographic information. These
skills are essential for professionals in geomabigisthey are also very useful in practice in
wide spectrum of professions outside the domaigeafgraphic applications. The journalist
students are taught about structures, conceptdemmdiques from existing works that are
fundamental for providing various types of new rhteire, but they are not required to
produce new work-of-art pieces of literature, askenot at the university. In similar manner
geomatics students should be taught how to reachawidate through an existing code and
use it in order to retrieve the desired geographformation, but should not really be
required to code new software algorithms or syste&3ubjects from any courses that directly
address professional activities #1, #3, #4 andrgb fTable 1 are based on source code,
which stands for almost the entire domain. Or, framother perspective, the whole
technological part of geomatics has its fundamerdaktepts in source code, except for data
acquisition (activity #2).

GRIFINOR is provided over the Internet in form @iusce code in Java language. With use
of integrated development environment (IDE), pratdy Eclipse IDE, the navigation
through source code can be explained and demaetstvegually. Individual components are
hierarchically organized, and relationships betwekferent functions can be followed
through their calls in the same manner as followigger-links on the web.

3.2Use of Graphical Interfaces

Graphical user interfaces (GUI) as a (part of) scibjo teaching and exercises of essential
concepts should be reconsidered and used with ican@iversity level education of geo-
informatics. The GUI is a counterpart to the tesewinterface (command line) and to non-
interactive execution of sequence of commandspisarr a program). These three concepts
are in many ways complementary and none of thesptisnal in all situations.

A GUI is an advanced method to operate and intevahtfinished software products through
different kinds of buttons and text fields. It ised to perform an exact, pre-defined task, for
example “to triangulate given set of points”, bidéhthe internals of the solution. The hidden
part is considered unimportant or even disturbingindy a production application of the
software. This makes GUIs at least controversial situation when we want to teach what
“to triangulate given set of points” means, or wigabehind any other button. Therefore,
whenever fundamental concepts of the solution shdid explained and understood by
students, the use of a GUI should be seriouslyn®dered. Relying on GUIs have confusing
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or even misleading effect on a student becaus&thiebecomes associated in the student's
mind with the solution or in the worse case beiogsidered as the solution, none of which is
true. GUIs are meant to be intuitive and their fiomality can be explored by users who

understand the purpose of a given software proalutiwho know about the overall structure

of the GUI for that particular software. Therefo@Uls can be left as a subject for self

studying, for the most part, as it is both tooi&inand too product specific for being taught in

courses at university. GUIs are definitely convahier supplementary software such as file

manager, word processor, IDE or a drawing tool,cwhdo not cover the central focus of

subject geomatics, which is management of geograpfarmation.

On the other hand, written commands seem to be swatable for analytical approach in
geomatics. Sequences of command lines or entirets@rovide significantly more insight
into a specific solution, expose nominally indivadisteps, which can be pointed at and thus
be better discussed. They are also exactly wrdtehallow seeing all the steps in a context.
On the practical side, command sequences can b mgsoduced, passed around, modified
as well as corrected or archived by both studemissapervisors.

3.3GRIFINOR in the Context of Courses and Students' Pojects

This section shows examples of how GRIFINOR candesl for education in geomatics. The
examples are divided into three parts which additsssse consequently for explanation of
important concepts during teaching, in projectsfgises about creation of content and in
projects about improvement of GRIFINOR itself.

3.3.1 Core concepts

The following section presents basic subjects Wgyalrt of the background for graduates of
geomatics. Through an implementation of their basiscepts, GRIFINOR can be used to
point at and explain the concepts in detail, antedessary also alter, extend or improve.

1) GRIFINOR uses basic coordinate systems typigalgeographic applications. Relations
between geographic, spherical and Cartesian geoarettordinates which constitute the

geometric computational core of the system areigeav 2) The GRIFINOR source code

also addresses inverse cartographic projectionseftly applications of transverse Mercator,
such as UTM only) on which the role of cartographiojections can be demonstrated back
in original three-dimensional space. 3) The nextanant aspect implemented in GRIFINOR

is spatial subdivision used in indexing, which igracial concept for databases with huge
amounts of data. GRIFINOR is inherently 3D system $patial subdivisions in 3D space

and their use for visualization queries can be detmated as a comparison to widely used
2D cases. 4) Role of convenient data representédiaa model) is another basic concept in
geomatics covered in GRIFINOR. The system desi¢pwal for simple data structures as
well as advanced object-oriented representationkchwban be demonstrated using the
system. 5) Students should also know that the erbéer shape of planet Earth (from which
physical heights are calculated) is NOT simple getoynand depends on gravity field of the
Earth. Classical representation of geopotentiabtbam spherical harmonics is included in
GRIFINOR's source code and the concept of geoidbsaaddressed with this part of the
system. 6) An important part of GRIFINOR as wallodk most geographic applications is the
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process of presenting data in visual form, whica mimer for all kinds of geo-visualization.
7) The last relatively broad subject that can bealestrated to students using GRIFINOR is
web-based mapping, which usually consists of URérguwand reception of a raster image -
both can be found in the implementation.

3.3.2 Modelmap-making

The first group of potential projects is about tren content that can be brought to
GRIFINOR for visualization purposes and possibly forther interaction. The following
proposals might provide some inspiration regard@ester or final projects in geomatics.

1) Methodology for semi-automatic creation of geterenced 3D modelmap using scanned
floor plans, topographic maps or from vector dasesaor mere attributes. This project would
use 3D modelling tool Blender (www.blender.org)eTesult would describe a procedure for
3D modelling of geographic features at multipleelsvof detail and their consequent loading
and geo-referencing into GRIFINOR object database.

2) Collect information about available Web Map $egs (WMS) in a catalogue and build a
simple function that constructs URL query for aegivgeographic coordinates and a given
service from the catalogue. The result could diyeexploit ability of GRIFINOR to drape
geo-referenced images on the topographic surfa@DinThis would result in effective 3D
application of WMS.

3) Another subject is evaluating the influence ettings for SRTM terrain data loader for
GIG surface representation on the resulting geonudtthe topographic surface. This would
result in a better evaluation of the multi-resauotrepresentation of the topographic surface
used in GRIFINOR as well as to its improvements.

4) Data representation of simple geometries, sschlane, cube or sphere using procedural,
instantiated and referenced representations (KB(¥¥7) and evaluation of their influence on
performance. The result would reveal limitationghe three types of content objects used in
GRIFINOR. This would be useful in decision whethgplication can use data directly from
a relational database, such as PostgreSQL/PostGésen reference ESRI ArcObjects.

5) Classification of elementary user interactionthweatures in GRIFINOR's modelmap.
Students would provide descriptions for many usdfitéractions with different kinds of
features and classify them from the most generaintist application-specific. Example
interactions might be “perform SQL query to relaabdatabase system” or “open new web-
page at given URL” or mere “hide”. The most gendrderactions will be included in
GRIFINOR platform.

6) Comparison of ontology of CityGML, Industry Falation Classes (IFC) and SEDRIS
international standards. The result would includgppings of the associated data models
(XML Schemas) to new definitions in terms of GRIEIR objects.
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3.3.3 Application and System Development

This section provides some examples in order toothstnate the range of potential projects
related to GRIFINOR that might be interesting imgatics.

1) One example of a project could be use of GRIP®spectives (see Documentation
section at www.grifinor.net) in coordination withVikiProject Geographical coordinates” of
Wikipedia or with a similar georeferencing initiai available on the web. This subject could
extend GRIFINOR's capability being launched fromweb page by a richer interconnection
with the content from the web.

2) Experimentation with georeferenced multimediarees such as video and audio data
inside the GRIFINOR scene is another example adesttiworking. The ability of having
video and sound rendered in the 3D scene couldxpmred in this topic. Although it is
technically possible today, a work must be doneualtoe best way to prepare, store and
structure the data.

3) One project could deal with comparison of vasiaata representations for linear or very
long features. Multi-resolution representation afes is crucial for features such as
shorelines, break-lines or roads in general. Thigjext has relationship to cartographic
generalizations and solution would have use in nspegific applications.

4) Regarding visualization, there is a topic ofuafce of different rendering parameters (e.g.
lighting, colour properties or polygonal represéntg on the resulting geo-visualization

effect in 3D scene. This would result in a distioictof different human perceptions of the

image and potentially also classification of thgserceptions in the context of geo-

visualization in 3D and with respect to the staddzarameters used in computer graphics.

5) Motion through the scene is a different challen@oncepts of path definition and
transition of camera between predefined perspeciivéhe geo-referenced 3D scene, would
allow for video guides, place presentation or noissehearsal applications. This would result
in definition of new custom navigation moves, whichight be useful for navigation in
specific situations.

6) In GRIFINOR was implemented classical model ebgptential used in geophysics.
However it would deserve to elaborate a bettegnaigon of the current representation of the
topographic surface. This could result in a diractess to normal heights along with
geometrical heights and it could also involve ascis other quantities in relation to the
geopotential model, such as acceleration, gravioyrealy, or deflection of vertical.

7) Another challenge would be to collect methodssfaving coordinate geometry problems
in civil engineering and land surveying (COGO fuons). Result would demonstrate
conventional surveying techniques and instrumesmatiealing with coordinates of points,
distances and bearings between points associateddentifiers and descriptions. This could
also demonstrate standard field surveying procedsch as a traverse or a series of layout
measurements. Value would be primarily educatiod@monstration of a’virtual land
surveyor”.
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8) Last example for GRIFINOR related topic mightidsanging more inverse map projections
aside currently available transverse Mercator. Témult could demonstrate their effects
during education but also for exploit GRIFINOR'sliap to instantly drape satellite and

topographic maps on the three-dimensional reprasentof the topographic surface.

3.4 Proprietary Software in Education

GRIFINOR has been developed as software that doelldsed freely by anybody interested
in the implemented solutions. It is considered tiraversities have a duty to use such kind of
software for three reasons. The first reason isrttester programmes should direct students
on the path to self reliance and NOT to becomesusieproprietary software. Therefore study
programmes in geomatics should NOT teach any softwaroducts that might be
constraining or even unavailable for their gradsiatepractice. The second reason for free
software at universities is regarding the qualify edlucation, because with proprietary
software one cannot explain the exact internalshefsystem even if it is an essential or
otherwise interesting concept. One also cannotdirgerested, talented students to study
certain aspects deeper because those details @edssthat nobody at the university can
know about. The third reason is to save money essiis money to pay regularly for licenses
of proprietary systems. Every school system we kobug pressed for money. But even if
commercial companies give out a free sample of retapy software for students the offer
should be re-considered because the reason tauptited samples are exactly the same why
other companies giving away free samples.

GRIFINOR is one from a large family of software ttigmarantees freedoms in its users and
legally enforces these freedoms through its licer3ece you get GRIFINOR or other
software under LGPL license you can use it any timeghe future for any private or
commercial purposes, but whenever you will wanprmvide it to others it must be under the
same terms. GRIFINOR is also maintained along eittire Linux-based operating system,
which consists of software components that preséneesame freedom for all software
equipment running on the computer and thereforebmapassed around to students freely
without legal constraints. This system can be tdsod at www.grifinor.net.

4. CONCLUSIONS

This article identified some impediments of cargyiout education programs in geomatics.
The use of source code of education was suggestedpassible remedy. But at the same
time a lack of specialists who could wisely andnsieagsly deploy such new teaching

methods was pointed out. Nevertheless, in ordehémge the situation the article considers
the use of source code with open source softwaréh@only possible solution. As an

example use of source code for education, the GRIR platform has been introduced in

the context as a potential tool to address thestiglgms. The possible uses of the GRIFINOR
platform were sketched through the enumeratiorr@ept proposals. Everybody is invited to

try GRIFINOR and point out its weaknesses and demkb for education in practice at

www.grifinor.net.
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Experiences with Implementation of the Bologna Agrement in Slovakia

Alojz KOPA CIK, Slovakia

Key words: Bologna agreement, geodesy education, harmoaoizati
SUMMARY

The Faculty of Civil Engineering of the STU Bra#igh was one of the first which started in
1995 the changes in education according the Bolagmeement. In the surveying education
were started the new study programmes with newatliarthe same year. Next years were
step by step changed the surveying programmeseabttier faculties and universities in

Slovakia. Last one was in this process the TU iSi&& where the mine surveying education
was changed to the surveying education accordi@d@tiogna agreement in 2005. With this
step was finished the innovation process in Slazakhe experiences about this process will
be presented in the paper. Some remarks will bengabout the acceptance of surveying
bachelors by the practice — government, cadastveceeprivate sector and the chamber.

1. CONTRIBUTION

The Bolonese challenge declare the creation otdnemon education space in Europe, with
student and education staff mobility and clearesysof education levels organised in series.
It is shows, that these requirements can fulfil ¢hstem of education which is similar to the
system of universities in England or in USA, theglude the bachelor, master and PhD.
study. The economic conditions (possibilities) obrem European countries enable the
application of the pyramid system with successe@uction the number of students at the
higher level of study. The study at the higher leseonditioned by successful graduation at
the below level in the same area of interest acdessful entrance examination.

In European countries are increase the numbeludests at universities. We evidence more
than 50% increase in many countries. These changesls the re-structuralisation of

university education in whole of brightness. Thedpean university education must react
the variability of student population which is camgito universities and commonly must

fulfil the requirements of the praxis, to decre#is® number of high educated professional
staff. The praxis define exactness the educatiosl lef the future professional staff. It needs
not only theoretically educated research persdnal personal able to creative way deepen
the knowledge in their area. In the light of theueement of the continual professional

development (CPD) will be increase the significaéethe postgraduate form of higher

education (PhD. and another form of study).

2. HARMONISATION PROCESS IN SLOVAKIA
The application of the Bolognese agreement watestan 1995 in Slovakia. Before this time

were Geodesy and Cartography programs providebeaSlovak University of Technology
(STU) in Bratislava only of 5 year duration. Thesfichanges were made at the Zilina
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University in Zilina and the STU Bratislava (Fig. Bfter that have ben provided at the STU
Bratislava programs at all of education levels ftedar, master and PhD.), at the ZU Zilina
the bachelor program only. In similar field of syigl(mine surveying, geography, space-
photogrammetry etc.) are provided this time studygpams more than five universities, e.g.
at the Komensky University in Bratislava, Technitaliversity in KoSice and the Technical
University in Zvolen.

Surveying and similar
education
in Slovakia
]
|
1 1
STU Bratislava ZU Zilina TU Kogice
"Be" -3 years "B - 3 wears. .
"WMs." - 2 years | "Ms."- 5 years
"PhD " -3 (5) years "PhO" -3 (5] years

Uk Bratislava

“hlgr " —.5 years
"PhD." - 3 (5) years

ni Zvolen

"hs " - .5 years
"PhD" - 3 (%) vaers

Fig.1 The situation after 1995 in Slovakia

Various study programs, mainly their heterogenemments unable the mobility of students,
declared by Bolonese challenge. Therefore was dédid finalise the harmonisation of all
curricula in Slovakia and consecutive in Europeagian. According this was held the first
meeting of the representatives of TU Kosice, ZUndiland STU Bratislava in November
2000, where were compared the curricula contentslloparticipants. The base of this
discussion was given by the Geodesy and Cartogreyticula of the STU Bratislava, which
was accredited in April 2000.

In January 2001 the Ministry of Education had dedinthe group of specializations in
Slovakia. Next was established the working groupG|Vef representatives, which should
create the basic frame of study programs in GeodedyCartography. The WG had defined
the list of obligatory and facultative objectivéiseir credits and minimum hour sizes.

The minimum quantity of the obligatory objectiveasadefined at level 66% for BSc. study
programs and 50% for the MSc. (Dipl.-Ing.) studpgrams. It was defined firs time the
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credits and hour sizes for the PhD. study progradous,For accreditation had prepared study
programs in Geodesy and Cartography three uniiessit STU Bratislava, University of
Zilina and the TU KosSice (Fig. 2).

Surveying education

in Slovakia
| |
STU Bratislava ZU Zilina TU Kosice
"Bec." - 3 years "Be." - 3 years. "Bc." - 3 years

"Ms." - 2 years
"PhD." - 3 (5) years

"Ms." - 2 years
"PhD." - 3 (5) years

Fig.2 Study programs prepared for accreditation

In January 2004 were finished the accreditatiostofly programs at University of Zilina and

at the STU Bratislava, without the PhD programyadited in 2005. The accreditation of the
study programs at TU KoSice was made in April 20D&tgoing from the prepared materials
can be concluded, that through the new program$dn@monized surroundings are build in

the field of geodesy higher education in SlovalS8tudy programs offered by these three
universities after September 2005 are fully harmeaiand enable the free mobility of

students between these universities in Slovakia.

3. HARMONISATION PROCESS IN EUROPE

At European level was started the harmonisatiocge® in Geodesy and Cartography at the
workshop in Delft — November 2000, which was orgad by FIG Commission 2 and
CLGE. At the workshop was presented the first tesol the curricula contents analysis of
European universities (CLGE/FIG, 2000).

Very important is the activity in the field of cizula content harmonization that is in process
in the frame of the international project of EurapeFaculties of Civil Engineering —
EUCEET. The aim of this project is supporting afermational student and education staff
mobility. The project was started in 1998 with papation of more than 15 faculties. The
Faculty of Civil Engineering of the STU Bratislawes participated on the EUCEET project.
Our faculty completed the project database by threaula of tree Slovak Civil Engineering
faculties, the faculties of Civil Engineering ofettuniversity of Zilina and TU KoSice, too.
As results of this project is the publication, whigcluded the basic information about
faculties and the curricula contents of all prodd&gudy programs. In the frame of this
project were completed individual publications atibwe participated faculties, which include
all information’s about the faculty, their currieucontents, education staff, libraries and
laboratories. In this publication are included tindormation about accommodation and
cultural live in the city and country (EUCEET, 199%his year was started the third epoch
(EUCEET Ill) of this EU project.

In November 2002 started the EU Socrates Projecbfean Education in Geodetic
Engineering, Cartography and Surveying (EEGECSk ploject is originally created by
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geodesy, cartography and surveying institutionsiclwhmain objective was to enhance
collaboration and co-operation between higher diutainstitutions, which offer these

studies, trying to reach the objectives and reconuagons of the Bologna and Prague
Declaration (EEGECS, 2004). EEGECS has a parteeodti1 institutions from all different

European countries. The project involved univessitias well as public and private
institutions such as associations, city halls, cangs, etc.

The aims of this Thematic Network have been strectun six topics and Working Groups
(WG’s):

- Undergraduate education

- Research, PhD programs

- Continuous education, e-learning and European dsioerof studies

- Enterprise-private sector

- Mobility, languages, culture, citizenship, sociahesion, etc.

- Quality assurance.

Base the project aims will be make comparativeyammalof study programs, state-of-the-art
of the ECTS implementation and Diploma Supplemealdpton. The analysis of existing

PhD program models was started and including ofmptmn of joint research programs in

different countries. To analyze the needs of pevaector the survey of the student
applications within Europe was started. It will reate the network of enterprises willing to
accept students under practical training.

Each of these international projects prepares mmébion’s they will be discussed at
universities and EU Commissions. Result of thigtiridiscussion should be the optimal
model of study program they should be accepted riyeusities as standard in university
education.

4. CONTINUAL PROFESSIONAL DEVELOPMENT

Connection to permanent technology development eiiaming the requirements on
professional education of surveyors and cartogmsphEor the continual professional
development (CPD) process are significant the naatly organised seminars, conferences
and presentation of research results. It will bedntant to support the information change
and communication between professional staff ofgames and universities.

Commonly with political changes in 1990 are newf@ssional organisations, chambers and
associations formed in Slovakia which conjugatevigiers of regulated profession. By
organisations are exactly defined the requiremémtsprofessional development of your
members. For example the membership of Chambarreégors and cartographers (CSC) is
conditioned with short course which is graduatedekgmination. The course contents are
defined by the CSC and the course is provide byaDegent of Surveying at the STU
Bratislava (Kopéik, 2003).

Besides the mantioned program for CSC are by thwe$ing Depertments of the STU
Bratislava offered 3 postgraduate programs:
- GPS applications in Geodesy — 40 hours, final ftexte
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- Modern technologies in engineering surveying — 60r& + 20 hours training, final
certificate

- Methodology and organization of the cadastre —@#$1+ 5 days training, final
certificate.

These courses are offered for the graduated staideMSc degree programs in Geodesy and
Cartography, only. The certificate given by thevensity is accepted by all surveying and
civil engineering enterprises in Slovakia.

5. QUALITY OF THE HIGHER EDUCATION

Valuation of the quality of higher education infdient countries, at different universities

is very complicated process. The quality of thehhigeducation in Slovakia is controlled

(guaranty) from the site of government by thesegsees:

- Accreditation of current and new curricula contents

- Evaluation of all faculties by the commission of tinistry of Education with tree years
period.

It is true, that both of those processes are moeated to fulfill of the quantitative or formal
criteria as the qualitative criteria. The resultotreditation is the admission for the faculty to
educate and give the title in relevant field ofdstuThe faculty evaluation is the valuation
process specially oriented to the categorizatioevailuated subjects, to arrange the faculties
for determination of the volume of financial supprudget) from the government.

The exact achievement of accreditation criteriaumeq at first fulfill the personal
requirements and at the second the material regemes. The quality criteria of the
pedagogical process are so repressed (eliminayetthelevaluation process. Another way the
faculty evaluation is more oriented to the qua{yality assurance). In this process are the
faculty evaluated as complete and not the provededy programs at the faculty.

To this time fully absent the quality assurancehaf pedagogical process from the point of
view their results — the graduate students. Theynaissing at this time any information in

this process about acceptance the graduate studgmaxis, on the international job market.

The analysis this art make self the universitiedagulties only, to receive arguments for
advertising of new students. New information wi#t beceived here from companies, the
chambers and alumni clubs of universities.

As outgoing point can be accepted for the qualstyusance of the education at universities
the criteria defined by the European Association Ifadernational Education (EAIE). The
complete environment for university education higipgality includes (Morgan et all, 1999):

— Design of study programs and curricula contents

— Education, self development and valuation

— Individual work with students (consultations)

— Motivation of students for effort increasing

— Materials sources for self development

— Quality valuation.
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The university education higher quality is charestie with conditions suitable for purchase
of the new and permanent knowledge, with climateictv stimulate the students to create
and understand the relations between old and neswlkdge. Creating conditions they
enables creative work of students with aim to apipéynew knowledge solving the problems,
build model situations to encourage students taeaehtheir competence give knowledge
another, together create environment their enceurstgdents to achieve new and new
knowledge.

Heterogeneous materials and basis for quality aeserof education process in separate
countries unable the formulation of exact critesiad recommendations. The university
environment enables the organization of workshgpeyides discussion and periodically
sessions of university management and academié. dthé university should provide
continual development and self-development of etilicastaff support the horizontal and
vertical communication inside the university. Thaversity environment supports student
networks, creates connection between researchdutéion, organize seminars, conferences
and workshops, student and education staff mobilithe communication between
universities and their partners, users of reseashits and sponsors should be supported.

6. CONCLUSION

The harmonized professional environment, that maledakes the providing of profession at
higher level of quality, is one of the basic regments of the integration the country to
international structure. The participation of owuntry in non-government organizations
must in next years focused to the active attendam@®mmissions and realization of the
resolutions from these sessions in our countrar@a the quality assurance, too. Fulfill these
aims should:
— Build in quality assurance in all education procasd models
— Introduce (establish) these mechanism at univessiti
— Apply quality management systems developed in amatbuntries for the development

of our quality management systems to achieve higtityg by surveying education
— Assure fully acceptance and obligatory of CPD sysher all surveyors in country
— Support quality management systems in surveyingpemmes and corporations.

The universities should participate on educationn@nagement and design of quality
management systems. The university staff must bpgped to accelerate and support this
process.
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SUMMARY

Sustainable curriculum is currently being advocatednany educational disciplines and
professionals in an attempt to ‘solve’ many of émeployment problems confronting higher
education. In this contemporary approach, subjettdie geomatics curriculum are being
developed for providing double-profession programrmaed multiple-disciplinary studies by
applying a combination of the outcome-based approde social reconstructivist approach
and the research-informed approach. Key stagdsedifurriculum development are explained
including aims and objectives, the blended modetee need of swapping
cognitive/knowledge-centred and social/student+eghinstructional activities, and the use of
both formative and summative assessment in théitgaand learning activities.

1. INTRODUCTION

This paper attempts to illuminate how curriculumsigaers go about the process of
developing a sustainable curriculum for geomatighédr education. After ‘curriculum’ has
been defined together with its relationship to gedy and assessment, the paper discusses
the sustainable approach to the design and plansiirtge curriculum by combining the
traditional outcome-based approach, the socialngcactionist approach and the research-
informed approach. The process of curriculum dgvalent is then examined from
philosophical beliefs and aims of geomatics edoocatto specifying curriculum and
instructional objectives, implementing the curricul and instruction, and assessment of
instruction and the curriculum. Because the primiagus of this paper is on curriculum
development, less emphasis is given to the sulgatents and the instructional process.
However, such contents and instructional process ilustrated in (for example, Lam,
2006a).

Geomatics higher education encompasses the prookessurriculum, pedagogy and
assessment supported by and integrated with theesalbeliefs and culture of society
(Berstein, 1971). Berstein (1971) defines currioulas what counts as valid knowledge.
Pedagogy is the instructional process by which kedge is delivered and assessment
indicates the achievement of valid learning outcefnem acquiring that knowledge. Putting
into the context of geomatics education, their aand relationship can be determined by
answering the following questions:

- What is an educated land surveyor or geomaticserd?

- How to design and plan a sustainable curriculuwrder to fulfill societal demands?

- What should learners learn?

- How should the curriculum be learned, taught arsgssed?
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2. ACRITICAL REVIEW ON THE DESIGN AND PLANNING OF CUR RICULUM

What is an educated surveyor? Through the procedsehooling, independent learning and
professional practice, successfully educated songegre knowledgeable lifelong learners,
physically and mentally fit for the jobs and foroeomic self-sufficiency, and respecting to
the rule of law. Major orientations to the desigml glanning of a curriculum can be grouped
into the following approaches: outcome-based ambrodTyler, 1949), the social
reconstructionist approach (Eisner and Vallanc&4),9research-informed approach (Corey,
1953; McKernan, 1996; Senaratne et al., 2006), sustainable approach by combining
appropriately the aforementioned ones (Eisner aathhce, 1974; Skilbeck, 1984).

In the outcome-based approach, the curriculum epesses aims and objectives, expected
learning outcomes, curriculum content, organizatiomin teaching and assessment, and
continual evaluation (Tyler, 1949; Wheeler, 196IMe curriuclum emphasizes applications,
core/basic skills, background/pre-requiiste knolgesdand independent self-study (Gagne,
1974, 1985). Its main contribution is the improvemef teaching and learning, organising
sequence, and assessment of learners’ outcomesailtsveaknesses, however, are probably
the negligence of: school and resources managecteriges of school organization, teacher
character and community values; changes of learautgomes in cognitive domain (e.g.,
changes in learners’ thinking), affective domaing(echanges in levels of values and
attitudes) and psychomotor domain (e.g., changeeioeptive abilities of learners). In the
social reconstructionist approach, the curriuclumpbkeasizes social interests and individual
needs. It is difficult to apply among vast amouhtearners in the present role of education
and school but possible in workplace learning antkarning organizations. In the research-
informed approach, curriculum contents and prastaxe continually updated and improved
by action research (McKernan, 1996) (see Figure 1).

In the sustainable or ecological approach, knowdedgd practice are first agreed by
members of society under social reconstructionistdeh for environmental protection,

ecological coherence with the natural systems amdfuifilling the needs of society or

particular community. Wheeler (1967)’s outcome-lbasedel is then applied in the design
and planning of the curriculum by having the follog key cyclical stages: (1) aims and
objetcives (learning outcomes) determined from tleeds of society, needs and prior
knowledge of students and needs of teachers; (Brtem of learning experiences; (3)

selection of curriuclum content; (4) organizatioh teaching and assessment; and (5)
curriculum evaluation. Continual improvement of tberriculum will be undertaken by

applying the reserach-informed approach as shovagure 1.

This approach has less emphasis on individualsisiaad has the difficulty of understanding
the relationships between the subjects and iniegraheir knowledge to solve real-world
problems. The latter can be conquered by integyatthe curriculum in either
multidisciplinary approach in teaching a thematiit wwhich relates individual subjects to a
singular topic without making direct connectionsogs the subject areas, or connecting the
subject areas and relating them to real-life pnoislén learning and teaching (Fogarty, 1991;
Beane, 1997). Thereafter, knowledge are construttiesligh problem-based learning or
workplace learning so that learners can understarttlintegrate knowledge from different
perspectives and different subjects in an activeirenment. The overall quality of the
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curriculum can be evaluated under the categoriesstaffing qualification, learning
environment and accommodation, students’ accessqtopment, teaching and learning
guality, standards achieved by students (includimployment rate), and management and
quality control (Ashworth and Harvey, 1994).

3. WHAT SHOULD LEARNERS LEARN?

Valid knolwedge is what learners should learn. Bovhlid, the knowledge associated with
the geomatics curriculum must be expert knowledgesiified to have high status. Subjects
and modules of a geomatics curriculum for higharcation is illustrated in Table 1. Period
of study for each module is one semester or 14 syegih a total of minimum 42 hours of
lectures and tutorials for each core module. Cangiests with two modules are having
ordinary and higher levels. The ordinary-level conedules can become minor subjects
serving other departments. The programme would Iberedited by professional
organizations, both local and overseas. So thatpampletion of the programme of study and
professional training, students are qualified foe award of Professional Land Surveyor
Licence and/or Professional Information Engine@ebice. Along with the double-profession
degree strategy, the geomatics programme is hedalged with subjects of computing
science and information technology (IT) so thatdgetes can achieve a second Bachelor
Degree (BSc in Computing/IT) in one year of furttstudy. More undergraduate degree
programmes for raising multi-disciplinary professs are under collaborative deviopment
with other departments, for exmaple, DepartmenSahputing, Logistics Management and
Geography wthin the same university or with otheiversities. The Department of Land
Surveying and Geo-informatics of Hong Kong PolytechUniversity found that the
launching of these two value-added strategies imrY2005/06 Admission resulted in
increasing number of applicants and that betteritguaf high school graduates were
admitted into the Department. We also foresee morplyment opporutnities for our future
graduates in areas of land surveying, geo-IT, &8, estate and government services (e.g.,
security forces).

4. HOW SHOULD THE CURRICULUM BE LEARNED, TAUGHT AND
ASSESSED?

What are the learning experiences? Blended learemgronment is most effective for

supporting experiential and situated learning byloiming different disciplinary models with

different media to create optimum teaching andniegr programme (Bersin, 2004). The

blended teaching and learning models recommenddéEtlsin (2004) are e-learning blended
with media or events, instructor-led programme tézhwith self-study and e-learning, on-
the-job training, and use of simulation systemgeive learning is also found with directed

instructional method in the situation where revis@ re-teaching of the topics is needed by
swapping the cognitive/knowledge-centred model sowal/student-centred model back and
forth as shown in Figure 2. Formative or continu@ssessment helps to communicate
lecturer’s expectations and standards to studewtscaimprove students’ knowledge level by
providing them with answers of the assessment. h&t énd of the session, summative
assessment in the form of written examination iganized to assess the effect of the
completed programme and compare the performancgudients for selecting successful
learners to receive awards, scholarships and addadewel of studies. Teacher performance
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can be assessed by the overall student performsiucksnt feedback questionnaire, teaching
portfolio, in-class peer evaluation by colleaguesacademic advisors, and the teaching and
learning committee. Further evaluation of the cwlum is anticipated in the form of
research-informed approach in which assessmealated to the specific measurable learner,
process or outcome objectives of the curriculum.

5. CONCLUSIONS AND FURTHER DEVELOPMENT

This paper has presented the development of aisaiska curriculum for geomatics higher
education by applying the two value-added strategié providing double-profession
programme and multiple-disciplinary studies so tgabmatics graduates become multi-
disciplinary professionals and have better emplaymepportunities in their careers.
Moreover, geomatics education should not be boumdside educational institutions only
but extended to informal and non-formal educatiorstipport lifelong learning under the
models of workplace learning, learning organizajonknowledge management,
organizational learning, communities of practicecial learning systems and the learning
cities (Reeve et al., 2002, p. 1). Future developgnodé the curriculum will continue with
emphases on multi-skilling, problem-solving skdlsd management and social skills required
of individuals. Curriculum research on geomaticsois-going, and the authors would
appreciate receiving comments from readers who trtighe on any aspects of geomatics
education.

Cycle 1 Cycle 2
Actionrequires improvement

Problem situation

(7) Decisions /\ @

[

)

[
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(5)1(-'2%’::2;225’11311 (S)Hypotheses ideas revised plan (3) New hypotheses
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Fig. 1: The spiral-cyclical model of curriculum easch. Modified from (McKernan, 1996, Fig. 1.6)
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Y

Step 1: Establish curriculum contents, topics, and criterion-referenced assessment

Y

Y

Step 2: Topic(s) taught to or experienced by students in instructional process

Y

Step 3: Assessment of student learningby, e g, oral or written presentation and test.

Y

Step 4: Assessment result and feedback to students

Yes

Revision or Re-teaching
needed?

Improvements
to curriculum
contents

I  RepeatSteps 2, 3 and 4 for remaining
No l topics at appropriate time intervals

F Y

v

Final Step: Evaluation of student learning at the end of session by, e.g., final exam.

A 4

Successful learning

Fig. 2: Formative and summative assessment thaostgpa teaching and learning process

(Lam, 2006b, Fig.1).
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Table 1: Subjects and modules of BEng/BSc programn@eomatics

No. of
Major subjects Modules

Geodesy and Global Navigation Satellite Systems§6N 2
Photogrammetry 2
Remote Sensing and Image Analysis 2
Engineering Surveying 2
Cadastre, Land Registration Information Systemd$)Rnd Land Administration 2
Spatial Information Management and Geo-Informaifiechnology (Geo-IT) 1
Applications of Geographic Information Systems (G1S 1
Cartography and Map Production 1
Hydrographic Surveying and Hydrographic Informatystems (HIS) 1
Statistical and Adjustment Analyses for Geomatics 1
Geomatics Business Management 1
Geomatics Research Methodology and Dissertation 1

Survey Camps/Projects (Control Network, GIS Mappirfghotogrammetry 2
Hydrography, Boundary, and Metrology/Construction)

Sub-total: 19

Minor Subjects

Advanced Engineering Mathematics

Computer Programming and Data Structures for Ergie

Information Systems and Internet Technology

Construction Technology and Management

Environmental Engineering Systems

Property Appraisal, Development and Finance

Urban Economics

Real Estate and Facilities Management

Second Language

Subjects of humanities and introductory knowledfyetber professions/discipline

Sub-total:

Total Modules

SRR TN

2]
N

[y
w

w
N
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SUMMARY

The introduction of the paper features a brief @néstion of the Faculty of Geodesy of the
University of Zagreb as the only high educatiortiingon in Croatia at which one can study
geodesy and geoinformatics at undergraduate, gimdu@ostgraduate levels.

The focus of the article is the description of wgdaduate study of geodesy and
geoinformatics at the Faculty of Geodesy of theviersity of Zagreb. This study started
according to the new curriculum in academic yed5206. The paper notes first experiences
of applying the Bologna process on first two getiens of students. Some characteristics of
this study are: a large number of students, simatias introduction of academic institutions
information system, beginning of e-education, abseof Study Regulations, execution of
continuous assessment of students’ knowledge ailig, glartial or complete exam removal
for some students, financial problems, etc.

Besides the student survey, which is being cardatd in the same way for the whole
University, results of surveys by the Ministry otiénce, Education and Sport were
interpreted, as well as the survey by the viceereftir education of the University and the
survey that was recently conducted independentistigents of the Faculty of Geodesy.

1. INTRODUCTION

Croatia has a rather long tradition of higher etiocain surveying and geodesy. The
textbook written by Martin Sabolo¥iExercitationes Gaeodeticagas printed in 1775 in
Varazdin. The first diplomas young graduates wemesgnted certifying they passed all
necessary exams to acquire the academic degreauimatizations to act as surveyors were
handed in 1811.

After the Royal Forestry Academy had been foundedagreb in 1898, geodesy was taught
there among other technical subjects. The Geo@etizse (Geodetskidaj), whose 'learning
basis' was completely identical to the curriculah® geodetic studies at the high schools in
Prague and Vienna, was included in the Forestrydéwe program. At the moment of the
foundation of the Technical High School in Zagreld919, the Geodetic Course moved to a
newly founded school, and then its academic stafissdefined.

It was in 1962, when the Faculty of Geodesy oflilméversity of Zagreb was founded. Since
the, the Faculty of Geodesy has organized the tsityaundergraduate studies for acquiring
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high level education and postgraduate studies ¢quanting the MSc and PhD degrees in
the field of geodesy. The university undergradstielies lasted for nine semesters, including
the creation of diploma thesis. These nine sensester actually just a theoretical value
because the average duration of study was almesh sears.

The university curricula were altered several tidesng the last century. The last 'Bologna’
change of curricula at the Faculty of Geodesy,ale at almost all faculties in Croatia, was
done in 2005.

2. THE NEW BACHELOR STUDY OF GEODESY AND GEOINFORMATIC S IN
ZAGREB

The basic elements of the latest reform are: inttod) law and management into the
curriculum, considerable reduction of the numberclaisses of some traditional subjects,
introducing numerous new professional subjectsedlto informatics, a filed with increasing

importance. In order to successfully execute the crriculum, of importance are decisions
by the Faculty Council, according to which the pssiors are required to prepare their
lectures for the new subjects in digital form andken them available to students via web
pages.

The new Bachelor and Masters curricula in Geodesly@eoinformatics at the University of
Zagreb, Faculty of Geodesy were approved by thadttinof science, education and sports,
and the Bachelor studies started in 2005/06. Betoraing to the new curricula, it was
necessary to make a decision concerning the néavdiitstudy programs and define new
educational profiles for bachelors and masters.

Scientific work and its connection with the educn#l process have affected the consistent
introduction of new concepts in education. Duentreasing application of new technologies,
the study title itself was also changed, from Gegde Geodesy and Geoinformatics, which
is also going to help change the image and incréeesaffirmation of the profession. In that
context, this change was just a logical continumtwshich is supplemented by adapting the
study to the Bologna Process.

The new Bachelor studies in Zagreb last three ydhet is six semesters, and a student
obtains 60 ECTS points for each academic year iictwhe or she meets all regulated

conditions. By finishing the undergraduate studi@se acquires 180 points and the title
bachelor or baccalaureus in geodesy and geoinfasna@nd competences for executing all
works of today's professionals in surveying, gegdgeoinformatics or geomatics, with a

lower level of responsibility than graduates, tisatasters. The Bachelor studies end with a
final exam for those students who do not wish taticoie to study.
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2.1 Some Statistics

Graduate engineers in geodesy have never had fiicylties in getting employed in Croatia,
and the present situation in the work market inggahat each of 40 annually graduating
engineers finds an adequate job immediately. Rrigcatnpanies and the public sector grant
scholarships and stimulate students in other waysder to provide high-quality experts for
them.

The first semester of the academic year 2005/0@irfe@ the first education according to the
new Bachelor program Geodesy and Geoinformaticaptad to the Bologna Process.
However, one should take into consideration thas themester is not going to be
representative by its results, since the numbestudents enrolled in the first academic year
(224) was almost double the number of studentslledrm the academic year 2004/05 (115
students). This was because the enrolment quotaneesased (from 115 to 135 students),
the possibility pf enrolment according to the spketaws (26 students), and the fact that
students who failed the 1st year were directedtudysng according to the new Bologna
Process (63 students). It was impossible to exepatallel education for the first year
students of old and new programs. The great numib&iudents made difficult the execution
of continuous student's knowledge evaluation, arehtor work with smaller groups of
students was made completely impossible due todapkofessors and assistants.

There were 263 candidates at the classificatiocguhore in the academic year 2006/07. A
total of 144 new students enrolled, 90 out of whield their study financed by the Ministry
of Science, Education and Sport, 25 enrolled fosqeal needs and 29 according to the Law
about Rights of Croatian Defenders from the HonmeMfar.

According to the new Bachelor and Masters curri@fl@&seodesy and Geoinformatics, the
optimal number of students able to enrol with retpeo space, equipment and the staff
number at the Faculty of Geodesy, University of r2agis about 150. However, looking in

advance at the possibility of employment and ne#us,Faculty plans to enrol 115 new
students in the next academic year, 2007/08.

The main characteristics of this study in Zagred arlarge number of students, simultaneous
introduction of Academic Institutions Informatiorlyssem, beginning of e-education, absence
of Study Regulations, execution of continuous asgsest of students’ knowledge and skills,
partial or complete exam removal for some studdimancial problems, etc.

One of the largest unknowns in applying the Bolo@htacess is the financing of study
programs. Until now, the financing of faculties wdene according to the number of
students, or the number of education staff. Inftitere, programs are going to be financed,
while the faculties are going to have a great déautonomy.

According to the first research, the new progranakenthe studies 30% more expensive.
Since the Ministry of Science, Education and Spbthe Republic of Croatia has not allotted
the required resources for covering material expe$ studying at the right time in the past,
it is not known how it is going to work out in theture.
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3. SURVEYS ABOUT THE IMPLEMENTATION OF THE BOLOGNA PRO CESS
AT THE UNIVERSITY OF ZAGREB

Besides the student survey, which is being cardatd in the same way for the whole
University, results of surveys by the Ministry oti€ce, Education and Sport will be
presented here, as well as the survey by the eicten for education of the University and
the survey that was recently conducted indepengertstudents of the Faculty of Geodesy.

On the basis of meeting with vice-rector for ediagtProf. Dr. Vjekoslav Jerolimov, on the
basis of numerous meetings with vice-deans for &tituc of other faculties, mostly technical
and mostly with vice-deans for education of theuRacof Architecture and the Faculty of
Civil Engineering, the basic conclusion is that #eecution of the Bologna process is
proceeding as planned, although with numerous pnob| obscurities and issues solved on
the run, as minister of science, education andt§poiDragan Primorac suggested.

Within that context, it was suggested that thet firsar of applying the Bologna process
should be used to verify various forms, models, sval/carrying out instruction, etc. with
mandatory continuous knowledge evaluation withgbssibility to have the students not take
a part of an exam or an entire exam where possible.

Former discoveries in applying the Bologna Pro@ske University can be viewed through
several researches and analyses. One of them wasiated by the Ministry by means of
survey «Evaluation of the Success of Executing YsRrdgrams Carried out According to the
Bologna Model». Questions were like:

» Are the courses well thought-out, arranged andegiad

» Can the students choose between a sufficient nuailmgtional courses at the faculty?

» Can the students choose between a sufficient nuailmgational courses at other
faculties?

» Evaluation of student mobility

» Are the criteria of acquiring ECTS points clear?

» Evaluation of exam passing after the winter exanope

* Does the high-education institution possess entegbre rooms, gymnasiums and
laboratories?

» Evaluation of the number of scientific-educatiosiaff needed for normal execution of
education

» Evaluation of the number of assistant staff neddedormal execution of education

* Evaluation of the load of lectures, seminars aret@ses on students

» Evaluation of the equipment of high-education bugion for execution of instruction

» Evaluation of informatics equipment, etc.

Overall success grade of executing study prograsosrding to the Bologna model is very
good (4).
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Vice-rector Jerolimov requested that faculties cantmon the new study model and
suggestions for its improvement. We stressed tf@sts: too many students, not enough
professors and collaborators, not enough lectuoensp computer rooms and laboratories.
Despite these problems, the results of the firstester of the academic year 2005/06 are
satisfactory according to our assessment. On this lod our and other comments related to
the new study model, vice-rector Jerolimov obtaitiedaverage grade of little over sufficient

).

It can be seen from this that there are significhsproportions in the overall success grade
and what their magnitude is in certain elements.

Knowing the fact that it is not easy to realize ne@as and change the foundations of the
program in just a year and expect everything wdrkvout flawlessly, the question is who is
going to be affected. Namely, the adequate conditior students are not secured, and the
criteria have remained the same.

In order to enrol the second year, a student néeddtain all 60 ECTS points. Only 24
students achieved that, which is about 10%.

In order to gain better insight into the quality iobtruction of particular courses of the
bachelor study Geodesy and Geoinformatics, studevts independently conducted a survey
among the first generation of Bologna students. Jumgey was completed by 120 students
that graded certain elements with grades 1-5: tas$ss professors, organisation and
difficulty of all courses from the first year, inding optional courses they attended. The
results of the survey were represented by diagramd,finally an average for each course
was formed from assistants, professors and org@msaexcluding difficulty because it isn’t
related to the quality of a particular course. Wieading the difficulty of a course, 1 meant
easy, 5 difficult (see Fig.1-5, adopted from Baand Delé& 2006).

Analytical Geomerty 1438
and Linear Algebra ‘

Geodetic Instruments ]4.3

Land Surveying 14,3
143

Field Measurements

Basics of Informatics 4.1

Basics of Geoinformatics ]3.7

Programming ]38

Mathematical Analysis 3.2

Analysis and Processing 123

of Geodetic Measurements

Fig. 1: Assistants versus courses
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Spherical Trigonometry
Basics of Informatics
Basics of Geoinformatics
Computer Geometry
Introduction into Geodesy
Land Surveying

Field Measurements
Programming

Basics of English/German
Geodetic Instruments
Mathematical Analysis
Principles of Land Register Law
Physics

Business Communication

Analysis and Processing
of Geodetic Measurements — T T i

1 2 3 4 5

Fig. 2: Teachers versus courses

Spherical Trigonometry
Analytical Geometry and Linear Algebra
Basics of Informatics

Field Measurements

Basics of Geoinformatics
Programming

Introduction into Geodesy
Computer Geometry

Land Surveying

Geodetic Instruments
Mathematical Analysis

Basics of English/German
Principles of Land Register Law
Physics

Business Communication

Analysis and Processing
of Geodetic Measurements

Fig. 3: Organisational aspects versus courses

Besides the overall deficiency in execution, sopecHic problems and obvious omissions in
planning the curriculum that contributed to baduhesshave to be addressed. The most
problematic course from the first year, which candeen from the student survey (Bozi
Dela 2006), seems to b8eodetic Measurement Analysis and Processingourse which
encompasses and summarizes matter from earlieseotlrror Theory and Adjustment
Calculation 1 and2. The problem is the fact that only 35 out of 22ddsnts passed the
course’s exam, which raises the issue: what or thkgoroblem is? According to students,
the problem is primarily that the course is conglietnadequate for the first year, because of
insufficient knowledge of mathematics and the fdwt students have to struggle with
measurement adjustments the likes of which they mver encountered before, neither in
practice, nor in theory. Furthermore, due to latkssistants, only two instead of three hours
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(as in the curriculum) of exercises were held eaebk. When one takes into consideration
the fact that a student needs his or her exam tbB&o correct to pass and even in that case
may sometimes not pass, the answer to the questignonly 15% percent of the students
passed it becomes quite obvious.

Analysis and Processing
of Geodetic Measurements

Land Surveying

Mathematical Analysis

Physics

Principles of Land Register Law
Programming

Geodetic Instruments
Computer Geometry

Business Communication

Field Measurements

Analytical Geometry and Linear Algebra
Introduction into Geodesy
Spherical Trigonometry

Basics of English/German
Basics of Geoinformatics

Basics of Informatics

Fig. 4: Difficulty versus courses

Analytical Geometry and Linear Algebra
Spherical Trigonometry

Basics of Informatics

Field Measurements

Land Surveying

Basics of Geoinformatics
Geodetic Instruments
Computer Geometry
Introduction into Geodesy
Programming

Basics of English/German
Mathematical Analysis
Principles of Land Register Law
Physics

Business Communication

Analysis and Processing
of Geodetic Measurements

Fig. 5: Average grade versus courses

It is also important to stress that drastic reductf matter from previouslathematicsl, 2
and3 and in a way putting mathematics into the firghester led to difficulties for students
in the coursifferential Geometryn the third semester because it appears thaestsidio
not possess enough knowledge of differential catoad. These are only some of the
problems perceived in the student survey carrietddabuihe Faculty of Geodesy in Zagreb.
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Time will show how the instruction is going to benducted in the future and which
measures are going to be taken in order to impefi@ency of the study.

4. INSTEAD OF CONCLUSIONS

It appears that executing instruction accordingh® Bologna Process is more similar to
elementary and high school instruction than the magt of us studied and later carried out
instruction. On the other hand, the high school waynstruction, ending with a national
exam and national tests which started in 2005, waHier announcements that success in
elementary and high schools should not be gradedjyang to lead to high education way of
instruction, sooner or later. Consequences andtsesusuch, as it seems, change of way of
instruction, are not going to be seen before & dr even more years, when first students
studying according to new programs graduate.
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SUMMARY

At the beginning, the paper gives a short overnademthe present situation about the interest
on surveying studies in Austria. In the second,dghd authors scrutinize the paradoxes, that
due to a huge number of new surveying technologies,to new markets for surveyors, and
due to the promoted good job perspectives the nuofbgurveying students is decreasing or
at least stagnating. Finally, strategies for imprgvthe interest on surveying studies are
outlined.

1. INTRODUCTION

“Official Warning: Don’t study Surveyifigvas the subject of an official letter sent by the
president of the Austrian Federal Office of Metggtoand Surveying (BEV), Alfred
Gromann, to the rectors of the Universities of Tetbgy in Vienna and Graz. In this letter,
published in the journal of the Austrian Associatmf Surveying, Gromann pointed out the
discrepancy between the increasing number of stademd the limitation of available jobs
and he requested the universities to inform incgnstudents about the dismal situation of
employment in the field of surveying (Gromann, 1932

In the last 75 years a lot of things changed. Oytire last decades in Austria, Germany and
Switzerland the number of students in surveying dexreasing or stagnating - contrary to
the general trend of growing totals of studentssteged at Austrian, German or Swiss
universities.

Institutions providing academic surveying educata starting to promote very actively the
surveying studies. Messages, likieb possibilities of graduates in surveying arewamays
good to excelleit (Geofuture, 2007), Graduates of surveying are objects of désire
(Geoinfo, 2007), Specialist with international highly recognised deaic qualificatio
(Geoinfo, 2007), or Nearly all students of surveying will find a welig job after having
finished their studiés(Geoinfo, 2007) were announced to the public. &tweless, due all
these public relation activities, due to the gool perspectives, and due to all efforts to
improve curricula and teaching methods a stagnaifastudents in surveying still exists. In
some countries of Central Europe, universities haveancel study courses in surveying due
to the low number of students. Nowadays the intctdn of new management at the
Austrian universities and its exceeding of meagutire need of a specific study courses by
the number of students endangers the continuedeegss of several study courses at
academic education institutions in Austria (Liesem&006).
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2. STATE OF THE ART

The profession of a surveyor has dramatically ckdngithin the last decades. On the one
hand new and easy-to-handle surveying instrumemdst@echnologies were introduced and

opened classical land surveying tasks to otherepsddns. On the other hand new chances
and markets were offered for the surveying protessi

In Central Europe and especially in Austria thddfief activities for surveyors is very
narrow: The Austrian surveying education has nigigrated the professional sub-aradsan
and rural planning, land valuatiomndreal estate managemeitto their study programs
with the consequence that also the professionaliées in these fields are normally not part
in the portfolio of an Austrian surveyor.

Despite the above-mentioned limitations in thedfief professional employment, the demand
on graduates of surveying studies is still higiustria. Knowing that an essential driver for
selecting a specific study is the employability,stnot reproducible, that the interest in
surveying studies is decreasing or at least stagnat

The educational institutions are endeavoured totntee challenges of the surveying

profession by promoting the surveying studies, blyestising the career prospects, by
modernizing the curricula, and by adapting curada the needs of the Bologna Declaration.
After initial positive developments in the numbérirmcoming students by implementing the

Bologna architecture at the University of Techngl@yaz (since 2004) and at the University
of Technology Vienna in 2006-(gure 1)in the first year, the figures are now approximgtin

the mean of incoming student over the last 10 years
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Fig. 1: Incoming students in surveying at the Ursity of Technology in Vienna
and at the University of Technology in Graz (sigé84).
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3. POSSIBLE REASONS FOR DECREASED INTEREST IN SURVEYING STUDIES

What are the reasons for the decreased intergsiunig people to study surveying in Central
Europe? Is the surveying profession itself to waative for today’s young people? Is the low
number of surveying students the result of an figaht and inadequate education? Is it only
a missing or wrong marketing of the surveying stadgl/or the surveying profession?

In the following chapters these questions will isedssed.
3.1 Narrow and old-fashioned occupational area?

A frequently given answer of many Austrian survgystudents about their motivation to
study surveying was their expectatiao to field work by land surveying and to have elos
contact to people Now many of them are spending most of the tima ipublic or a private
office engaged with a lot of management duties, leyaal with ITC-activities, or they are
concerned with consulting tasks and planning aawsi The discrepancy between the
expectations of incoming students and the read foélprofessional work can be interpreted
as a wrong picture of the surveyor profession insmeiety.

In the Austrian public a surveyor is often seen as

= apure technician with an excellent knowledge inthmmatics and geometry,
= aperson needed for the procedure of buying angdknd,
= an archivist of parcels and boundary lines,

= a mathematician and sometimes pedantic person avigpecific liking of high-
accurate surveying instruments,

= a person providing geometrical information for tiengineers, spatial planners and
other engineering professionals.

And finally the surveying profession is seen a®la ¢gnly for male persons. This fact also
becomes obvious by the low percentage of femabests in surveying courses.

In reality the field of surveying activities has be seen as a much broader one. The
professional and educational profile of surveyoss a combination of the areas of
measurement science and land administration, stggpdsy and embedded in a broad
multidisciplinary paradigm of spatial informationrammagement (Enemark, 2000). The field of
activities is ranging from the mainly measuringiaties to — especially in the Anglican
countries - land management activities (geodesygineering surveying, facility
management, GIS technology & mapping, land & cadhstrveying, spatial planning, and
environmental resource management).

3.2Missing possibilities for employment?

In Austria the opinion about job perspectives inveying are a little bit varying. The

educational institutions see a huge demand on gtadun surveying profession whereas
many of the licensed surveyors assume a tight rhaildee truth must be somewhere
between.

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
Czech Technical University, Prague, Czech Repubte,June, 2007

97



Reinfried Mansberger, Gert Steinkellner: How to &mte the Interest for Surveying Studies

In the last decades the introduction of modern eying instruments and of computers had
shortened and simplified all measuring-, calcuptimnd mapping-procedures with the result
of a higher efficiency and effectiveness in mostha technical surveying tasks. Due to the
simplification of surveying processes other relatelgineering professions are doing
surveying tasks by their own. Nowadays surveyirgiriments and technologies, like Total
Stations, GPS, and GIS are used by civil engindanglscape engineers, spatial planners,
architects, and many other professions. By devetpmodern data acquisition and mapping
systems with a high degree on automation and byiging expert systems in the field of GIS
the surveyors reduced their jobs by themselves dewleased possibilities for their own
employment. Additionally the working market of seyors shrank in Central Europe by
outsourcing surveying tasks to low-wage countries.

On the other hand, surveyors captured new marketsheir profession: GPS technology
requires many experts in geodesy, WebGIS applieati@Government), risk management
and global change opens huge possibilities onaheur market for surveyors, and — due to
the specific situation in Austria — real estate agment and land management are
unexplored activity and employment fields for theveyors.

3.3Inadequate education and/or wrong marketing of sureying studies?

The professional fields of surveyors are in a sl dynamic change. Within the last 20
years new disciplines and methods of spatial dataagement raised up: satellite geodesy,
digital photogrammetry, facility management, laseasnning, WebGIS, software engineering,
industrial surveying, etc. Knowledge in managemeugial and legal sciences became
MUSTS for the surveying profession. Of course tksponsible authorities in academic
education and training tried to modify and to adéyet provided study courses to meet the
challenges of the new professional tasks. Butiotisins in the maximum of lecture hours —
tightened by the Bologna process — led to the asttuation of curricula with a wide spread
palette on scientific disciplines on the expenséasdic education in technical and natural
sciences.

Some years ago in many countries a discussioredtatiout the name of study courses. It
was realised that the tersarveyingor geodesycannot fully cover all the new contents of the
provided academic education. Some universitiesoedlr the world renamed their study
courses togeomaticsor geoinformatics which are describing the broad spectrum of
education in a better way and which are terms #natmore modern. The result of this
renaming process was that the public-known pradessiirveyordid not any longer fit with
the name of a specific academic education, probedaged by an insufficient public relation
of the new study courses or the missing translatfcthese new created terms to the specific
national language.

Another marketing problem of surveying studies banidentified: In many of the Central
European Countries surveying courses are provideddzhnical Universities. Therefore
students in general are expecting the main focusubjects of technical sciences (geodesy,
surveying, mechanics, and electronics) and of ahtsciences (mathematics, informatics,
physics, astronomy, etc.). Due to missing infororaif the new contents, the young people
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are not aware about the integration of social anddn sciences in the current curricula. It is
a fact that technical and natural subjects aresmaBntive to many potential students —
especially to female students.

4. STRATEGIES TO IMPROVE INTEREST FOR SURVEYING STUDIE S

The raising questions are:

= How to attract surveying courses for young peoplé how to improve the role of
surveyors in society?

= Who are the potential players to promote our psifes and the appropriate
education?

= Should promotion of profession be done on a lazational or global level?

= Which measures have to be done or have to be eathancbring students to the
lecture halls of surveying institutes?

Possible answers to some of these questions wglivan in the following chapters.
4.1 Extension of professional activities

Especially in the Central European Countries thgestors have to extend their professional
fields. The potential of working activities are nifaid as described in the “FIG-Definition of
Surveyors” (www.fig.net, 2006 and Magel, 2006) ourtlg the potential role of surveyors, as

= Stabilisers of public orderand the work of surveyors as a precondition of a
flourishing economy.

» Guardiansof rights of property and user as well @sardiansfor a safe system of
records in land administration systems.

» Producers, Administratorand Distributors of local, national and global spatial data
infrastructure.

» Managersof land, water and other natural resources.

= Enablers, Mediators and Advisofsr urban and rural planning and development,
including conflict resolution.

= Hinges (Interfaces) in global, national and local earlgrining systems for disaster
prevention and risk management.

= Active partnersn the development and use of e.g. global nawogasatellite systems
(GNSS) and high resolution imaging systems.

The professional activities are very diverse dependo national or regional regulations.
Leadership in the described roles is taken vergnotty other professions, like lawyers,
spatial planners, physicists, or computer scientist

To make the profession more attractive and to rnatgiyoung people to study surveying, the
surveyors and the surveying associations have
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» to extend their professional activities to all patial and above mentioned tasks and to
strengthen the cooperation with related professiofmdies on national and
international level

It is necessary to take much more notice of thdegeional profiles of colleagues in
other countries — there is much to learn about thead field of work. Professional
bodies must promote this international transfekraiwledge.

= to take leadership in all described roles

Surveyors must become more and more managers datgee it cannot be enough for
the profession only to play the role of data adtjoiss.

» to enter strategic partnerships with local, natib@end international authorities and to
increase their self-confidence in the cooperatidth politicians and other professions

Surveyors have to take leadership in current palitdiscussion concerning land and
they have show up their competence in all landeissu

= to think about new fields of profession and neweadded products and to enter new
alliances with other professions

Surveyors have to develop new products and ser¥aethe public community. They
must be courageous in creating all-in-one-actisi{@e-stop-shop).

4.2 Promotion and marketing of profession and surveyingeducation

The image of the profession in the public is verifedent to the occupational area of
surveyors (outlined in chapter 3.1). Only a smalitof surveyor’s activity palette is realised
by the public. As proofed by discussions peopleddren surprised about the multiple tasks
and performances of the surveying profession. B@mgle, it is mostly unknown that
surveying (geodesy) is a fundamental part of gloiaaligation satellite systems and people
are not aware that almost all decision making setaon geographical information provided
by surveyors.

FIG is on good way to promote the broad field af gurveying profession. The intensified

communication with politicians and global non-goweental organisations as well as the
close cooperation with sister organisations hetpsadvertise the manifold competences
(knowledge competence, cognitive competence, bssioempetence, ethical and/or personal
behavioural competence, Plimmer, 2000) of the stmgeprofession.

To make the profession more attractive and to mnatgiyoung people to study surveying, the
surveyors and the surveying associations have

= to organize concerted actions on national andnatenal level for making the real
occasional area of surveying profession popular,

* to communicate the important contributions of theveying profession for the
society, the economy, and the environment to thiqu

» to intensify the participation in the public dissigh to all land-related issues,
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= to communicate the broad field of profession arerttanifold activities of surveyors
to young people (potential students),

= to inform incoming students about all different mrhes in surveying studies
(measuring sciences, land management),

» to promote the surveying profession in the primergl secondary education,

= to support colleagues in countries or region widlcking or missing surveying
education in their efforts to improve the situatiand

» to encourage women and other underrepresentedggiotipe surveying profession to
enrol study courses in surveying.

4.3 Adaptation and modernisation of curricula (including CPD)

Within the last years, academic institutes wereeamdured to modify curricula to the actual
needs of the surveying profession. New surveyinggetling and mapping technologies were
integrated to the teaching programmes. To fulfd tequirements for the new professional
profile of surveyors the current curricula with ithigaditional fields of natural and technical
sciences were extended with contents of sociallamdan sciencefigure 2) Nowadays
surveying students are gaining knowledge on satfssknanagement tools and legal sciences
(Lam, 2006).
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Fig. 2: Skills in fields of sciences needed forafie branches in surveying

The prompt adaptation of most of the European sprdgrams in surveying to a three-cycle
system (bachelor / master / PhD) to fulfil the regments of the Bologna Agreement is an
indicator for the engagement of European academiwegors in educational issues

(Mansberger et al, 2006b). Finally, all over therlbanodern teaching and learning methods
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(Sgrensen and Enemark, 2006, Mansberger et al,a(f§came part of the surveying
education to enable an optimal knowledge transfstudents.

However, there are still additional possibilities,make the surveying studies more attractive
and to motivate young people to study surveyinge Murveyors and the surveying
associations have

= to adapt furthermore curricula to the new challesagé profession

The responsible persons of the academic educatstitutions have to tune the curricula
to the topics, services and products of the futiméerests of individual surveying
institutes or persons at the university, who wantatvour their specific research topics
more, have to be neglected.

= to provide up-to-date teaching and learning teclogaes to the students

Lectures have to be skilled in modern teaching laathing methods. Universities have
to enable a proper pedagogic and didactic educaditimem.

» to intensify the mutual cooperation between alltiloBons involved in surveying
education on a national and international level

Regular contact between the institutions has tmbetutionalised to enable knowledge
exchange between teachers and students.

» to create new inter-university study courses omomal and international level

Surveying institutes have to enhance their corttactther academic institutions with a
different portfolio on scientific fields and theywve to discuss possible interdisciplinary
study courses.

» to provide CPD (continuous-professional-developiidatL (life-long-learning) to all
academics in the profession

Life and development is so fast, that there is mmchie need for CPD — but there are
also few interesting offers!

5. SUMMARY AND CONCLUSIONS

Due to the introduction of new public managemerthviis business-orientated objectives,
the decreasing number of incoming students is anpal danger that university managers
will reduce or even cancel surveying education astAan universities. This would be in

contradiction to the current demand on surveyorgdneral and on academic surveyors in
particular.

Therefore, stakeholders in the surveying profeskere to develop sustainable strategies and
perform proper measures to enhance the interesufgeying studies. They have to improve
the marketing for the surveying studies, for theveying profession itself and for all the
products and services provided by the surveyingepsion. As all over the globe the
academic surveying institutions have to face simiflgures of decreasing numbers of
incoming students, the promotion has to be accoatédsupervised on an international level.
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In Central Europe surveyors have to extend thediviacfields to planning activities and to
real estate management. As a first step, the agadestitutions have to adapt the curricula
to the demands of the broader occasional area.

Surveyors have to increase their self-confidencéhen public discussion of all land- and
environmental-related topics. They have to comnathpolitical or legal decisions in the
context of land, and surveyors have to point oefrtiraluable contributions to meet the
challenges of globahega-topicge.g. global change, achievement of millenniumago
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Key words: celestial mechanics, geodesy, education
SUMMARY

The celestial mechanics, science dealing with thitad and rotational motion of celestial
bodies, belongs to the oldest scientific disciginés modern history began in the™6
century with the epoch of Tycho Brahe and JohaKmgder. Since that time astronomers and
scientists working in this branch have achievedumlmer of brilliant results. Taking into
account the increasing impact of satellite techesquon surveying, the question of
incorporating celestial mechanics into the standardculum of subjects being taught within
geodetic courses arises. This paper tries to tthelproblem in three closely related aspects.
The problem of orbit determination is introducedhe first section. The second section lists
the mathematical background that is necessarydivming the problem. The third section
introduces two software tools that may be usetiéneducational process.

1. ORBIT DETERMINATION

Orbit determination can be viewed as a special @dsa general parameter estimation
problem, where thparameterscharacterizing the orbit of an artificial Earthedhte, have to
be determined frombservationsObservations are — apart from the unavoidablervbsion
errors — values of functions (the so-callguserved functionsof the parameter estimation
problem considered. In our application the obserftgtttions arenonlinear in the orbit
parametersNonlinearity and the fact that initially there may lm® approximate values
available for the orbit parameterare the essential difficulties of the orbit deteration
problem. The orbit parameters must uniquely spemify particular solution of the equations
of motion and (possibly) the force field acting the object. In gure orbit determination
problemthe forces acting on the bodies are assumed toderkas a function of the bodies’
positions (and possibly velocities). In this cae, orbit parameters are uniquely quantities
defining the initial state (position- and velocitgetor of the orbit), at a particular epoigh
This section deals with a relatively new type dbibdetermination problem, namely that of
deriving orbits using the measurements of onbodP® Eeceivers. The orbit determination
problem may be solved with standard proceduregplied mathematicgrovideda set of
approximate orbit parameters of a sufficiently hitcuracy is already available. If such
approximations are available we speak of @bit improvement problembecause we
“merely” have to improve the known approximate paegers. This task is considered in the
following paragraph.

The so-callecequation of motiorexpresses the satellite’s acceleration as a fumcii timet,
satellite position, satellite velocity and the dyna parameterp:
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P
¥=a(t,r,f,p), p= :
Pn
In addition the so-called initial conditions areen by:
r(to) = ro
(o) = Vo

In order to transform the second-order differenéglation into a first-order equation we
introduce the so-callestate vector
y=1 .
r

and receive the corresponding first-order diffea@rdgquation of motion in form

y= ( r) B ( a(t,r,r,p) ) =f(t.y.p)
y(to) = ( 0 )
Vo

which is more appropriate for numerical integrat@aigorithms. Mathematically the orbit
determination problem is thus defined as solving iiitial conditions and dynamic
parameters using some observations. In case oédmaoe GPS receiver the pseudo-range
observations are given as

with initial conditions

P =P +cd' =0+ chy

wherep is (in first approximation) the geometric distarmween the GPS satellite and the
(space-borne) receiver andcas the (unknown) receiver clock error (in units lehgth).
Introducing the so-called transition matrix

or
0
ey _ Yo
9% | Of
dyo
and the so-calledensitivity matrix

oy

S=_<

op
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we can express one line of thest design matridxas

.. Oo+ch)  (Oo _ Do _
AGisi) = HEE (a3 (0811 1)
where X is the vector of all unknowns (it comprises théniéial conditions, the dynamic
parameters, and the receiver clock error). It casden that the only question now is how to
compute the transition and sensitivity matricese fitost common way for it is the usage of
the so-calledvariational equationsFor the transition matrix the corresponding vaorzal
equations read as

¢ ot 0y o¢
b=\ G || oros | 7| on | ®
Yo 0y dyo oy
with initial conditions
B(ty) =1

for the sensitivity matrix the variational equatdmave the form

or Or dy or

or or or 0
0 Jdy 0 0
S = b= YR = Y s+
ot A N oa 9a
op dydp Op dy op
with initial conditions
S(tg) = 0

Assuming that a priori value$, of all unknown parameters are known and intrody¢ire
so-called reduced observations of form

¢ =P — 00(r(Xo))

we may conclude that all pre-requisites are readyhfe estimation of the orbit using e.g. the
standard least-squares adjustment algorithm.

2. MATHEMATICAL BACKGROUND

In previous section we have outlined the basiaheforbit determination. We admit that not
all surveyors will be challenged with such task tireir practice and that actual orbit
computations are done by specialists. On the dthed one can argue that these specialists
are often being recruited among geodesist andabdegists and surveyors that are using the
satellite techniques should be aware of their pias and limitations. From that point of
view we think that some parts of the celestial na@its truly belong to geodesists’
curriculum. So, let us try to list the mathemakdls that are necessary for understanding the
celestial mechanics.
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In spite of that we have called this section “Matlatical Background”, it is the physics that
comes to foreground first. On the right-hand sifléhe equation of motion the acceleration
that is induced by forces acting on the satelbt@xpressed as a function of time, satellite
position and satellite velocity. Assuming an actdl satellite in the vicinity of the Earth
body, at least the following forces have to be taikeo account:

1. Gravity attraction of the Earth.

2. Gravity attraction of other celestial bodies (nayridbon and Sun).
3. Solar radiation pressure

4. Atmospheric drag

For the orbit determination with the highest accyrathe following forces are also of
importance:

5. Earth radiation pressure
6. Earth tides
7. Relativistic effects

Let us take the Earth gravity as an example. Threspherical part of the gravity potential
V'(r,B,A) is given by the series of spherical functions

M X n&
V! — GT ZQ <%) Z;O P (sin §) (Cry cosmA + Sy sinmA)

wherePn, is the associated Legendre function of degreaad ordem, and Cnn, Sim are the
so-calledStoke’s coefficientdkesulting acceleration is given by the gradidrihe potential

or/ory 08/0ry OM/Or ov'/or
VYV = | or/ory 88/0re OA/Org ov'/op
or/ors 0B/0rs OA/Ors oV’ /oA
D
where
(Crm cOSMA + Sy, SINMA)
V' GM & e\ & | .
D (%) S [Pumsa(sin8) — m tan 8 Pon(sin §)
n=2 m=0
(Crm cosmA 4 Sy, sinm)
oV’ GM & /a.\" & .
Y () £

(—Chm sinmA + S, cosm)

and the elements of matrix are given by
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or ol or ro  Or r3

ory r Org r’ Ors T

o —rirg op —TT3 o8 Vi s

) - Y 2
ory 72 /T‘% + T‘% Org r2 /T% + T% Ors T
A

0 —Ty O 71 O
oA T S OA . O
Ory 24137 Oreg  rP4r3’ Org

Mathematical model for the gravity attraction of doand Sun is much simpler because it is
usually sufficient to assume these bodies beingtpoasses (their dimensions are negligible
with respect to their distances). The complexityhaf solar radiation pressure model and the
atmospheric drag model depends on the orbit pasamée.g. height of the satellite orbit
above the Earth surface) and, of course, on th@neshjaccuracy.

The equations of motion are special cases of tllewimg explicit system of ordinary
differential equation systems of order

y(n) = .f(fa yaga ya s ay<n71))

Many algorithms for the numerical solution of drifatial equations may be used to solve
only first-order differential equation systems. iirthe mathematical point of view, no harm
is done by this restriction, because every highlideiosystem may be transformed into a first
order system by the following substitutions:

def

Ug =Y
def o
uy =Yy
dif
ef ;
u; = y(%)
dif
def -1
Up—1 = y(n )

These transformations allow it to set up the folluyvfirst order system of differential
equations:

u = F(t,u)
where
Uy
U

U1 w2

u and F(t,u)déf
h Up—1
tint Ft,u)

There are many algorithms for the numerical soluwd differential equations. The Runge-
Kutta methods are particularly easy to use and beagpplied to a wide range of different
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problems. The so-called multistep methods provitigh efficiency but require a storage of
past data points. The so-called extrapolation nustlawe famous for their high accuracy.

The best-known Runge-Kutta algorithm undoubtedlthat of orderg = 4, that is probably
reproduced in every treatment of numerical analytbis value of the function that is being
sought at timéy+h is computed as

ylto+h) =yo+kn

where
Ko, = ¢ (k1 +2ks+2k;s + ka)
and
ki = h f(to, yo)
ko =hf(to+3hyo+ k)
ks =hf(to+3hyo+3ks)
k4 = h f(to+ h,yo + k3)

Unfortunately it has been shown that, among Runggakmethods, only high order methods
are reasonable candidates for the accuracy regemsnof orbit computations. The selection
of a proper numerical algorithm thus requires gaitet of knowledge and experience.

We may conclude thainderstanding of the mathematical modkthe Earth satellite motion
requires the knowledge of the following parts oftineanatics:

1. Mathematical analysis.

2. Linear algebra.

3. Differential equations.

4. Theory of spherical harmonics.

Practical computationsequire furthermore the knowledge of

5. Least-squares adjustment.
6. Numerical solution of differential equations.

To make the long story short, we may end this gectvith the conclusion that the
mathematics behind the satellite geodssguite advanced and sometinggses beyond the
level that is usual for undergraduate math courdest are taught (in case of our technical
university) during the first four semesters.

3. SOFTWARE TOOLS

In previous sections we have tried to pick out @kdtch a few keystones of the orbit
determination problem and to compile a list of peof mathematical knowledge that putted
together allow the students to understand and ssftdyy solve the problems of celestial
mechanics. For didactic purposes it is highly ddde to accompany the theory with
examples and exercises. However, celestial mechaain be hardly demonstrated without
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computers and appropriate software tools. In tectisn we want to introduce two software
tools that may be used for teaching satellite gepde

Until recently nobody could think about the celastnechanics as about an experimental
science. The power of modern computers allows niaoglelf celestial bodies’ motion in time
spans of millions of years. Using the numericalhnds for solving the differential equations
describing the planetary systems it is possibléesd cosmologic hypothesis, to study the
stability of the systems and to make true “expentsieby varying the initial conditions. In
such a way the celestial mechanics receives a maandion as an experimental science.

3.1 Methods of Celestial Mechanics

Professor Gerhard Beutler, the current presideth@finternational Association of Geodesy
and the head of the Astronomical Institute, Uniitgref Berne, has a long time experience
with the application of numerical methods on thelyems of the celestial mechanics. He has
summarized his scientific life-experience in higtb®ok on the celestial mechanics [1] and
[2]. First author of this paper have had an oppuotyuto cooperate with professor Beutler
during the preparation of the book. The computeg@ms represent an integral part of this
compendium of celestial mechanics. The programsuldhdelp the reader to better
understand the theory, stimulate him to make erpaits and to have (perhaps) more “fun”
when reading and digesting the main body of thekbBlere is the list of the programs:

* NUMINT numerically solves the non-linear equatioo motion associated with
satellite and minor planet orbits.

* LINEAR allows solving nine selected linear problerfesg. exponential function,
harmonic oscillator, Bessel's differential equatioand Legendre differential
equation).

 ORBDET may be used to determine the orbits of mbumlies in the planetary system
and the orbits of artificial Earth satellites arfdspace debris.

« SATORB may be used to generate satellite orbitsoodetermine the orbits of
satellites using tabular satellite positions asigeeobservations or astrometric places
as real observations.

* LEOKIN computes the positions of the so-called L&arth Orbitals (i.e. artificial
Earth satellites on low orbits).

« ERDROT solves the equations of Earth rotation dmdthree-body problem Earth-
Moon-Sun assuming that Earth and Moon are rigiddsod

* PLASYS allows studying the evolution of the plamgtsystem.

* FOURIER may be used for various forms of spectnalysis.
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An impression on the look of the celestial mechasafsvare package can be obtained fi

the following figure:

—ioix]
Config NUMINT  LINEAR  ORBDET  SATORB LEOKIN  ERDROT  PLASYS  FOURIER  Help

FOURIER AHALYSIS

INPUT:

General Constants [consT. |

Data to be analyzed Ji}7GEN/ERP_SERTE |

OUTPUT :

General Program Output erp_serie| out

Error Messages [ Eme

Spectrum erp_serie out

GCoeffificents erp_serie RES

Type of Spectrum Im

ANALYSIS TYPE |Fl:lu|‘ie|‘ LI
H “Top “Prey I “Next [ Cance’l I Save As [ “Save [ “Run [ “Output Hertun

File: cA\HomelMersartiSourcelCelMechiCelestialMechanics\INPFAFOURIER.INP 4

Fig. 1: Celestial mechanics software package

The program options are contained in one or mopaitirpanels. The user may brov
through thepanels, he may change program input options andheirexecutable prograr
using a usefriendly menu system that guides him by reportiogie invalid options (e.g
non-existing input files, missing output file names;.etAs far as the visualizatiorf results
is a very important step of data analysis, theesgsprovides its own way of plotting tl
program results. An example of the results of ERDDR®ogram is shown in the followir
figure:

erdrot222.RES

03 +F

0.2t

Omega 2
o
1

0.3 0.2 0.1 u] 0.1 0.2 0.3
Omega 1
Next Print I

Fig. 2: An example of the results of ERDROT prog
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3.2Real-Time Orbit Determination Program rtorb

Program rtorb has been developed by the authothi®fpaper for orbit determination of
satellites equipped by GPS receivers. Nowadays tiela wide range of Earth satellites
whose trajectories are being precisely determirsgaguGPS observations.

Configure  Processing  Help

Input:

RIMNEX File CHAMZOB0 030

Precize Orbits CoD12230 PRE!

Pole File [cod_eoo3.Erp

Gravity File igen-champoas_coeff n_max |80 = m_max |BO =

Output :

General Output RTORE ouT
SP3 Orbit RTORE FRE Satellite Mame [05
Processed Receiver: Constrain
Initial (m) Prediction (mss)
MName E?|north |east up north |east up 2
CHAMP-zenith R |100.0 |100.0 [100.0 + =
Stochastic Orbit Modeling: Air-Drag Noise 5,0001

|| “Tiepr | *Rrews || ~ilext | Cancel || SavetAs || ~Save | “Run | ~Guiput | Rerrun || Grab
‘Year: 2003 CoY: 08B File: fhome/mervart’Source/rtorb/RTORB. NP 4

Fig. 3: Program rtorb

Currently, the typical application is the orbit eéehination of low Earth orbiters in post-
processing mode. Rtorb is capable of processing daltected into files as can be seen in
figure above (orbit determination of the CHAMP déte in post-processing mode).
However, the program is primarily designed for slecalled real-time orbit determination.
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SUMMARY

Geoinformation disciplines have recently evolvetbia new field integrating traditional
surveying and mapping curricula, complemented bgnote sensing and geographic
information systems. This paper describes the agbran the design of a new Curriculum of
Geoinformatics offered by the Department of Appli@doinformatics and Cartography at
Charles University in Prague. The Curriculum builds a 150 year old tradition of
cartography education and incorporates latest sreadd technologies in geographic
information systems, remote sensing, photogrammagtopal positioning systems and other
related disciplines.

The need for sustainable development and envirotaheronitoring underline the need for
incorporating spatially referenced data into ergptpublic and private infrastructures. The
concept of a Spatial Data Infrastructure has beptad by the department as a part of the
educational program. The described curriculum et the need for trained professionals
at the Bachelor, Masters and doctoral levels byrdmesforming Czech Society.

1. INTRODUCTION

Applications of geographic information systems aewhote sensing have been increasing in
natural and social sciences as well as in techdisalplines during the last decade. This fact
has caused the need of changes of the curriculgeofiraphic studies at the Faculty of
Science of Charles University in Prague. The Depant of Applied Geoinformatics and
Cartography has also followed these new requiresnéother reason for changes was an
acceptance of the Bologna agreement. The origiivaél years master degree study of
Cartography and Geoinformatics was transformechélachelor (three years) and master
(two years) degree studies.

The new curriculum of the bachelor and master degregrammes has been created during
the last four years. To date the curriculum is egdited and used. Nevertheless, the content of
each subject is being adjusted in accordance Wwemewest trends and development in the
field of geoinformatics and cartography.

2. GEOINFORMATICS AND CARTOGRAPHY AT THE FACULTY OF SC IENCE

Cartography and Geoinformatics, as the field oflgtat the Faculty of Science, is not only
understood as a combination of traditional sciersteh as cartography, remote sensing or
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informatics. The emphasis is on the complex apgréache solution of geographic problems
using the modern information technologies. Studesfisuld master the theory but they
should learn it in context with practical applicats. The results of scientific work are
presented during the lectures. This helps the stad® get familiar with the scientific
approaches to solving different problems and ib a&/es the students opportunity to get
involved in research activities of the departmertie students have also possibilities to
present results of their work at annual studenferences and they can participate in several
student scientific competitions. The students ghdearn that the real meaning of learning
geoinformatics is in understanding of spatial datal their spatial relations based on
mathematical or computational principles and thalies not only represent another tool for
making nice cartographic outputs.

Geoinformatics is an interdisciplinary field. & important to conceive its education as a
group of subjects connected on a common base bintepo at various professional
qualifications such as research work in the fiefdgeoinformatics, development of new
methodologies and algorithms for software solutiamswy applications of existing tools in
specific branches such as hydrology, archaeolagy,Téne curriculum at each university is
created with respect to the selected professiamdilgy of the graduates. It is obvious, that it
is not realistic to cover all possible specialiaa within one department.

The goal of the Department of Applied Geoinformatisnd Cartography is to provide such
education that the graduates will be able to becprogessionals in geoinformatics in short
time on the level corresponding to the obtainedegMoreover, the graduates from master
degree studies will be prepared to start workingeasarchers having not only theoretical and
technical skills on corresponding level but alsingeknowledgeable about team work and
skilled in different forms of communication.

3. STRUCTURE OF THE CURRICULUM

The new curriculum is structured to four parts: moeis of scientific work, spatial data
acquisition, processing and analysis, spatial datzalization and presentation, databases.

In the bachelor degree programme called GeograpldyGartography, the students learn
traditional geographic subjects as physical, samakgional geography (namely hydrology,
geomorphology, geography of urban areas, poliacal regional geography etc.). Except of
these, the students get familiar with the pringpt# geographic information systems,
databases, remote sensing and cartography. The g&ihed in the geoinformation subjects,
the students directly apply at practical exercisegeographical disciplines and bachelor
thesis. Successful graduating from bachelor studresthe field of geoinformatics,
cartography, remote sensing or related fields ¢eradition for being accepted to the master
degree programme called Cartography and Geoinfaesathe second condition is to pass
an entrance examination. It is oral and the caneitias to prove professional knowledge,
language skills and explain his or her motivationthe future study.

The subjects of the master programme deepen knge/liedthe four above mentioned fields.
The goal of the study is full understanding of phates and applications of systems for
spatial data acquisition, processing, analysisse&tion and storage. The students have
possibility to gain experience and knowledge byppging and solving research projects and

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
Czech Technical University, Prague, Czech Repubte,June, 2007

118



Markéta Paickova et al.: Curricula in Geoinformatics at the lHacof Science Charles University in Prague

grants in the frame of interdisciplinary researelsdal on cooperation with other departments
and institutions of the Faculty of Science or otheiversities. The master degree study of
Geoinformatics and Cartography is suited for a sngkoup of students (approximately 20).
This amount allows for an individual approach oddieers to students. Discussions about
possible solutions of a given task are common pErtbe practical exercises. Each student
has a possibility to suggest and defend his orslodution. The emphasis is not only on
finding the solution and its implementation, buisitalso on its defending in the group of
students and teachers. In this way, students devke&r communication skills and ability to
present their results.

3.1Science and research

Introduction to University Study and Seminar in Gephy are two subject of the bachelor
degree programme where students learn about the trasds in the development of the
geographic thinking and about history of geograpbth in the Czech Republic and abroad.
They get overview on research activities in conteragy geography, Czech and international
geographic organizations, professional journals paoblications. The terms as physical,
social and regional geography, demography, candgrand geoinformatics are explained as
well as the basic approaches to scientific worke Btudents are also informed about the
structure of the geographic studies at the Faafltcience, about the Geographic Library
and about the Map Collection of Charles Universithey get skills in working effectively
with available information sources (bibliographiatabase, internet information portals).
Based on practical examples, they learn how tattra written thesis that they are supposed
to deliver during their study and how to refer iterhture. Furthermore, they practise basic
rules of presentation (with the emphasis on thdopmance of the speaker, design of
presentation and its content).

The two mentioned subjects are followed by the &amfor Bachelor Thesis in the third year

of the study. It focuses on principles of scientifvork and systematic approach to solving
stated problems. The goal is to teach studentsrtauiate basic hypothesis, work with the

literature, design a methodology for solving owiestific problem and present achieved

results. The students learn about general taskseteolved in every bachelor thesis. The
students are asked to explain their choice of @pectof the thesis. They have to present the
structure of the thesis and the literature theykwaith. During the seminar, students work on

some parts of their thesis. By presenting the teshéy get inputs from their colleagues and
teachers for final defence of the thesis.

The topic of scientific and research work is depelb further in the master study in two
subjects. The first one, Introduction to the Mas&rdy concentrates on general concept of
geoinformatics and makes a frame for all otherexttbjtaught on the master level. The goal
of the second subject, called Diploma Projectpiprepare students for their own scientific
work that will lead to successful completion of tfiploma work.
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3.2 Acquisition and processing of spatial data

The principles of remote sensing and its applicetim geography are taught at the bachelor
level. The students get also familiar with pradti@sks as qualitative evaluation of spatial
data, visual interpretation of remote sensing dathclassification.

Three subjects deal with spatial data acquisitiod @rocessing in the master degree
programme — Extraction of Topographic InformatiBriraction of Information from Remote
Sensing Data and Theory of Spatial Information. Ei@ of the subject Extraction of
Topographic Information is to give an overview dre tmethods for data acquisition and
processing, especially concerning middle and Isigde mapping. Data collection by means
of photogrammetry, laser scanning and RADAR tedmesqfor the purpose of providing
geometrical data for a topographic database, umpglati topographic database and spatial
modelling in topography are the main topics of $hbject. After accomplishing this subject,
the students should be able to choose an apprempniethod of collecting and processing data
according to the given project specifications, tisepuld be able to compare and evaluate
different methods of data collection from both thelitative and economical point of view.
Furthermore, the students should have an overviegxisting topographic databases in the
Czech Republic, their quality and accessibilityeyshould be able to explain the steps of
updating topographic information and suggest mettiodits solution.

The lectures of the subject Extraction of Informaatirom Remote Sensing Data concentrate
on the analysis of remote sensing data on an addalevel. The main goal is to explain

image analysis in the context of extraction of infation about natural resources from

remote sensing data. It includes concepts of digitaage segmentation, spectral

classification, fuzzy logic classification, class#tion with combination of spatial, spectral

and shape characteristics (object oriented claasidin) and data integration. Selected
modules of the software package PCI Geomatica sed in practical exercises focused on
mapping of land cover and its changes from remetesiag and aerial images and on other
applications connected to obtaining informationdezefor dealing with natural resources.

Theory of Spatial Information describes three aurggroblems of spatial modelling — time
series (time in GIS, time presentation, spatio-terapanalysis), topology (definition, rules,
implementation in GIS) and uncertainty (introduntito the theory, uncertainty in GIS,
dealing with uncertain data). Each of these probleapresents a key issue in working with
spatial data. For applications, it is importanthave understanding for and be able to work
with data time series. A suitable data structued domprises topology is necessary for being
able to create and answer queries about spataiaeships. Last but not least, data quality as
well as its error rate and uncertainty have todben into account.

3.3Visualization and presentation of spatial data

Visualization of Spatial Data is a recommended etthpf the bachelor programme. It builds
on the knowledge obtained in the remote sensings la practical introduction to the

visualization of digital image data. Mathematicatkground of the algorithms and practical
examples of processing of raster data of diffespetctral and spatial resolution are explained
together with the principles of data quality asses#, changes of contrast, noise removal,
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enhancement or suppression of edges, local enhamtenfi image detail, multi-spectral
synthesis, multidimensional analysis, multi-imagarelation, representation of spectral,
spatial and frequency domain.

There are two more subjects of the master degimgrganme included in the branch dealing
with spatial data visualization and presentatiorstribution of Spatial Data concentrates on
methods for data distribution on the Internet. Biwdents get familiar with the computer
network theories and the concepts of the Interbey learn tools needed for designing
internet applications. The attention is paid toatireg of static and dynamic web outputs in
connection to cartography and GIS. The importamt pathe course is an introduction to
map publication on the internet (map servers,.etc.)

The lectures of the subject Creating InteractivepMaxplain algorithms widely applied in
the field of digital cartography such as basic coespion algorithms, classification methods
used for creating thematic maps, convex and nonecotessellations and their applications
in GIS systems, algorithms for cartographic gereaibn of geometric parameters of
different features, analyses applied above planani®d and non-oriented graphs. The learnt
theory is practically implemented during exercisethe environment of Matlab or by using
programming languages as C++ or Java.

3.4Databases

There are two subjects focused on database systeimss a part of the bachelor and one as
a part of the master degree programme.

The subject Principles of Databases gives the stadéasic overview on database
technologies. Data models, relational algebra, yguanguage including SQL, database
architectures, the problematic of transaction pssicey and concurrent data access are the
main topics. The exercises concentrate on pragti&@QL and its standard specifications.
Moreover, the students get familiar with databagstesns and platforms available on the
market. Advantages and disadvantages of specifabdae technologies are discussed with
respect to GIS and spatial data in general.

The following subject Database Design and Managémndeals with advanced database
technologies. It concentrates on procedures oflésggn and creating of databases including
explanation of appropriate tools (CASE), transactod analytical systems (OLTP, OLAP),
systems for management and processing huge amoéuwtdta and especially spatial data.
Modern database architectures including object podt-relational models, multi-level
architectures including thin clients or safety aftabases are also parts of the content. The
content is modified with respect to future appliigas in spatial databases, GIS and digital
cartography.

Students have a possibility to get familiar withealb oriented programming languages as
C++ or Java as a part of voluntary or recommenadedses.
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4. EQUIPMENT

All the mentioned courses can be taught on thertbestlevel also due to a good hardware
and software equipment available at the departmdatioratories and computer rooms.
Moreover, students have also a possibility to wauk of the university building to certain
extents thanks to the Site License of ESRI prodtiws is available for Charles University
and that is administrated by the Department of AggbGeoinformatics and Cartography.

It is obvious, that different vector, raster ortiste&c data are needed for research and
pedagogical activities of the department. Furtheena receiving station of EUMETSAT
imagery with small spatial but high temporal resolu (15 min) was established in autumn
2006. These facts have risen up a need for a natiabpata infrastructure (SDI). Effective
management and accessibility of spatial data aeid skorage will be realized through a new
data store. A map server, which will provide useith chosen spatial data, is also a part of
the SDI conception.

5. CONCLUSION

The graduates of bachelor and master degree proggamwith a specialization on
cartography and geoinformatics have good chancdxe teuccessful in their future carrier.
They can specialize on classic or digital cartofgyapapplications of remote sensing,
visualization and animation of dynamic processesamography, remote sensing, geography
or other geosciences. They can use their knowl@dggvernmental institutions or local
authorities where geoinformation technologies hé&wmend a wide range of applications
during the last years. The graduates from theenastgree study have also have also gained
some basic skills for research work. Those, whondbscientific work interesting, can
continue in the accredited post graduate studyrarome Cartography and Geoinformatics.
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SUMMARY

The article deals with the experience in usingagreg-based methods in the teaching of
courses aimed at digital processing of graphicesging data. It includes a profile of courses
in Interactive graphics systems as they are taaghthe Department of Mapping and
Cartography of the Faculty of Civil Engineering, €Th Prague. Apart from a framework
overview of the course content, the article enutesréghe teaching procedures applied, the
topics of set assignments and the method of thesessment. Teaching texts, task
assignment, instructions for their solution andtecwous evaluation of students are based on
a specialized course management system. The planadifications of the teaching process
are pointed out at the end of the article.

1. INTRODUCTION

E-learning has presently developed into a welli#istaed form of teaching. Its procedures
and methods implemented with the aid of suitabtg@mming tools are subject to on-going
development. The monitoring of innovations in threa and their continuous putting into
teaching practice allows enhancing the effectiverse®w attractiveness of teaching, both for
teachers but mainly for students. The teacherts iogradually changing with a distinct shift
from routine administrative acts towards more iste@ communication with students and
cultivation of their own thinking. The respectiveopedures, observations and methods are
apparently of a more general nature and can beaeappl analogical teaching concepts of
other subjects, too.

The primary content of the course in Interactivaphics systems is production and
maintenance of digital map works. It is orienteddods using modern procedures implying
the knowledge of adequate programming tools. Theseoin Interactive graphics systems is
compulsory for students in the study branch of @sgdand Cartography and elective in the
newly opened study branch of Geoinformatics. Thedoeourse work runs in two semesters.
The first semester is devoted to a general gragdadsr, while the second semester focuses
on specialized surveying systems. Study poss#sliire enriched with an offer of several
elective courses aimed at students in higher yefastudy, who have already mastered the
basic professional skills and are thus able to esatwore complex problems in the
environment of these graphics systems.
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2. GENERAL GRAPHICS EDITOR

The first semester of instruction in the coursdnteractive graphics systems in the study
branch of Geodesy and Cartography is devoted tchireg the basics of working with a
general graphics editor. For these purposes, CADm{tliter Aided Design) software
MicroStation by Bentley Company [4] is used. Studestep by step learn how to master
basic drawing functions, take advantage of gers¥akfits connected with drawing in CAD
systems, edit drawings both in detail and en blbey learn how to work with reference
drawings and raster files displayed in the backgdourollowing this introduction, students
become familiar with creating more complicated edats of drawings such as texts, cells,
figures etc. The complexity of drawings producedmyindividual classes are increases with
the growing students’ knowledge with an underlyieffort to keep to the principle of
proceeding from general problems to special sunggpplications.

While initial assignments represent free dimengsslpainting practice, further assignments
gradually move towards drawings with a defined disien, a firmly fixed drawing setting,
with demands for the data structure of the respectrawing or with students' own
definitions of the attributes of individual elemerfsee fig. 1). Some examples of surveying
applications are problems solving vectors of a dfammed color raster image of a
topographic map, production of cells for surveyprgctice or land division over a cadastral
map converted into a vector format. At the endhef tourse, students become familiar with
the possibility of using CAD software for creatitigree-dimensional drawings, including
conversion of sample drawings and successive oactipe in the generation of simple 3D

objects.
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Fig. 1: MicroStation - digital thematic map

Individual assignments make up relatively indepen@dad self-contained blocks of teaching
material, and the majority of them are assigne@dsao allow their elaboration within one
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teaching unit — two lessons (except for a morereste assignment of a project of a family
house plan, which accounts for three practicalisess Potential individual completion of
assignments outside class time is possible tody dwotthe faculty premises and (thanks to a
simplified shareware version of the CAD system Jisddthe campus.

3. SPECIALIZED GRAPHICS EDITOR

Having mastered the basics of working with a gdngraphics editor and having obtained
principal knowledge in the field of geodesy andi@giraphy in parallel courses, students are
ready for starting their work with specialized dgnays systems.

3.1KOKES system

The second semester of instruction the courseterdotive graphics systems is devoted to
the KOKES graphics system developed by GEPRO Cowjln which, unlike general
CAD systems, is deliberately oriented towards mglkamd maintaining digital maps. The
content of the practical is designed so that stisderay gain a coherent overview of the basic
options of the KOKES system, starting from the suppf measured data processing via
complex editing of drawings to the preparationinéf cartographic outputs.

The setting of individual assignments is basedear life practical situations using actual on-
site measured data or demonstration data suppligdtine KOKES system. For illustration
see the following list of problem topics solved:

— Geodetic grid adjustment — calculation functions, exploitation of the GNUaGalib
module for the geodetic grid adjustment

— Calculation of a circulation route — basic parts of a drawing, traverse, circulationte
with transition curves

— Subscriber's line survey— creation of a drawing using a fixed set struc(lagers, types
of lines, colors), Expert function

— Special-purpose map vectorizing — raster positioning coordinates, vectorized map
topology, graphic fillings of areas (see fig. 2)

— Creation of contour line plan — cooperation with the Atlas DMT program (digitafrain
model)

—Land division — raster vectorizing, area subdivision, mass eagaulation

— Surveying data— control point form, station description — schémarojection of point
position

The list of problems assigned is gradually updatepending on the current development of
the system and stimuli from practice. Task fornmiala are individualized to differentiate
between individual students' assignments.

The emphasis of the teaching process is on undelisgthe data structure of the KOKES
system. Its knowledge considerably facilitatesusers’' understanding of the principles of
more advanced work with the system. Individualiadifunctions of a drawing then involve

apparent data manipulation.
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The changeable format of graphic data o0 KOKES system is a textased, publicly readil
available data format. This fact is significant ceming the system's openn

The KOKES system is also used by students in thegssing of a number of assignment
other subjects. These are e.g. tourses in Mapping and Land consolidation. In therse in
Mapping, students produce a Digital cadastral mlathe territory in question, from fiel
book calculations to the printout of the map outdatthe course in Land consolidati
students can use specialized PROLAND superstructure developed esgby for the
purposes of designing complex land consolidatioojgots. The KOKES system is al
widely applied in field work in Mapping where thepbgraphic map original could be hari
created withouthe help of the KOKES and Atlas prograr

>

Fig. 2: KOKES- vectorization of geological map

The KOKES graphics system as a universal tool forkimg with graphic data provides .
excellent environment for the implementation ofdstuts’ works and projects. In this resp
the possibility of creating one’s own program exsiens in the KOKE-Basic programming
language must be mentioned. During the last seweals, a number of diploma proje
have been worked out in this way including e.g.auate for the automated generation ¢
longitudinal section and transverse cross sectmigvater curses or a module for tt
conversion of coordinates of points between varacargographic projections

All possibilities of the system can be used to fié extent, both in teaching and in t
Bachelor and Master diploma’s projects thanks tce&n manyyear cooperation with tr
system’s authors.

3.2MISYS and MISYS-WEB
The teaching process also makes students famitiarthe MISYS programming system. It

a superstructure above the KOKES system desigriethgly for handling the real esta
regider data. It contains advanced functions for seagchnformation filed in writter
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cadastral documents. Students appreciate mainlylds® two-way interconnection of the
topographic base with the corresponding writterragts. The items of extracts (parcels,
buildings) can be looked up on the map, both imliglly and in bulk, and, analogically,
through the identification of map elements the aots of data filed on them in the real estate
register database can be obtained.

Instruction also presents extending modules toMH&YS system, which allow registration
of nearly any spatially localized subjects of ie&rwithin the territory (see fig. 3). Each
object can be assigned information in a wide rasfgermats (text, image, animation, video).
Object search according to a number of criteria #uedinterconnections of the objects with
the system's graphical part is a must. In this @hasstruction touches upon the area of
geographic information systems.
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Fig. 3: MISYS - visualization of database entries

Students learn how to practically control speciBtS. Deeper theoretic background and
further practical skills in these problems are ot®d in specialized follow-up courses.

Unlike the MISYS system, which runs on a persowahguter using locally stored data, there
presently exists its modification called MISYS-WEBihich serves for working with
geographical data located on a remote server dhteenet network. Sharing centrally stored
and managed data through the Internet represemficient data model. All system and data
installations are made on the part of the servéilevthe user's part requires only a standard
web page browser fitted with a general, readilyeasible extension. As compared to the
MISYS system, MISYS-WEB possesses a reduced scdofumctions allowing data viewing
without editing.

The MISYS-WEB system is presented to students warakdata servers with public access,
which do not require a verification of the usederitity (see fig. 4). Accessible displays
include e.g. the use of this application as anrmédion system of a municipality, a map
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portal of a well-known Czech cartographic compamyaocollection of cadastral maps.
Individual samples contain specific functions dasi for the respective purposes.

T
Dlorpfs
. i

Fig. 4: MISYS-WEB - digital cadastral map in the CR
4. SPECIALIZED MODULES

Starting from the forthcoming academic year, indian in the course in Interactive graphics
systems will be extended by adding another semesiteed at students specialized in
technical surveying. The material content of thevrsemester encompasses areas which
were, for time or pedagogic reasons, left asidééprevious semesters of instruction. The
course is designed for students of higher yearstudy, who have already gained a wider
scope of branch-oriented knowledge and so the ilegdan be oriented to working out more
demanding tasks:

— Digital terrain model — design and presentation of a DTM based on ZABBGERasic
geographic database) using the interconnectioh@KOKES and Atlas DMT systems. The
resulting terrain model will be interactively praesed on the website.

— KOKES-Basic — getting to know the integrated development emritent of the
KOKES system and its application for the creatidmew user functions. Here, students
implement their previously gained programming knedge in the field of attractive
interactive graphics.

— MISYS - application of the MISYS system for the generatof a module (passport)
serving for the monitoring of selected objectsrérest filed in the topographic base.

— Geometric plan — elaboration of a simple geometric plan in a libcavith a digital
cadastral map using the GEPLAN superstructure.

— Land consolidation —processing of selected sections of a complex laosalidation
design using the PROLAND superstructure (implemeria of owners' demands in
compliance with legislative criteria).
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5. FORM OF TEACHING

Instruction in all above-mentioned courses is heldomputer laboratories of the branch of
Geodesy and Cartography in groups composed of mawi20 students. The number of PCs
in the classrooms allows for individual work of géuts. Students individually work out their
assignments with the assistance of the teachiffigastd supporting web pages.

Instruction based on applications for personal asems (as is the case of the above-
mentioned interactive graphics systems) is ableexploit modern tools offered by the
present-day development of information technologiehis area. In this respect, so-called e-
learning comes to mind, which brings new excitinggbilities into teaching [1].

5.1E-learning at CTU

The teaching process involves a number of necess@dmyinistrative acts which are both
considerably time consuming and take up the limitgolacity of teachers. These are activities
such as making records of students' study acByitsetting and correcting assignments,
setting and correcting students' knowledge tessirenic communication with students etc.
Hand in hand with the advances in information tetbgies, there is a growing trend towards
providing students with more freedom for study,hbottime and space. The fulfillment of all
these aspects of modern instruction is aided bgrpro tools often abbreviated as CMS
(Course Management System).

In our opinion, until recently the CTU lacked aaileconcept in the course management
system area. The preferred system was changedakdwmes. The present-day situation
concerning further development of e-learning at aaoiversity is starting to take more
distinct features. The web portal [6] was estaklisivhose main target is to facilitate access
to courses and other professional sources avaitaldegh the Internet for the CTU students
and teachers. At the same time, the portal shardedor the promotion of the CTU with the
public providing an all-round survey of the devetamt of e-learning at our university. The
portal stores not only teaching texts, but all addal teaching materials in a wide scope of
formats (powerpoint presentations, collected pnmisletests, animations, virtual and real-life
experiments, sound and visual recordings, progratas Any one can send the portal
administrators data on the university teaching neefor the purpose of their saving in a
database.

The CTU presently prefers the use of two courseagament systems. They are the licensed
Class Server system and a newly available Mooditery.

5.2Moodle system

A prospective alternative of further progress ia fleld of e-learning seems a possibility of
using course management systems developed anithutistt on the basis of the GNU license.
One of the best known representatives of this cajegs the Moodle system (Modular
Object-Oriented Dynamic Learning Environment) [Which is thus made available without
any license fees, including source codes.
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The teaching of interactive graphics systems ismed, in particular, on the Moodle system,
which finds implementation at many other univeesitas well, both abroad and currently also
in our country. The use of this system has provedebcial resulting in time savings in
several areas [2, 8].

5.2.1 Setting and correcting assignments

Administrative chores connected with the assesswiendividual assignments by all means
represent the heaviest time load for the teachetfsearespective type of courses. Due to the
number of students and the fact that each submiggat must be individually corrected and
assessed, each attempt to simplify this activitymigst welcomed. The Moodle system
significantly facilitates the required routine worlk allows setting deadlines for submitting
assignments, recording the time of their submittaé assessment of assignments can be
complemented with a commentary which is automaicant to the student via e-mail. The
exploitation of the Moodle system also presentsaathges for students. They may hand in
their assignments from any place via the web iatafand have a perfect record of all
submitted assignments and their assessment. Thisochef publishing the results of their
assignments implies more privacy for students aspeved to putting the results on public
web pages.

5.2.2 Students' accounts

For active participation in the teaching coursenagad by the Moodle system, all students
must possess their own created accounts. A selifesesystem of opening students’ accounts
is possible but leads to a lack of systematic dedrcarrangement of the accounts thus
created. On the other hand, manual opening of ¢heusts by teachers is also possible, but
rather time consuming and with greater numbers taflents and courses practically
unfeasible. Fortunately, the accounts can alsaésed in an automated way. The basis is a
text file containing all necessary information whis filed in the CTU information system
called KOS (Student Components). Each teacher igtleeh to create this file with
information on students registered for the coutbey teach. The necessary conversion of
this file’s format to meet the demands of the Mecslystem is done by the resulting program
itself so that the creation of students’ accousatbasically carried out in a fully automated
way.

5.3 Testing of students

Testing students is considered to be a very impbgart of the teaching process [3]. The
results of tests convey information on study irdeng both for teachers and students. For
testing purposes we use our own program systemimgpik the web browser’s environment
and allowing a variable setting of the parametétesis and the methods of their assessment.
The system includes a synoptic list of the resoltgests, including their statistical analyses
and an option of reassessment of the results ipikgavith a modified classification scale.
The program is subject to an on-going developmadtimprovement to meet the teachers’
requirements. The results of tests presently fomn irsseparable part of the overall
classification of our students.
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5.4 Teaching evaluation survey

At the end of the semester, students are provided & possibility of an anonymous
evaluation of the content, quality level and besetif completed instruction. Apart from
formulated questions, the questionnaires contaatesffor free expression of any students’
opinions. The survey results provide us with higkiBluable feedback on the students’
evaluation of instruction. Although their commestaind mostly very positive, we always try
to listen to potential critical remarks in an efféo improve instruction in the future. The
survey confirms that students appreciate mainlyparsiveness, willingness to discuss
problems and the overall class atmosphere, i.ecésphat electronic courses prepared with
the best intention on their own can hardly fullpleee. In this respect, the teacher’s role is
irreplaceable.

6. PLANS FOR FUTURE

Although the existing method of instruction in thbove-mentioned course in Interactive
graphics systems applies modern and accessibls, totler changes and extensions are
planned to be introduced in the near future. Tlommges are both in the form of teaching
materials used and in the update of the programulaeedsupporting the administrative

component of instruction with the aim of enhancimgtual integration. The course content
follows the current trend with an effort to strdmgt the mutual links between individual

assignments to transform them into separate psoject

6.1 Multimedia teaching materials

The existing study materials in the electronic fatroover the whole complex of the subject
matter taught. Their present-day form is predontigamtext format fitted with static images.

In order to raise the attractiveness of the forrstatly materials, we are planning to produce
a set of animations with sound, which would vividlgpict the more difficult steps of
working with graphics systems. At present, thesgsses are projected by teachers on the
screen using a data projector, which is definigehighly vivid presentation method, but does
not give the student a chance of easy repetitige/ivig. Animations, however, will eliminate
this drawback. This will make study more attractfee students with enhanced efficiency
and some aspects of distant learning.

6.2 Integration of teaching tools

A low-level interconnection of the used program miled often causes complications in their
simultaneous exploitation in the teaching procésgarticular, the applications designed for
testing students’ knowledge and for evaluating tdeching process are presently separate
programs that have been developed on our own atchtk not part of the Moodle system.
Their results, therefore, are difficult to transfeto the other data sets of this system. We
would like to integrate the testing and surveywaft into the environment of the Moodle
system so that their resulting outputs are an ratggart of the Moodle system’s data space.
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7. CONCLUSION

E-learning as well as interactive graphics systamsgoing through a rapid development. E-
learning tools are presently commonly used at noogerschools as a standard teaching
component. In the field of graphics systems, theran increasingly growing role of 3D
modeling or automation of complex editing or cadtigdn procedures in general. To this end,
the setting of individual assignments is also cardusly modified and updated to match the
current development of the respective interactjgtesns and procedures applied in practice.
We believe that the presented problems have gamgppcts for the future and their teaching
brings students knowledge that will considerablytdbute to their practical professional
skills.
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A Research-based Curriculum for Cadastral Studies
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SUMMARY

In the ‘Vision on the function of Cadastre and LaRdgistry in Europe’, the national
institutions in charge of cadastre and land regiate prompted to ‘promote the educational
institutions that are providing the influx of youmgofessionals and [to be] in continuous
contact with these institutions to guarantee thempeent adjustment of their training
programs’ (Vision version May 22, 2006). From thewversity side, such engagement must
indeed be welcomed. The paper addresses this ehalkrough the indication of pertinent
fields of research and the suggestion of relevantponents of curricula or study programs.

University education has for about two centuriegrbeesearch-based. In the ideal type
situation, this means that teaching is based onwlatge which is proven through
experiments. This praxis of experimentation hasomg | tradition within geodesy, land
surveying and the disciplines of modern mappinghnetogies. However, the ‘soft’
disciplines of planning, cadastre, and land lawehawficulties in achieving the same degree
of scientific rigor. This may be related to thetfdwat these disciplines were introduced fairly
late and was not given much support at the predamitype of educational institution, the
technical university. Furthermore, during the lasicades a post-modern conception of
research influenced the mentioned social scierddaisning knowledge to be context bound.
The implication of this view is that adherence be tradition of accumulation of general
knowledge would be futile. This is bad news to nggmaent of cadastral and land registry
organizations, assuming that the management wabtse their decisions on knowledge
rather than opinions and trends. The paper argoats rhanagement should alley with
universities to provide the resources needed toeaddsuch intricate issues, even if a pay of
in the short run is not evident.

1. INTRODUCTION

The notion of ‘big science’ is conventionally redtto the production of huge rockets, high-
energy accelerators, nuclear research reactorssianthr (Weinberg, 1961). However, the

notion of ‘big science’ makes sense also withinftelel of land administration systems when
considering the investments provided by, e.g. tr@ldivBank for land reforms and similar

measures. Although such projects are extraordirtanyypared to mundane recording of real
property, these large-scale land reform projeatsirgdeed of importance, also for European
agencies and universities. This is because the dMdank projects may be interpreted as
large scale experiments which test whether thegureg knowledge on land titling issues are
sufficient. A problem with this endeavor is thaé thoundary conditions of the experiments
are hard to control. Never the less, research weldpment projects of the last decade
revealed that a focus only on the market in indigity owned land is a too restricted
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approach (Fortin, 2005). This position is suppoiwgdresearch in development economics.
So called heterodox economists maintain the cruoi@ of government in bringing about
wealth for its citizens, as the market alone wilt achieve this. To illustrate this by example:
After the United States got independence from Brjt& set up a protection scheme of tariffs
and bans on imports, to allow ‘infant industriestiecome internationally competitive. In the
19" century, American tariffs were among the highesthe world, and it was only after
World War Il that the US significantly liberalizéts trade and took up the cause of free trade
(Jomo, Reinert (2005) pages 10f and 100f with ezfee to Chang, 2002).

Turning back to the European setting, the abov@estgthat in order to contribute towards
social and economic development, land adminismatiagencies, universities, and
professional organizations should prioritize saumniights in real property also for those at
the edges of the established market. An activeteifosupport all members of a community
is needed to balance individual autonomy, and tiaée sand its branches is the major
instrument for that. In fact, the cadastre emengetisely in those kingdoms and countries
where statesmen acted out to bring available ressuto better use: population through
general education and health measures, industoyighrroads and other infrastructure, and
not least through improved public administratiomeTtendency, during the last decades, to
call for ‘less state, and more market’ has suppottte vocal demands of market players and
their parrots. The position is taken here that quelise of the market is largely unwarranted.
“The ‘invisible hand’ of the market mechanism ragsi a highly visible hand of enabling
political regulation in order to work properly” (Bmsen, 2001, p. 6). Consequently, a more
balanced view of land administration issues shbeldonsidered within national policy lines,
cf. the Eurogeographics/ PCC Vision Statement: €aelaand Land Registration in Europe
2012, presented in November 2006 (Laarakker, 2006).

Departing from the above stated worldview, the papeposes components of study
programmes which in the medium term should assistomplying with the needs of the
European national societies. Cadastres developé&diiopean before the modern university
compartmentalized knowledge into disciplines liksv] economics, and political science.
Therefore, cadastral studies have to be multilisary in order to re-integrate the
knowledge needed for sustainable recording of sight land and further attributes of
immobile assets.

The study program and its target group are outlimedection 2. The following section 3

comprises of subsections which each address gliiexi Knowledge from these disciplines
were lectured during an ad hoc study programmeutusn 2006. In section 4, experiences
on students’ mobility and acquisition of the maikare reported. A conclusion closes the
paper.

2. A LAND ADMINISTRATION STUDY PROGRAMME OF EUROPEAN S COPE
2.1 The need for advanced master and doctoral studiesid the target groups

The Work Plan of FIG Commission 7 — Cadastre anddLManagement, surveys an
impressive array of tasks which face cadastral @égerand their staff in the coming years.
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The knowledge needed to address these tasks hag textracted from a number of
disciplines, mostly related to the social sciences.

The present surveying programmes of European wsiiie does include topics of a social
science nature, including land use planning anéstaal law. Furthermore, the management
of geographical information - be it in central océl government, or in private companies or
bodies of civil society - needs a good understapadhorganizational and legal issues, and
these social science issues may be addressedstimgxgeoinformatics courses as well. Thus,
for most geodesy students, the national teachiniggrmentioned fields is sufficient.

However, some students would like to focus on theiat and managerial aspects of the
surveying trade and for those students more addapcegrammes are needed. This is
especially the case, if they consider continuirgrtetudies with the objective of attaining a
PhD.

The need for specialists with better understandhgnstitutional and related issues is

obvious at mapping and cadastral agencies. Furtiretnsonsulting companies of European
scope are becoming more visible and they requinenalerstanding of social and institutional

issues which is not restricted by the practisehef ¢andidate’s home country, but rather is
scientifically based. The same holds true for pas#t within the European Commission and
bodies like EuroGeographics and CLGE who mediateden Commission departments and
national organisations. Finally, the ease of lomsjathce communication and transportation
has made it feasible to spend some years abroddvielopment organisations, NGOs, or
similar. Also here, advanced courses are neederkftect the national knowledge and

practise in a scientific and international context.

Although the needs thus may be firmly establishibd, actual demand of graduates is not
large enough to provide such formal education ioheaf the small and medium-sized

countries of Europe. Therefore, it is appropridtat ta division of work takes place among
universities, so that each specialise in the ceues®l other study elements which fit their
specific strengths.

2.2The structure of study programmes; Erasmus Mundus

Within Europe, study programmes with a deeper $@ugnce approach have emerged in
countries which support cooperation schemes witteldping countries. An inventory of
such programmes is provided in (Stubkjeer, 2006)ramte not iterated here. However, such
study programmes hardly meet the demand outlineavegbpartly because access is
restricted, partly because the programmes ararfaiter programmes. Of course, European
universities may compete head-on to attract stsdentheir master programmes. A more
considered approach would be to establish a coaippramong a home university, where
the student takes the MSc. Degree, and one or rhosting university, which offers
supplementary, advanced study element.

Co-operation among European and other universgiesipported by the Erasmus Mundus
programme of the EU. The academic recognition peaod of study abroad is within the
discretion of the home university, which may usg&mmments available for such recognition,
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including the ECTS rating scheme and the Europagkma Supplement (EUinfo, 20067).
Individual study visits may be supported by the daras scheme. This arrangement is
managed by the home university.

The main instrument for co-operation is Erasmus #dlisn Masters Courses. Existing
programmes with some bearing on the domain addidsse include the following, which
are found within the two categories: Geography,theand environmental studies, or
Engineering, technology, respectively.

* 2004 IMRD: International Master of Science in Rubalvelopment (Ghent Uni, B)

* 2005 GEM: Geo-information Science and Earth Obgemdor Environmental
Modelling and Management (ITC, NL)

* 2007 Master of Science in Geospatial Technolodiméter, D)

» 2007 JEMES - Joint European Master Programme inr&mwental Studies
(Hamburg TU)

* 2007 COMEM: Coastal and Marine Engineering and Mangent (TU Delft, NL)

The year indicates the year of granting. The usiermentioned is the coordinating

university, as three or more European universitigge to set up a consortium. Consortium
partners have to agree on a joint master’s progmnaften lasting two years. Students will
study at two or more universities. Find detail&atolnfo (20067).

3. RESEARCH TASKS AND CORRESPONDING STUDY ELEMENTS
3.10verview

Research tasks are specified in the Work Plan @r Gommission 7, as mentioned above,
but appears also from the activities and documeinEuroGeographics, especially its Expert
group on Cadastre and Land Registry, as well aBénmanent Committee on Cadastre in the
European Union, and the WPLA, Working Party on Laatininistration within the Division

of Environment, Housing and Land Management of URE@e United Nations Economic
Commission for Europe. As for international reshamneeds, the activities and documents of
the Commission on Legal Empowerment of the Poothef UNDP, and the Centre for
Property Rights and Development of the Norwegiamppilag and Cadastre Agency, may
serve as a reference.

Faculties and Study Boards of European universitgage to face the challenge posed by the
research needs of these bodies. If the capacitidsen staff and the content of their study
programmes are not aligned with the stated ne&ésresearch tasks will be addressed by
other parties and the development potential osthgeying profession will diminish.

In the following, a survey of subjects is presemtddch might be needed in future study

programmes. The list is indicative only and refeemto literature are largely omitted. It is

organised along the lines of traditional discipiin@artly because knowledge have been
accumulated within these disciplines for a centaryso, partly because it might suggest
cooperation with staff from these disciplines amel telated departments.
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3.2Law

The very notion of property rights is based in ptésrand public law which is expressed in
national language. The recording and commentingeatfinent laws and ordinances, as well
as collection of court and administrative rulingse araditional elements of master
programmes.

New types of research and teaching regard the impla&U norms and rulings on the
national legal system. Moreover, the European Unitye Institute in Florence frames a
European Private Law Forum has initiated a projdath calls for attention: ‘Real Property
Law and Procedure in the European Union’. The pedfma of comparative, national reports
of the current legal situations is in process. Thports will focus on conveyancing,
mortgaging and related questions of land registnagis well as European law influences. The
law professors related to surveying departmentaildhally to complete the process and
participate in the further development.

The public access to data and the protection @hpyi is an issue of importance to mapping
and cadastral agencies. This includes researcartment thresholds for geostatistics. Master
courses should provide sufficient knowledge ondhesues, also in order to provide a basis
for PhD research. The same holds for immaterigbgnty rights to geospatial information.

3.3Sociology, Political Science, Public Administration

Cooperation among national bodies responsible riopgrty register and the implementation
of INSPIRE are urgent issues for mapping and cealasgencies. While these issues include
legal and technical aspects, the key issues regygathisations, their internal functioning and
the interplay among organisations. The notion afaarsation here refers to the general
concept which comprises a ministry, an agency,mpamy, and an association, that is: any
unit of cooperation among humans with stated ngmose, and decision rules.

The decision hierarchy within an organisation campnts the individual activities of
market players.Hierarchy and market appears to be mediated hyetworks among
organisations; the concepts thus refer to three ptemmentary organization principles.
Differently from what is conventionally taught, &tiory acts are not primarily the outcome
of public debates in the news, deliberations amang within political parties, and
Parliamentary activities. Rather, what is calpalicy issue networkare the breeding place
for new rules and revised allocation of competenaied resources.

Master programmes need to provide the graduatdsskilis to identify and navigate within
these policy networks and to further the mattershef agency concerned. Fortunately, the
need to adopt these skills is realized also byrdih@nches of technical faculties. Airports or
harbours are technical constructs like nationaperty registers, but their proper functioning
depend on an understanding of the social envirohwiethe technical part. Consequently, a
leading faculty like Technology, Policy and Managermof TU Delft is offering courses in
for example Inter-organisational decision makingg &esigning multi-actor systems. This
practice needs to be exteded to the geospatialidoma
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3.4Economics

The New Institutional Economics, primarily relateal the name of Douglass North, was
introduced to the FIG community by Sevatdal (198%)2), Zevenbergen (1999), and van der
Molen (2001), among others. New Institutional Eaoies provided the theoretical base for
the research action ‘Modelling Real Property Tratisas’, which attained support from
ESF/COST during 2001-2005 (Stubkjeer, 2002; COST620

This theoretical approach support the assessmerdrefaction costs, that is the costs related
to the purchase of immobile property and relategl, @dastral processes. It thus provides a
frame for comparison of administrative effectivenexross national practices in Europe.
Also, it provides a sound basis for assessing thetsre of fees and financing schemes.
Moreover, it expresses research outcomes within fthmework in which competition
authorities operate. By supporting research infibld, mapping and cadastral agencies will
expand their potential to comply with expectatiafsthe national and EU competition
authorities.

Real property assessment should also be reseaacldel@ctured at some depth within a few
European departments. Research issues include dbelimg needed to produce reasonably
accurate taxation values for the stock of propartits on the basis of available sales data.
Due to frictions among involved public and privaidies, available sales data are often not
used effectively. This important research areahiswever, best addressed within the
theoretical context of sociology and public adntiason.

3.5Technology

Mapping and positioning technology, as well as cotepand web technology is mentioned
mostly for reason of completeness. Before the ptesge of automation, mathematics played
a more prominent role in the study programmeshil tiscipline is not replaced by other
study elements which demand abstract reasoninguiveying programmes might risk their
credibility among other disciplines of the techhieeulties.

3.6 Cadastre as a subfield of informatics

Real estate units and identifiers, rights and edey, the Core Cadastral Domain Model, the
cadastral parcel in INSPIRE and other geospati@hsiructures, the 3D cadastre, are all
issues which should be and mostly are deeply caveyestudy programmes and research.
These issues demand a strong adoption of methadslé@m informatics, but it would be
mistaken to restrict cadastral studies to the médrcs aspect. The message of the preceding
sections is that cadastral studies needs the attegrof the disciplines covered.

3.7 Methodology
Scientific methodology is an important but also plinated field which cannot be adequately

treated in the present context. The following ol the issue by way of example; for a more
classical approach see e.g. Silva, 2001.
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FIG Commission 7 Work Plans include the 3D cadaasr@n important research issue. The
issue is also highlighted in communications tornmaional organizations (Enemark, 2006).
This call for research has been answered, primthriigugh the book by (Stoter, Oosterom,
2006), but also through a number of other publicesj including workshop proceedings (e.g.
Oosterom, et al., 2001). The complexity of thedfiehay be structured along the levels of
social analysis, proposed by O. Williamson (200@) similar by Paul van der Molen (2001).

A further structuring of the research questionsiglthe lines of established disciplines could
assist in obtaining more valid conclusions. Fornepke, the potential of technology can be
investigated from a more ‘pure’ point of view, irkend of laboratory situation, or it can be
investigated with focus on real-world processes syslems. The latter has the consequence
that local practices influence the outcome of timestigations, which may ease the local
decision process, but hamper the relevance foexternal, international audience.

The potential of new technology has to be brouglthe attention of decision centers of the
national and international society, but securimggts for those at the edges of the established
market is also a legitimate research objectiveh&®s, more emphasis should be devoted
towards the analysis of needs: Shall priority beegito the needs of the system user
(predominantly the cadastral agency itself) orh® énd-users of the system? The answering
of such questions may eventually evolve into a aeed priority scheme for cadastral
development.

This section set out to remind university facultae®sl study boards of development needs.
The chapter listed a set of suggestions for entmaect of existing study elements and
adoption of new. No specific references to literatwere provided, as this can better be
performed through a joint effort.

4. EVALUATION OF AN AD HOC SEMESTER PROGRAMME

The purpose and content of the semester studyamroge ‘Land Management and Cadastral
Development, focusing on Real Estate Taxation’ s#ned in (Stubkjeer, 2006, page 9-12).
The study director approved a proposal which fitkgtthin the rather open ninth semester of
the established (Danish) M.Sc. Programme in SumggpyiThe study programme was

presented on the web (SemesterProgramme, 200@hamnebsite of the Study Board briefly

mentioned the programme, but else no advertisifugtefwere made.

Two students reflected on the proposal, a MSc stualed a PhD student. In both cases, their
study visit was financially supported by Erasmusnillus scholarships. Both were enrolled as
ninth term students at the surveying programme a@nthe end of the semester passed
examinations according to the formal rules andtpres of the Danish surveying programme.
The study director acted as the examiner. The wsityehas established a formal quality
control system which includes forms in English laage (Kvalitetshandbog); accordingly,
the visiting students reported on their experientés following draws on these evaluations.

The study was to be performed largely as an inddgrarstudy, with a monthly conversation
with the supervisor. Therefore, the semester progra described for every month a set of
study elements and deliverables. The elements wetecompulsory; the visiting student
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could replace elements with other study activities,change the proposed weight of the
elements. For example, both students participatedome related courses which were
lectured in English. To manage this, a specifidgtplan was set up during the first month.
In both cases, this plan was again revised aroungiber and then used as a backdrop for
the examination. The study plans were brought ¢catitention of the visiting students’ home
supervisor, and in one case, the home supervifioented the weighting of subjects studied.
The detailed list of study elements thus functiomeoke as a rescue tool, e.g. in case of
illness of the supervisor, rather than a bindingmoThe real norm was set by the students,
who in dialogue with the supervisor(s) directedirttoavn learning path, an option warmly
commended by both students.

Both students learned from comparing the propetysters of their home country with the

Danish registers. They also reflected on how acstethnical system, like cadastre and other
property registers used for property taxation, westablished or transformed. The bulk of
activities addressed these issues, which wereatlte focus of examinations. However, as
this content appears from the publicly availabledgtprogramme, no further mentioning is

needed.

The individual steps in the scientific formatioropess highlighted very different elements of
the proposed study programme. The element: “Idematifd select fragments of your home
country's fiction literature, which describe th&at®n of people to land, soil, and ownership”
meant a lot to one student, who soaked more inghigect than anticipated. Such study
hardly improves your technical skills, but carryitige burden of unsolved questions may
eventually emerge as new insights and thereforechusen priority of this subject was
confirmed. — The other student was more eagerdastin on causes of change of [selected]
social components of the domain of land managementiuding the reflection of European
traditions in a globalized world.

The idea of focusing on definitions worked well fboth students, who among others
developed their source criticism through this wdtkvas not explicitly requested that the list
of definitions should be updated and/or revisedindurthe semester and none did so.
Although definition work is a time consuming jolb,i$ also scientifically rewarding and

could support more coherence among the ratheryfedetted subjects of the semester study.

The students were invited to set up their own webd8oth managed to do so without
specific teaching. Drafts and working papers werghanged via email and provided a basis
for email dialogues and the monthly conversatioith supervisor. This worked well, but the
web tools could well be introduced at the verytsaad used in a more structured way during
the semester. The easy Internet access and thg hedpful personnel of the University”
were acclaimed.

The section of related courses was hampered bytmadtudy guides and semester plans not
in accordance with current plans. Moreover, detong of some educational programmes
“were very vague and poor”. It was proposed thateand the email address of the various
semester coordinators be easily accessible on ée Also, the lack of English classes for
foreign students was considered a drawback, but iveicomed the opportunity to apply
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their language skills. For the PhD student a mgetias mediated with a property valuation
expert of the government.

Concluding, it seems that all parties benefitednftbe learning experience and that it can be
used as the basis for attracting more visiting estitsl

5. CONCLUSION

Assuming that management of cadastral and landtrggdrganizations want to base their
decisions on knowledge rather than opinions amitlzethe paper has related their research
needs to available knowledge within a number ofadcsrience disciplines. Faculties and
Study Boards of European universities were remirafetie challenge posed by the research
needs of cadastral and land registry organizatilbrtise capacities of staff and the content of
study programmes are not aligned with the statedareh needs, the research tasks will be
addressed by other parties and the developmennhtmitef the surveying profession will
diminish.

A more promising scenario is proposed through #ference to the development of joint
study programmes and to the support by EU schelarasmus Mundus in particular. Agency
management should alley with university staff toyide the resources needed for research,
even if a pay of in the short run is not evident.
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SUMMARY

Differences in contents of geomatics and geoinféicaaas they are evident in the present
situation in the Czech Republic. Partial intersattof them and informatics in generality is
illustrated and analysis of recent curricula foomatics and geoinformatics at the Czech
universities and especially at the University of stveBohemia in Pilsen, respecting
developing trends of geosciences at the beginrig*bcentury, is presented in this paper.

1. GEOMATICS AND GEOINFORMATICS

Spectacular progress in electronics and computen®e brought revolutionary changes of
scientific and technical disciplines, as e.g. gegdeartography, photogrammetry, cadastral
and topographic mapping, in the last 25 years. TinByenced substantially the style of
surveyor’s activities. Traditional tools for his kke- survey tape, stakes, theodolite and paper
maps have been replaced by new and powerful tooddeetronic tacheometry, Global
Positioning System, LIDAR, digital photogrammetdigital cartography and geographic
information systems. To-day’s primary products afveying and mapping are digital
databases of geospatial information which can keyaaed, modelled and integrated with
other kind of information and presented to ther urseligital or graphical form tailored to his
specific demands [1]. To-day’s surveyor or cartphgest cannot live in close shells of
individual disciplines (applied or physical geodestopography, photogrammetry,
cartography). His profession must become an intedgrprofession called in many countries
geomaticsor geospatial information engineering [2].

Even if this term is mixed up with the tergeoinformatics in most Central- and East
European countries there is a certain differencedntents what will be evident when
comparing curricula for both disciplines at somee€@r universities or some official
definitions. According to ISO Standard 19122 ,getinsais a discipline concerned with the
collection, distribution, storage, analysis, pr@teg, presentation of geographic data or
geographic information®. Its range is perfectly chézed by activities of the Geomatics
Canada: ,establishing and maintainance of natiapatial reference system, preparing,
publishing and distributing of state topographicalaps, aeronautical charts, aerial
photographs and gazetteers, surveys on state haoesidaroperty surveys on federal lands,
maintainance of national bases of geographic datatHe development of geographical
information systems®. It is in conformity with trekefinition of geomatics presented at the
University in Calgary (Canada): , Geomatics Engnveg is a modern discipline, which
integrates acquisition, modelling, analysis and agament of spatially referenced data, i.e.
data identified according to their locations. Basedthe scientific framework of geodesy, it
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uses terrestrial, marine, airborne, and satelbitgsed sensors to acquire spatial and other data.
It includes the process of transforming spatiaiferenced data from different sources into
common information systems with well-defined accyreharacteristics” [3].

There is no oficial definition ofjeoinformatics in ISO Standards. One of the best was
published by Dietmar Grinreich, president of theldfal Agency for Cartography and

Geodesy in Frankfurt (Main): “geoinformatics is &abpline concerned with theory of

geospatial data modelling, their storage, managemaed processing as well as with

development of geographic information systems anecessary information and

communication technology“[4]. Another pertinent idéfon can be found in the Wikipedia

encyclopedia [5]: ,, Geoinformatics is a science alhdlevelops and uses information science
infrastructure to address the problems of geosewrand related branches of engineering.
The three main tasks of geoinformatics are:

» development and management of databases of geodata
» analysis and modelling of geodata
» development and integration of computer tools afthsare for the first two tasks.”

2. INTERSECTION OF GEOMATICS, GEOINFORMATICS AND INFOR MATICS

Certain difference in contents of geomatics andrgeomatics as well as the necessity of
partial intersection of them and informatics in getity is evident irthe present situation

in the Czech Republic(see Fig. 1). The main task of disciplines asgedi in geomatics is
the acquisition, storing, processing and delivewhfundamental geospatial data and their
attributes with required accuracy and relevanceh&iata fill up special information systems
(e.g. Cadastral Information System) or databasegs ¢ fundamental horizontal and vertical
control, Fundamenal Base of Geographic Data ZABAG&#d others). Technical means
belonging to geoinformatics (e.g. databases, Gibtha means for data interpretation) as
well as to general informatics (e.g. hardware,vgafé and telecommunication networks) are
necessary for storing, processing and distributidiindamental geospatial data.

Typical room for geoinformatics is filling up thkematic databases which cannot avoid the
knowledge of datums and mapping projections as a@juisition of additional geospatial
data and attributes using frequently the GPS anmtbte sensing technologies. Special roles
of geoinformatics areanalysis and synthesis of geospatial data with the use of GIS
technology which facilitate high-qualitgognition and sound political, economic and
ecologicaldecision-makingon development of a territory. Another importaoimponent of
geoinformatics isvisualisation of geospatial data — not only by means of traddlo
cartographic methods - but using modern sophisteznologies (e.g. 3D terrain models,
modelling of objects on their surface, scene anonatvirtual reality). Geographic
information science borrow from the information dhe regarding to modelling and
representation of spatial objects and managemeatdtabase systems.
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cations spatial objects,

database systems)

INFORMATICS

Fig. 1: The present situation in the Czech Republic
3. DEVELOPING TRENDS AT THE BEGINNING OF 21 °T CENTURY

In the next 10 years a general harmonization oftipal and legal environment in the
European Union is expected. It enables to cread:tiropean geoinformation infrastructure
which will be characterized by horizontal intercggality of national geographic databases
and by hierarchical interoperability from the leval Land information systems up to
national, continental and global geographic dateda&eodata will be generally accessible
(e.g. through EU-Geoportal), cross-border geodathange will be obvious.

Development ok-cadastreof real estates will lead up to the sole informatsystem which
will register both ownership rights to real estatedusive their restrictions, and technical
data on owners, lands, buildings and flats. 3-Dast@ will also register and represent
underground- and overhead objects of real estaeacter and locate them in national (later
in European) coordinate reference system. Maintanaf national cadastral information
systems will be centralized, but on contrary, ddiribution to users will be spread into
information kiosks of local administration. Europdaand Information Service (EULIS) will
provide the electronic interface which enables dbeess to national cadastral information
systems in Europe. Costs of their services wilfudly covered with revenues coming from
the fees.
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Private surveyors(geomaticians) will be forced to provide the cteewith complex services
inclusive real estate evaluation and sale. Manyestgpe surveying operations will be
enough automated so that they will be carried gubdople without professional education.
As an example the application of robotized totatishs for detailed surveys or the system of
terrestrial laser scanning for surveying of buitgin streets, industrial objects, engineering
constructions and underground objects may be inted. Surveying and mapping will lead
up to the integration of more scientific and teclhidisciplines (as geomatics or geospatial
information engineering).

In photogrammetry the transformation of photography into digital gearecording will be
finalized. The price of large-format digital aerigameras will be comparable with
contemporary film cameras if not cheaper. Spatsitpn of individual digital images will
be derived from directly measured elements of extasrientation furnished by GPS and
inertial measuring unit during the survey flightri#orne multispectral digital images will be
frequently used to various thematic applications. &rborne laser scanner (LIDAR) will
beroutinely applied to modelling of terrain or ¢ relief and their temporal changes.

Development ophysical geodeswill concentrate on improving the parameters ef Barth
body and its gravity field as well as on precisthg continental and national coordinate
reference systems inclusive their temporal chan@ésbal positioning system will reach
millimeter accuracy in geodetic kinematic applioas, too. Dense network of permanent
stations in individual countries, currently used ibyellectual systems for navigation of
persons, cars, ships and airplanes in the real iwilebe their component. Temporal-space
aspect will be typical for acquisition, processargl analysis of geospatial data.

Remote sensindgechnologies will utilize many small satellite®piding multispectral digital
images with large ammount of narrow visible, ind@rand thermal wavebands. High
resolution satellite digital images will replace dome extent aerial photogrammetry in the
case of updating the topographic databases. Thieoaef automated recognition of spatial
and qualitative changes during the time period mdating will be frequently used for this
reason. Thanks to capacities and large field-ofvvad remote sensing the whole Earth
surface inclusive non-inhabited regions will beresgented in the form of digital topographic
databases at level of 1: 1 million, 1:250 thousand even 1: 50 thousand mapping by the
year 2025.

Cartography will be significantly influenced by the developmemf information
technologies. It seems that it will be above alleavice for cartographic visualisation of
geospatial data processed by GIS technologies.nid@ in paper form will not loose its
significance entirely but it will be one of toolsrfeducation, free time activities and common
military purposes only. Other more frequent form# e electronic maps and atlases, 3D
models of landscape, animations, virtual models iatellectual geoimages of multimedia
character. Internet will facilitate quick accessdartographic products and it becomes a
global geoinformation system. Abandonment of caephic know-how when creating the
GIS software by IT- people only (e.g. principlescaftographic generalization, application of
sofisticate map language) could lead up to distidouand using the impressive and quick
working software but not always giving meaningfutguts.
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Analysis of future trends and applications of gemrswes which are tied in with geomatics
and geoinformatics illustrates how deep will beraded the profession of today’s surveyor
and cartographer in coming information age. Foclsheir activities will transfer from
labour-intensive acquisition of geospatial data th@ir processing, maintainance and
presentation for the needs of scienfitic, admiaiste, legal and technical operations. The
curricula for geomatics and geoinformatics shoeltect above mentioned trends [6].

4. PROJECTION OF NEW TRENDS INTO CURRICULA FOR GEOMATI CS AND
GEINFORMATICS AT THE UNIVERSITY OF WEST BOHEMIAIN  PILSEN

Modern conception of geomatics was accepted bythieersity of West Bohemia in Pilsen
as early as 1995 and projected into curricula {&cB M.Sc., and Ph.D. studies of geomatics.
Other universities in the Czech Republic follow mor less the objectives of geoinformatics
described by Dietmar Grunreich. Because of a gdemhand for skilled technicians in
geoinformatics the B.Sc. - curricula for geoinfotiosis being accreditated at the University
of West Bohemia in Pilsen in 2007. Composition led\zed mentioned curricula (see Table 1
and 2) is based on profound analysis of futuredseamd applications of geosciences which
are tied in with geomatics and geoinformatics. Fatlegal and political environment in
Europe that can influence substantionally the leoklglobal, European and national
infrastructure of geospatial data has been alsentako consideration.

Table 1 a): B.Sc. - curriculum for geomatics (3 rggaThe overview does not contain subjects of gene
fundamentals (mathematics, physics, statistics).etc

Subject Year/Term Lecture + Seminar

Mathematical cartography | 2/ WT 2+2
Geodesy |, Il 2/ WT + 2/ ST 3+2
Topographic mapping 2/ ST 2+2
Introduction to GIS 2/ ST 2+1
Civil material law 2/ ST 2+0
Land law 2/ ST 2+2
Geodetical methods of adjustment 3/ WT 2+1
Cadastre of real estates 3/ WT 2+2
Programming techniques 3/ WT 3+2
Thematic cartography 3/ WT 2+1
Large scale mapping 3/ WT 2+0
Automation of geodetical computations 3/ WT + 3/ ST 2+2
Photogrammetry 3/ ST 2+2
Differential geometry 3/ ST 2+2

Bachelor study programme Geomatic$ias two main objectives:

1) to prepare the graduate for continuing in masteaysat the Faculty of Applied Sciences
or for similar study programme at other Czech ursitg or abroad,

2) to prepare the graduate for practically orienteafgmsional activities particularly in the
field of
e acquisition and processing of geospatial data
» filling up the geospatial data funds and their upap
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 maintenance of cadastre of real estates
* surveying for land consolidation projects
* |and evaluation and real estate market

Bachelor study programme Geomatics requires theee-gtudy concluded by the state
examination and viva voce of a bachelor proje¢henstudy field ,Geodesy, Cadastre of Real
Estates and Civil Material Law".

Table 1 b): M.Sc. - curriculum for geomatics (+eays).

Subject Year/Term Lecture + Seminar

Physical geodesy 1/ WT 2+2
Earth remote sensing 1/ WT 2+2
GIS in human geography 1/ WT 1+2
Algorithms of space analyses 1/ WT 1+2
Theory of GIS generation 1/ WT 3+2
Database systems | 1/ WT 3+2
Cartographic reproduction and polygraphy 1/ WT 2+
Global positioning systems 1/ ST 2+0
Database systems |l 1/ ST 3+2
Geometric and computer modelling 1/ ST 3+2
GIS in physical geography 1/ ST 1+2
GIS applications 1/ ST 1+2
Database systems for GIS 1/ ST 2+2
Mathematical cartography Il 1/ ST 2+2
Administrative law 2/ WT 2+0
Algorithms of computer graphics 2/ WT 3+2
Computer cartography 2/ WT 1+2
Data visualisation 2/ ST 3+2
Digital image processing 2/ ST 3+2
Satellite geodesy 2/ ST 3+2
Theory of law 1/WT + 1/ST + 2/WT + 2/ST 2+2

Table 2: Comparison of B.Sc. - curriculum for getinsgawith proposed B.Sc. - curriculum for geoinfatios.
The overview does not contain subjects of genaraddmentals (mathematics, physics, statistics, etc.

Geomatics Geoinformatics
Mathematical cartography | Introduction to geonmtic
Geodesy |, Il Geodesy |, Il
Topographic mapping Terminology and standardizatiogeoinformatics
Introduction to GIS Introduction to GIS
Civil material law Modern methods of geodata acitjois
Land law Cartographic visualisation of geoinformation
Geodetical methods of adjustment Information tetdgies for geographic data
Cadastre of real estates Methods of topographideagd scale thematic mapping
Programming techniques Programming techniques
Thematic cartography Thematic cartography
Automation of geodetical computations Computeragdphy
Large scale mapping Spatial databases
Photogrammetry Programming of internet applications
Differential geometry Computer networks
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The purpose ofnaster study programme Geomaticss to prepare engineers capable to
manage challenging work in geodesy, photogramme&mote sensing, cartography and
cadastre of real estates using modern means ofmaf@mn technologies. The study
programme is primarily guaranteed by the FacultyApplied Sciences (departments of
mathematics, informatics and computer science)ldnydl subjects are being taught at the
Faculty of Law. Home environment for the sectionGd#omatics, which is the guarantor of
the above mentioned study programme, has been fouithin the Department of
Mathematics. This department ensures teachingl @dabnced mathematical disciplines as
e.g. differential geometry, geometrical and computeodelling, ordinary and partial
differential equations inclusive of guiding the shisations focused on mathematical and
geometrical problems.

Master study programme Geomatics requires five-ystady concluded by the state
examination and viva voce of a dissertation in shedy fields ,Geodesy and Geographic
Information Systems*, ,Cartography” or ,CadastreR#al Estates and Civil Law".

The average annual number of graduates in Geonatibe University of West Bohemia in
Pilsen is up to 20 masters and 30 bachelors. Thaaoksheir good knowledge of
geoinformation technologies almost all of them fiheé adequate job in the state sector of
surveying, mapping and cadastre, in bodies of pubtiministration or in private land
surveying firms.

The newly introducedbachelor study programme Geoinformatics has two main
objectives:
1) management and distribution of geospatial datasamdices in the environment of
distributed processing,
2) application of geoinformation technologies.

That is why the bachelor study programme will beuted on

* practical knowledge of basic standards of geographformation (ISO, OGC,
OASIS, W3C,CSN EN,CSN)

* metadata systems

» overview of existing geospatial databases and tiszibility

» general knowledge of geodata acquisition

» detailed knowledge of geodata processing

* managing and delivery of volumenous geodata sets

* web services and web servers (geoportals) for daatistribution.

Graduates of the bachelor study programme Geoideswill find the job in the public
administration bodies (e.g. regional, town and rowpaiity offices), in private firms
developing GIS and web applications of geoinfororati eventually in the crisis
management as well.
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SUMMARY

The increase of cartographic literacy today is &whlwithin the traditional educational
process occurring at school, as well as by varfouss of education, such as e-learning or
blended learning. Thematic cartography taught enftrm of the so-called blended learning
is one of the courses provided by the Departme@eafinformatics at the Faculty of Science,
Palacky University in Olomouc in the framework of pdot project of integration of
e-learning. Blended learning combines technologgedamaterials, face to face sessions and
printed materials. This article describes the aspmfluencing the organisation of this kind
of learning, the preparation of study materialdearning activities, as well as problems and
obstacles encountered during the preparation ottese and during the actual integration
of LMS and e-learning. We have choosen the LMS Meddr the online portion of the
course and we placed an emphasis on educationaiitiast knowledge sharing and
teamwork in a didactic scenario for the entire seufThe total conception of teaching the
above-mentioned course is outlined and particldangles are introduced.

1. INTRODUCTION

The development of information technologies is ofighe most influential factors in the
development of national economies. As its conseggiean information society has risen,
which has pushed forward distinctly the Americaroremny before the Japanese and
European economies. An efficient processing ofigpatformation is a part of a developed
information society. This does not only concern ahdity to produce maps, but mainly the
habit to create systematically, to process effityerio manage efficiently, to analyse in a
sophisticated way, and to visualise efficientlyivas spatial information. A map is essential
in this process; however, the key issue being #regption of space through information
encoded in digital data, the most important preistpuis the acquisition of an appropriate
degree of cartographic literacy. While the develeptmn using computer hardware, software
and telecommunications is very fast, the percepiospace, fast and correct spatial decision
making and expressing the spatial information futions, commands, intentions) is the
weak point of many societies (not only the Czechk)oihe increase of cartographic literacy
today is enabled within the traditional educatiop@cess occurring at school, as well as by
various forms of education, such as e-learningemded learning etc.
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2. CARTOGRAPHIC LITERACY

The cartographic literacy represents the abilitygad maps and the skill to create maps.
Reading maps consists in the perception of a miapgfiaphics), using the legend and
understanding the content of a map. This is a poad acquiring information due to the

knowledge of a map language. There are two kindsagbgraphic literacy: natural (innate)

and acquired additionally (by learning) (Pravda DOO’he innate cartographic literacy is a
skill natural for some as it is part of their coosisness, mind processes, and cognition.

Cartographic literacy is a complex term that hagsdhdegrees: comprehension, use and
development. Comprehension represents understatitérgpntent, demands of the activities,
and knowledge of the creation and the use of magdgteeir outputs, both paper and digital.
All experts who use maps within their professiotegm with cartographers, or manage
cartographers, should acquire the degree of capbge literacy comprehension. The degree
of use is represented in the form of a professioagbgrapher, who creates maps for various
purposes and in various forms. Their outputs cam 8emanding professional criteria and are
traditionally the most commonly required outputs m@search work. The degree of
development in cartographic literacy belongs tadaosic teachers, managers of cartographic
organisations, development workers and other expeito determine the trends of
development of geovisualisation technologies ardlighi the essential theoretical aspects of
cartographic fields.

The cartographic literacy requirements vary. Howgteey are on the increase today and
their importance is growing. Cartography-literaxperts are required as members of research
teams, as well as workers on important decisioninggosts. It is most desirable that part of
the professional training in many professions bepaaticular cartographic education.
Cartographic literacy acquired on all the threerdeg introduces wide opportunities of
spatial activities in the function of a knowledgasbd society, as it enables:

» Better availability of spatial information via digl maps on the internet or wireless
telecommunication networks,

» More precise and efficient spatial decision-makingluding the economic and political
ones) since most of them happen over maps,

» Development of better technologies to support ta@aggement, analysis and visualisation
of spatial data and their interconnection with offm®n-spatial) systems,

» Concentration of new knowledge and experience aalications and the
implementation of space-based approaches to maag éand thus to a wider spectrum of
practical activities).

There is a great danger in the technological pwtkente. the lack of understanding and
applying the principals of cartography. This candeen in most czech and foreign GIS
conferences when carefully studying the displayeg products. A great number of them are
inconvenient — the scale is missing, the compasisancorrect, the legend is disorganised or
dependent, etc. The value of thus presented infismas much lower and the result of
cartographic attempts is inapplicable. That is h@oteason why it is necessary to observe
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the cartographic literacy development, especially the field of digital cartography
(Vozenilek 2002).

3. PILOT PROJECT

A year-long pilot project of integrating e-learnimgo modules and professional preparation
of cartographers was launched in the summer sem&§i@7 at the Department of
Geoinformatics at the Faculty of Science, Palackivérsity in Olomouc. It also includes the
course Thematic cartography (TEMAK), which is pardl in the form of blended learning to
the students in a study of Geography & Geoinforosatihe students are provided this course
with regard to their rather high computer literadyich enables them to elaborate and submit
the tasked assignments (maps) in the digital form.

Blended learning combines face-to-face sessions edehrning, i.e. it combines live
presentations or workshops, seminars or coursds &éctronic education accomplished
using the information and communication technoleg{éCT). LMS Moodle has been
introduced to support and manage classes withdegdts OpenSource character and a wide
range of tools that it offers to the course adntiater, as well as the tutors and students.
Four courses are running at present in the forne-lgfarning or blended learning, two of
which are managed by internal workers of the Depant of Geoinformatics, one is managed
by and external tutor and one course is managed lworker of the Department of
Geography at the Faculty of Science, Palacky Usityem Olomouc.

4. COURSE MANAGEMENT

It was necessary to select a suitable LMS (LearMagagement System) and to determine
the complete conception of the e-learning at thggriveng.

We have chosen the LMS Moodle; the reasons arendieéow. Then a didactic scenario of
individual courses and e-learning has been cresdtedr department.

4.1LMS Moodle

To realise e-learning and blended learning courses,have decided to use a module
object-oriented educational environment. The rea$oltow:

* licence policy — Moodle is an OpenSource project i@ program interface is dispensed
under the GNU/GPL licence, therefore it is freeaflelped significantly to make the
decision whether to attempt e-learning at all. $imoth availability of the system, which
enables a free trial of all tools without limitat®followed by the shift into real use,
without financial demands and other commitments,ledped us create e-learning and
blended learning courses.

» Demands on the student — the pleasant and wehgedauser interface (WYSIWYG
editor, among others) is not demanding on compiiéeacy of students, basic computer
skills suffice to operate this environment. Thedstut is in an internet browser
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environment and clicks the individual hypertexkBnPerfect information on the user’s
steps supports orienting in the individual courses.

* Availability of the system — it is one of the megtlely spread LMS in the Czech
Republic, as well as abroad, which leads to thstemce of a great amount of
documentation, discussion forums, and wiki systerented on system management and
use, therefore searching the solutions of possgitiblems is fast.

» Extent of localisation into the national environrherthe system is fully localised and
supports individual selection of various languagéations for the complete interface. The
presence of the Czech environment is favourableneomy students during their first
encounter with this type of study.

» Authorised access anywhere — the system enablesndethe individual roles of the
course creator and the tutor, while it providesrdwgstered logged-on person the
opportunity to create/edit the course from any spot

» Technical requirements on the system — as we hagtkisince the very beginning that we
wanted to run the LMS on our own server, we lodked solution compatible with the
basic technologies that had already been installetthe server. Considering the use of a
proved combination of Apache + PHP + mySQL, Moades our primary choice. The
current Moodle installation is the 1.7+ for Windowersion and it runs on our
departmental server. It is a one-processor seritartwo physical hard-disks and the
Windows Server 2003 operation system. The serndecaed in the university server
room, which is centrally protected against powdufa and over-voltage shock, has
steady temperature, finite dustiness, and authibaseess. The web server Apache 2.2.3
complemented with the PHP script language, versiaré and the database instrument
mySQL 5.0.24 complemented with the phpMayAdmin2d@atabase manager. A
continuous task check of selected courses of thedidcsystem is handled by the
complementary PHP script Moodle cron for WindowstiBthe database contents and the
application file system are regularly backed up ineekly cycle of a complete back-up
using the Cobian back up 8 system.

4.2 Learning Conception

All students who signed for any course offeredhia form of e-learning or blended learning
were e-mailed basic information of this form ofrl@ag (see Fig. 1).

There were entrance tutorials at the beginninghef semester which were outlined as
instructions for organisation of the course, worithwthe LMS Moodle including filling in
their profiles and terms of successful passinghef individual courses. The students were
given enrolment keys needed to sign for the indiglctourses.
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Fig. 1: Information leaflet for students who sigrfedthe TEMAK course, which is taught in the fooh
blended learning at the Department of Geoinforrsadicthe Faculty of Science, Palacky Universit@laomouc
in the summer semester 2007

If a course is taught in the form of blended leagniface to face meetings are organised
during the semester where issues connected witkttioents” individual works are discussed
and the students exchange their experience. Thase thheetings do not serve to cover the
learning matters but their practising. The thetsglf is then covered by the students who use
the study materials available in LMS Moodle or ottecommended literature sources.

The students are set their tasks and instructionstreer accompanying learning activities

(forums, dictionaries, surveys, etc) via MoodleeTghilosophy of work and learning in the

LMS Moodle environment lies in the active partidipa of students, i.e. contributions in

discussion forums, voting in surveys, filling-inlioe tests or elaborating written assignments
and their submission in the electronic form.

5. THEMATIC CATOGRAPHY COURSE

The Thematic cartography course (TEMAK) is dividetb 12 modules, where the number of
modules follows from the number of weeks in the san semester, and 6 face to face
meetings are organised. The output of most taskgreed to the students in the framework of
TEMAK is a digital map, which must comply with thgiven criteria of cartographic
“correctness”. Acquiring practical skills is empisasl in the course, i.e. the students should
be able to apply all the theoretical knowledge iiactice in the form of creating their own
maps. Knowledge sharing and mutual communicatidwédsn the tutor and the student and
among the students play an important role in thdutes.

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
Czech Technical University, Prague, Czech Repubte,June, 2007

159



Zuzana $avova, Vilém Pechanec, Vit VoZenilekBlended Learning Course for Thematic Cartography

5.1 Didactic Scenario of the Course

Each TEMAK module contains these basic elementstruntions for self-study, a file
containing study materials and their brief desmiptand a forum related to the taught issues.
Following the mottdKnowledge is gained by analysing the issue. Wisdoowever, comes
with understanding what connects therttie students are gradually tasked assignments and
exercises. Each assignment comes with instructfonsassignment and instructions for
foundation input data preparation for accomplishitigs assignment. The individual
assignments usually comprise the acquisition oeneds from more modules, therefore there
is not one assignment in each module, but afteclading a particular theme. A requirement
for passing the course is the submission of thieoetded assignments (in the digital form).
There are also exercises to practise and acqueegitlen learning issue apart from the
assignments. Their elaboration is optional and deép®n each student’s activity. There are
also links related to particular examples of theeted theme, e.g. maps or suggestions for
further self-study. To motivate students to fulfthese optional activities, the best
performances are awarded with cartographic anchfgonatic prizes, e.g. books, magazines,
CDs, or materials from companies dealing with gdphy or geoinformatics.

Apart from the partial assignments, the studentsewasked a semestral work at the
beginning of the semester, which serves as a festeoskills gained during the whole
semester. The main part of the semestral worksenaestral map of the A2 format at least
(see Fig. 2) which represents an application ofatepuired knowledge on a particular theme
of their map. The themes of the semestral worknatdimited by their relevance, space, or
time, the aim being the student choosing a theime is/ interested in. The students may be
motivated by their possible participation in theegifgious Map of the Year competition,
which is organised by the Czech Cartographic Sypcatd where the most successful maps
will be sent at the end of the semester. The stadsitl present their work at the so-called
final tutorial, where the course will be concludedthe form of an oral defence of their
semestral work with the participation of all othearticipants and tutors, with a public
discussion over the course and the content of thelevcourse, including comments on
individual issues.

E =z VYROBA ELEKTRICKE ENERGIE V ¢R
v roce 2004

Fig. 2: An example of a semestral map elaboratea $tydent in the framework of TEMAK
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The face-to-face meetings, as well as in the coofske e-learning part, the comprehension
and acquisition of the given learning issue are lemzed. The students are asked to
contemplate independently the given issue andalstisn or to cooperate in pairs or in
groups. It is important to involve creativity, matorming and the ability to sort and process
information on the given theme and to find an optisolution.

To be more particular about TEMAK, the followingrpaf this article describes some
modules and related learning activities.

5.2Examples of Learning Activities

The course of Thematic cartography follows from wktudents learned in the winter
semester in the framework of a basic course comggrgeographic cartography and
geographic information systems.

As mentioned above, the outcome of most assignmiasised to the students in the
framework of TEMAK is a map that the students sulimthe digital form through Moodle
(.jpg, .tif, .pdf formats). It is not necessary koow particular software to create maps, it
depends on which program the students choose tegsdheir tasked assignments.

The students study the given study issue befora¢heal elaboration of the assignment, e.g.
the methods of choropleth maps (the individual agraphic expressing methods used for
illustration of both quantitative and qualitativatd in the map are covered gradually during
the semester). Each method is related with ap@tgpaxpressing means, i.e. it is necessary
to introduce e.g. the use of different colours doantitative distinguishing of phenomena

together with the choropleth maps. While the chapte the colours used for quantitative

distinguishing of phenomena follows the chaptercbéropleth maps, the chapter on the

choropleth maps was preceded by the chapter devotélde data classifications and the

creation of classes for choropleth maps and prap@t symbol maps, etc. This means that
the individual chapters are closely related andbvoleach other and refer to each other,

however, the learning issue is covered as a whole.

When a student covers the study materials seh@ose¢lf-study, s/he is asked to elaborate the
assignment which will prove the student’s graspghef given study issue. The student must
prepare the needed data to elaborate a map. Ttracitn@ns are given in the presentation
concerning data preparation (where to gain datat wimd of data, how to pre-process them,
etc., see Fig. 3)
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Fig. 3: Presentation concerning data preparatiedee to elaborate the assigned assignment

The students find detailed instructions in the grssient concerning the appearance of the
map, the deadline and the form of submission, dm&y tcan discuss possible problems
through a forum that comes with the given assigrimfeor example, one of the assignments
is to create a choropleth map of population densitthe European Union countries in the
given year using the colour and raster for quaintgadistinguishing of phenomena and to
add both the composition elements, such as thee sdale, the table of input data and the
guotation of the information source etc.

Some examples of other assignments are creatiorteeoproportional symbol map for
Moravian and Silesian districts based on the data the czech census of population 2001,
the chorochromatic map of the land use accordinghto data of the Ministry of the
Environment of the Czech Republic or the dot mapefesent the data from the Institute of
information in education of the Czech Republic batses.

Apart from maps, text protocols are the outputahe assignment, e.g. a critical evaluation
of a chosen map, a report on czech thematic mapheoassignment of an “ACS maps”,

where the students in pairs choose an appropriedenge of analytical, complex, and

synthetic maps in ESRI Map Book.

If the assignment is submitted in the digital foamd the required format, the tutor studies it
and write notes “directly in the map” (see Fig.of)in a text and sends the assignment back
to the student to remake it. This process repeats$ the map is perfect and the given
assignment is accepted as fulfilled.

HUSTOTA ZALIDNENI EU V ROCE 1994 HUSTOTA ZALIDNENI EU V ROCE 1994

Apart from the assignments and forums, the stuneyt study the related literature or links,
e.g. view the choropleth maps in the atlas of thmmeAcan census, read how to quote
correctly from a source of information accordingttte standard ISO 690 or try some of the
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courses provided by the company ESRI in the franmkewb the s«-called Virtual Campus
Furthermore, some chapters include learning aigssitsuch as the creation a dictionary
where both the students and the tutor can addrarege and comment on the individ
entries concerning the given topic, e.g. diagramgniaps. An example of a t-week
TEMAK module plan, see belo

26" February 4™ March
Choropleth Maps and Colours

Self-study

ColorBrewer

Choropleth maps in "Mapping Census 2000 : The Geography of U.S. Diversity" atlas
| 3_study materials

5?'3 Competition of "The best colour choropleth maps”

- you can input your choropleth maps here and win one of the prices

.:fl:. Possibilities of quantitative data classification in ArcGIS 9

5" March 11*" March
Raster and the First Map

Self-study
How to quote correctly
3 4_study materials
Data preparation
@ The first map
- attention, your first big assignment':"*:":'
.:fl'; Forum - Help each other

_:fl:_ Have you tried ESRI Virtual Campus?

5.3Communication and Feedbac

Knowledge sharing and mutual communication betwaentutor and the student or amc
the students play an important t in blended learning. The tutor is not perceivedaa
omniscient encyclopaedia, but rather as an adasérguide through the study. The stuc
thus assumes the responsibility for his/her owdystand acquisition of the necessary sk
similar to the “full” elearning

Apart from the individual modules, in TEMAK thergeaseveral forums concerning 1
modules and forums dealing with cartography andsnamgeneral, where the students st
e.g. their experience with map creation, ideasénestral work, tips for exhtions or links
to the best map servers. There is also a forummdeaith technical problems (the-called
technical plane) and a forum enabling a more pealstomtact of students on a less “offici
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level (the so-called social level). Each studeart taunch a discussion in any forum on a
selected topic or add a contribution to an existiisgussion.

The students can send messages through Moodle-madl & communicate with their tutor
— those are examples of asynchronous communictdas. Some examples of synchronous
tools are contacting the tutor through Skype alephone line.

The so-called SWOT analysis will be a crucial ttmokvaluate the whole pilot project; it will
identify the strengths and weaknesses, as welppsrtunities and threats. It will follow from
evaluating the feedback based on observable isttiaents” activities during the semester,
their reactions in the forums, their participatimnoptional competitions, or the activities
during the face-to-face meetings. We also wantde surveys and questionnaires and to
evaluate the overall as well as the partial redoltswing the view of the tutor and the LMS
administrator.

6. CONCLUSION

We have only started using blended learning aneamiing at the Department of
Geoinformatics at the Faculty of Science, Palackyersity in Olomouc, and we still have
to deal with a number of troubles and problems lobth technical and pedagogic character.
Nevertheless, we definitely intend to continue tbisn of learning as the present reactions of
students are very favourable and show that theythirs way of learning appealing and that
they have gained a totally new view of learning andly.

Regarding the fact that anybody at the Faculty @érge, Palacky University in Olomouc
has never used the possibilities offered by e-lagrrwe welcome any critical comments or
advice.
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Surveying Education and Marketing of Surveying Eduation in Finland
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SUMMARY

Surveying education is offered on three differegnels in Finland. The first degree in
surveying after basic studies is the cartograpBachelors of Science (Tech.) in Surveying
are graduated from Polytechnics and Masters ofnSei¢Tech.) in Real Estate Economics,
and Masters of Science (Tech.) in Geomatics ardugitad from Helsinki University of
Technology. The degree structure at Helsinki Ursigr of Technology is two-stage
consisting of a lower and a higher academic degrbeee years of studies will lead to the
degree of Bachelor of Science in Technology anddahewing two years of studies will lead
to the degree of Master of Science in Technology.

General trend in the surveying field in Finlandhe 1990’s was that enrolment to surveying
education dropped year by year on all of the tredecation levels. Surveying education
interested too few young people in the late 199@d many educational institutions had less
applicants than open posts. At the same time & @avious that by the year 2010 about a
half of the surveyors working in the late 1990’s ulb retire offering plenty of vacant
situations. In this situation the occupational oigations, educational institutions and biggest
employers in the field awoke to consider how thizamge of generation would be
implemented successfully and how the marketingiatrdduction of the surveying field in
comprehensive and secondary schools would be eaetiadncmake more and more young
people choose surveying as future profession.

This threat of decline in the surveying field made occupational organisations, educational
institutions and employers form a joint marketirgarh (Imago Team) for planning and
realising actions for marketing surveying educatiamong the young generation.
Simultaneously and in co-operation with the Imagar the educational institutions are also
enhancing their own marketing. As a result of thisrk the familiarity of surveying has
increased among the young generation and enroltoerdrious educational institutions has
started to increase.

This paper considers the surveying education, gyges structure at the Helsinki University
of Technology and the various marketing methods @rahnels used in Finland in the 21st
century for increasing the familiarity of surveyiegucation and interest in the field among
the young generation.
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1. INTRODUCTION

The Finnish education system is composed of nim-yasic education (comprehensive
school), preceded by one year of voluntary pre-anmeducation; upper secondary
education, comprising vocational and general edutaand higher education, provided by
polytechnics and universities (see Figure 1).

Basic education is free general education provifbedthe whole age group (currently c.
60,000 children). After completing the basic edigasyllabus young people have finished
their compulsory schooling. It does not lead to goglification but gives eligibility for all
upper secondary education and training.

The post-compulsory upper secondary level comprggaseral and vocational education.
Both of the forms usually take three years and @h@ibility for higher education. About
55% of the school-leavers opt for the general ugpeondary school (high school) and 39%
initial vocational education and training schooEW).

The upper secondary school (high school) is basetbarses with no specified year-classes
and ends in a matriculation examination. It does qualify for any occupation. After the
upper secondary school, students continue in usites, polytechnics or vocational
institutions. The aim of vocational education araining school (VET) is to improve the
skills of the work force, to respond to skills need the working life and to support lifelong
learning.

The Finnish higher education system consists of tamplementary sectors: polytechnics
(universities of applied sciences) and universitidge mission of universities is to conduct
scientific research and provide instruction and tgrasluate education based on it.
Polytechnics train professionals in response todalmarket needs and conduct research and
development (R&D), which supports instruction anrpotes regional development in
particular.

The studies in universities and polytechnics arantjtied as credits (European Credit
Transfer System - ECTS). One year of full-time gtadrresponds to 60 credits. The extent
of polytechnic degree studies is generally 21040 @redits, which means 3.5 to 4 years of
full-time study. This education is arranged as degrogrammes. The entry requirement is a
certificate from an upper secondary school or thericulation certificate, a vocational
qualification or corresponding foreign studies (Begure 1).

At the universities students can study for loweadBelor's) and higher (Master's) degrees
and scientific or artistic postgraduate degreeschvhre the licentiate and the doctorate. In
the two-cycle degree system students first completeBachelor's degree, after which they
may go for the higher Master's degree. As a rtlglents are admitted to study for the higher
degree. The universities also arrange separateeMmagirogrammes with separate student
selection, to which the entry requirement is a R#mts level degree or corresponding
studies. The extent of the Bachelor's level deggeB80 credits and takes three years. The
Master's degree is 120 credits, which means twosyafafull-time study on top of the lower
degree (see Figure 1).
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The first degree in surveying after basic educasturdies (comprehensive school) is the
cartographer. Bachelors of Science (Tech.) in Sumgeare graduated from polytechnics,
Masters of Science (Tech.) in Real Estate Econoraics Masters of Science (Tech.) in
Geomatics are graduated from Helsinki Universityfethnology (see Figure 1).

HELSINEI UNIVERSITY OF
TECHNOLOGY

Department of Surveying

O Degree Programme of
Feomatics

U Degree Programme of Eeal
Estate Economics

O Master of Science (300 cf)

POLYTECINICS

(UWNIVEESITY OF APPLIED

SCIEMNCES)

0O Espoo-WVantaa, Mildeeli,
Eovaniemi and WVaasa

U Bachelor of Science in
surweying (210-240 cr)

Fy b
TUPPER SECONDARY VOCATIONAL EDUCATION
SCHOOL (High School) AND TRAINING (VET)

O 3-4 vears O 3 vears (180 cn)

O Cartographer

| |

BASIC EDUCATION (Comprehensive School)
O 2 years

O Preceded by one vear of woluntary pre-primary education

Fig. 1: The Finnish surveying education system.

Cartographers are graduated from eight vocatiociab@s. Open posts for new students of
cartography annually total in about a hundred. Blmrs of Science (Tech.) in Surveying are
graduated from four Polytechnics. The annual intakeome 80. The present annual intake
for the Degree Programme of Geomatics at the Halklniversity of Technology is some 40
and for the Degree Programme of Real Estate Ecasosoime 50.

General trend in the surveying field in Finlandhe 1990’s was that enrolment to surveying
education dropped year by year on all of the thedecation levels. Surveying education
interested too few young people in the late 199@d many educational institutions had less
applicants than open posts. Shortage of students w®specially encountered with
cartographers. Figures 2 and 3 show the developofgipreferential) applicant numbers to
the Department of Surveying at the Helsinki Uniutgref Technology during the years 1996
to 2006.
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At the same time it was obvious that by the yedrO2@bout a half of the surveyors working
in the late 1990’s would retire offering plenty eacant situations. In this situation the
occupational organisations, educational institigiand biggest employers in the field awoke
to consider how this change of generation wouldnfg@emented successfully and how the
marketing and introduction of the surveying field gomprehensive and upper secondary
schools would be enhanced to make more and momegyoeople choose surveying as future

Technology)

profession.
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2. SURVEYING EDUCATION AT THE HELSINKI UNIVERSITY OF
TECHNOLOGY

2.1 The basic model for the master’s degree

In the degree structure for both the Bachelor's #me Master's Degree the courses are
composed into modules, which will form the largemponents of the degree: the basic
studies (i.e. the general scientific studies antega studies of the programme), the subject
studies, the major, and the minor. Figure 2 sholwasic model for a Master’s Degree, where
the student has taken the same major (A) for bonehBlachelor's and the Master’'s Degree.
The minor (B) also stays the same for both of tegrees. As previously, the student may,
however, choose his/her minor (i.e. the minor mesluB) from another department. The
special module may be used, e.g. for advanced msajdres and/or enhancing the ability for
applying scientific knowledge and post-graduatelists!

Bachelor's degree

|nte I= Bﬂcnfﬂ'ﬂr.s
- th nd
mediate n?::ll.:e semi?isaﬁ? 10¢r
module Eledive studics Master' s degree
Az 2{] cr B1 2':' cr V10 er
| ) =
3 > 2
- Elective = 2| Master’s thesis
sfiuales sz2 =8
module 029 D 30cr
General studies W 20 cr @ S
P 80 cr Al 20cr =
Advanced Intermediate Special
P’:&’;;"“E module module module
O 20 of A3 20cr B2 20cr C 20cr

Fig. 2: The Basic model for the Master’'s DegrethatHelsinki University of Technology.

The Bachelor’'s Degree in the Helsinki Universityl@ichnology consists of general scientific
studies of 80 ECTS points common to all, generadist of the programme (20 points), three
Subject Studies Modules (a’ 20 points), free-chatiedies (10 points) and the Bachelor's
Thesis (10 points). It is noteworthy that the pwgmf the Bachelor's Degree is not to
provide competence for working life but preparednés education leading to a higher
academic degree, continuous learning and applicatidhe acquired knowledge in working
life.

The higher degree would consist of free-choice istudvorth 20 points, 10 points of
scientific studies, three Subject Studies Modu&<20 points) and the Master's Thesis (30
points). The Subject Modules are of three stagethe Bachelor's Degree would include one
two-stage module and the Master’s Degree at lesstlree-stage module.
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2.2 The degree structure for the surveyors
In the Department of Surveying there are two Defegrammes:

1. Real Estate Economicswhich is divided into two options: a) Land Managnt and
Real Estate Law and b) Real Estate and Facilitiardgement.

2. Geomatics,which is divided into two options: a) Geoinforntgtiand b) Surveying
and Mapping Technology.

2.2.1 The degree of Bachelor of Science for the swyors

The degree of Bachelor of Science in TechnologyO (p®ints) at the Department of
Surveying thus presumes that the student normakegst the general scientific studies,
general studies, Basic Module (Al) and two Subjdotules (B1/A2) and the Bachelor’s
Thesis. The Bachelor's Degree shall also include-frthoice studies worth at least 10 points
(see Figure 2).

General scientific studies (80 points) include meathtics, information technology, courses
offering general preparedness for surveying studawuages and training in both of the
Programmes. In the Degree Programme of Geomatcstidule also includes physics, but
in the Degree Programme of Real Estate Economigsig will be substituted for basic
courses on Geoinformatics, Geodesy and Photogratypmetaddition, basic studies in the
Degree Programme of Real Estate Economics will aistude the basics of Urban and
Environmental Planning and Design.

General studies of the programme (20 points) inn&dms include, e.g., the basics of
Remote Sensing, Photography, Photogrammetry, GgaatesGeoinformatics and courses of
Real Estate Economics worth 10 points. The modiiReal Estate Economics will include
basic courses on Land Management, Economics ande3tde Law, Real Estate Valuation
and Real Estate Management.

Subject Studies, Basic Module Al (20 points) inEregyree Programme of Geomatics further
includes studies on Remote Sensing, Photographytoftammetry, Geodesy and

Geoinformatics, Geographic Data Management andSef8vare Engineering, and Theories
and Techniques in Geoinformatics. The Basic Modil®&®eal Estate Economics includes,
e.g., Science of Real Estate Economics and Calonldethods of Real Estate Economics,
and Planning and Building Law.

There are two Subject Modules B1/A2 (20 pointspath of the Degree Programmes. The
Subject Modules of a) Geodesy and Photogrammetiy,bg Geomatics in Geomatics, and
the Subject Modules of a) Land Management and Estdte Law, and b) Real Estate and
Facilities Management in Real Estate Economics.

The students may also freely choose a Basic Mo@ilg outside his/her Degree Programme
instead of one of the Subject Modules. For studeht&eomatics it may be, for example,
Real Estate Economics, Information Technology aading Technology, and for the students
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of Real Estate Economics it might be Surveying &mapping Technology, Structural
Engineering and Building Technology, Building Plegsor Urban Planning and Design.

2.2.2 The degree of Master of Science for the suga@'s

The degree of Master of Science in Technology atRepartment of Surveying presumes
that the student normally takes, in addition to tBachelor's Degree, at least one
Specialization Module (A3) and two Special Modul€®), free-choice studies worth 20
points, methodological studies (10 points) andMlaster’s Thesis (see Figures 3 and 4).

There are three Specialization Modules A3 (20 gpifar the Master’'s Degree in Geomatics:
1) Geodesy, 2) Photogrammetry and Remote Sensimd), 33 Geoinformatics. For the

Master's Degree in Real Estate Economics thereivemeSpecialization Modules: 1) Land

Management and Real Estate Law, and 2) Real EatateFacilities Management. If the

student has chosen the Basic Module Bl at the Barclséage, he/she may choose the
Advanced Module B2 at this stage for his/her sulgadies.

Special Modules C (20 points) are at the DepartnoénSurveying meant for advanced
studies after the Modules A3. Special Modules iiGatics are 1) Geodesy, 2) Positioning
and Navigation, 3) Photogrammetry, 4) Remote Sensih) Cartography and 6)
Geoinformatics. The Special Modules for Real Eskatenomics are 1) Land Management,
2) Real Estate Economics and Valuation 3) Econ@ndcReal Estate Law, 4) Environmental
Law and 5) Real Estate and Facilities Management.

SPECIALIZATION SPECIAL MODULES
MODULES

td

§ Geodesy A3 % Geodesy C (20 er) Idethodological

T — a

9'—2 (20er) N Positioning and studies (10 cr)

=4 Mavigation C (20 cr)

(/3]
= g Photogrammetry
| +
2 8 Photogrammetry C (20 or) : :
= 2 || Master’s Thesis
o @ and Remote : e
= 5 Sensing A3 (20 cr) Eemote Sensing

+
H C (20 ct)
&
Cart h

E- Geoinformatics R c 2r6grap Y _

=) AZ (20 cr) — (20 &) Free-cheice

3 ) Geoinformatics studies (20 cr)

C (20 ct)

Fig. 3: The Master’'s Degree in the Degree PrograrofrGeomatics at the Department of Surveying.
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SPECIALIZATION

MODULES
= SPECIAL MODULES
2 Land Management Land Management
E A3 (20 er) ™ C (20 cr) Ifethodological
S studies (10ct)
e 5 : N Eeal Estate Economics
o NGOt and Valuation C' (20 cr)
= B, and Feal Estate
3 % Law A2 (20 cr) _-h- Economic and Eeal Ifaster’s Thesis
L Estate Law C (20 cr) (30 ct)
b=
? Real Estate and N Environmental Law
% Facilities | [C @0 _
=3 Management — TEE-CHOICE
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Fig. 4: The Master’s Degree in the Degree Programihi®eal Estate Economics at the Department of
Surveying.

3. MARKETING OF SURVEYING EDUCATION
3.1The Imago Team

In 2001 the educational institutions in field, thiggest employers, and the occupational
organisations assembled to discuss what shoulaie h make the young ones in choice of
their profession consider surveying as studiesoaptihe discussions pointed out that the
educational institutions of surveying require afisidnt number of students in order to

maintain good student material and avoid futureolabshortage. In this competition for

students the image of the surveying field mustduend and truthful.

Imago Team was established in the spring of 200fomoting and marketing the various
educational levels of the surveying field in thenpwehensive schools and upper secondary
schools. The Imago Team is a voluntary cooperdioay formed by employers, educational
institutions, and employee organisations ideatipanning and implementing different
measures for improving the familiarity of the fielwbordinating the workings of the various
actors, and monitoring the development of the studsgtuation in different educational
institutions.

During its existence the Imago Team has, for ingaproduced a Surveying Info File and a
Surveyor CD. The Info File consists of brochuresd arontact information of every

educational institution in the field. The CD offdrasic information of the surveying studies.
The File and the CD are used as supplementary ialdi@r example when the students from
the Helsinki University of Technology and Polytemsngo to upper secondary schools to tell
about the surveying studies and when the surveyatdyis presented at other occasions, for
instance at the Helsinki University of Technolodnother example of the Imago Team’s

accomplishments is the participation in a campavgmch distributed the extra issue of the
Maankayttd magazine to all teachers of geographyhen upper secondary schools (see
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http://www.maankaytto.fi/arkisto/mk302.php). Thignepaign also opened up the possibility
of getting acquainted with the geographic informatmaterial to the students of the upper
secondary school through the Map Site of The Natidmnd Survey of Finland. Further,
with The National Land Survey of Finland the Imaggam has promoted the surveying field
and work opportunities in cooperation with the gad leisure organisations moving in the
terrain. For example, The Finnish Orienteering Agsmn is one of such partners. The
surveying field has been introduced to the youngsaat the orienteering camps arranged by
the association.

3.2The National Land Survey of Finland

The National Land Survey of Finland as the biggasployer in the field is devoting to
developing the image of their own and the surveyielgl by working actively in the Imago
Team. Further, at the result agreements betweenptbduction units and the central
administration The National Land Survey of Finlanas agreed that the local surveying
offices sponsor and participate in the briefingganised by the students of surveying in the
local educational institutions.

As regards The National Land Survey of Finlanddemand for new labour force is great in
the future to replace the ones retiring. This haslenthe organisation also spontaneously
market The National Land Survey of Finland to tloeinyg ones as a future employment. The
National Land Survey of Finland has systematicpliyplished various brochures informing
of the jobs and established Internet pages (wwwadappi.f) telling about the various
options of the surveying field to the young onethatr choice of career.

As the newest channel for familiarising the fieldeTNational Land Survey of Finland has
decided to establish Internet pages in cooperatitin the TAT Group during the year of
2007. These pages are directed to the teachemography and biology and the young ones
planning their studies. (TAT Group is a communmati consultancy and training
organisation owned by the Confederation of Findrgtustry and Employers, TT Trust and
Confederation of Finnish Industries). These Webepawill include, for example, video
presentations where experts in the surveying tielldabout the various jobs and students of
surveying tell about the contents of their studies.

3.3Helsinki University of Technology and the Polytechits

Helsinki University of Technology is the only sci#ic university in Finland where Masters
of Science (Tech.) in Surveying are graduated. Hewesince jobs in the surveying field are
available throughout Finland the Department of 8wivg aims at informing of its
educational supply nation-wide. This is accomplisloen the Web pages of the Helsinki
University of Technology and the Department of ®ymg, and, for example, by brochures
sent to all upper secondary schools. These broshworild describe the contents of the
Degree Programmes of Geomatics and Real EstateoBwos and give instructions on
applying for a student.

Annually in the autumn and spring the DepartmerBwiveying and the students arrange an
"open day’ together with the rest of the departrmemnt the Helsinki University of
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Technology. The department and the studies optavaspresented to those interested. In
addition to this, the students go to upper secgnsietnools around Finland and tell about the
studies at the Department of Surveying. These dimerketing events have proven very
successful. Some 20 to 40 events are annually gedaat upper secondary schools. The
Department of Surveying, The National Land Survé¥ialand, and the Imago Team have
promoted these events, for example, by particigatiovering the students’ travel expenses,
and producing the necessary demonstration material.

The Polytechnics also arrange similar briefinghte students at the upper secondary schools.
Since 2005 students from the Helsinki UniversityTechnology and the Polytechnics have
been working in co-operation and arranged joinhévat upper secondary schools.

4. CONCLUSION

The two-phase degree structure at the Helsinki &msity of Technology is related to the
commitment of Finland and some 40 other Europeamtces to the so-called Bologna
process. The goal of the process is to clarify lzaminonise the degree structures in European
universities and create an internationally competiacademic education area in Europe by
the year of 2010. The goal is achieved by standeglithe degree structures, by adopting a
uniform sizing system for the studies, by encourggthe mobility of the students,
researchers and other university personnel, byremhg the European co-operation related to
the grading of studies, and by diversifying intéio@al co-operation and networking between
various universities. The Helsinki University ofchmology will be also in future one of the
progressive Universities in Europe. Therefore tlegree reform is a great challenge and an
excellent opportunity for the University and foetbepartment of Surveying.

The surveying field in Finland is undoubtedly madstic making in the world of geographic
information. Further, some of the tasks are mad&enterrain, which is interesting to many
young people. The rate of employment will be veopd according to the prognoses and the
wage level is moderate. The surveying field is, beev, rather narrow as a whole, and its
problem is the fact that it is poorly known amohg tyoung ones planning their studies. In
this situation the actors in the field: the emplsyeducational institutions and occupational
organisations must work together and jointly platiceas and campaigns for encouraging the
young ones to apply for a student post. The sinastarts to look promising with the
contribution of the Imago Team. As a result of thisrk the familiarity of surveying has
increased among the young generation and the eanblto various educational institutions
has started to increase.
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SUMMARY

At the Czech Technical University in Prague, thexea long tradition of master degree
courses in geodesy, geodetic surveying and cagibgraFast development of information
technologies in recent decades affected the composif study plans and led to innovative
steps made in recent years. The paper summariedsistory of surveying education at the
CTU Prague and presents current structure of theysof both traditional Geodesy and
Cartography branch and newly installed Geoinforosativhere information technologies and
computer science are combined with a backgroungkotietic and cartographic know-how.
Harmonization of curricula, development of e-leaghiand necessity of attracting talented
students are the challenges and plans to be coedifte future.

1. GEOINFORMATICS AS A SCIENTIFIC AND STUDY BRANCH

Geoinformatics and/or geomatics are modern scierdiid therefore also study programs.
Their definition and content is understood by splsis in a different way. Geomatics was
defined in Canada in the 20th century and summastedying of a lot of specializations
mainly of natural and technical sciences focusedheir relation to the Earth. According to
ISO definition geomatics is a scientific and tedcahi interdisciplinary specialization
collecting, distributing, storing, analyzing, preseng, and presenting geographical data or
geographical information. Large range of specidlire are included and they can be applied
together to create detailed, understandable imagj@egohysical world and of our place on.
Geoinformatics is a European expression for in tflaetsame scientific branch even though it
is regarded more as applied informatics (especialthe Czech Republic) and thus focused
more on theoretical tasks or limited tasks of gEwmation than the practical general
interdisciplinary tool. A new study branch of Gdoimatics has been introduced as a new
option within a traditional study program Geodesy &artography at the Czech Technical
University in Prague.

2. SOME FACTS FROM THE HISTORY
When remembering the 300 years anniversary of geelCTechnical University in Prague, it

may be useful to summarize the history of the spudygramme Geodesy and Cartography at
the CTU and main milestones of its developmentitgatb current state of curricula.
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2.1Czech Technical High School (2-years specializedwezhtion)

The tradition of an independent study branch ofdgsy, geodetic surveying and cartography
at the CTU Prague is more than hundred years dlthefirst third of 18 century there were
large cadastral surveys done on the territory efldinds belonging to the Austrian-Hungarian
monarchy at that time. So called “stable cadadteaf been initiated by a strong interest of
the state to establish an effective system forectithn of land taxes and to cover the territory
with large scale maps. Later, the fast developroémtgriculture and industry in the second
half of the 18 century put new demands on both quality and qtyamti professional
cadastral measurements and map compilation. Therdfte government established a
surveying study at all the universities in the fermAustria-Hungary. At the Czech Technical
High School in Prague, a two-year curriculum forueating surveyors was started in
1896/1897 with the aim of providing a sufficientmioer of professionals for work in the land
registry of the state administration. Very sooremtipening the two-years study it was clear
that the content of study plans was not sufficiandl it did not correspond with the fast
technical development..

2.2 An independent Czechoslovakia — education in the @ege of Special Studies

The era of the Czech Technical University started920/1921, soon after the emergency of
an independent Czechoslovakia in 1918. With ireialh of a new structure of the CTU, the
two-years surveying study was involved in the Ggdleof Special Studies established in
1921. Even in 1927, the debate lasting severalsyearthe re-organisation of studies of
surveying was concluded and by law extended taiaghef three years.

After the Second World War, in 1946, the study wfveying engineering the CTU had been
enlarged to eight semesters which allowed deepethi@gknowledge of mathematical and
physical background and special geodetic and capbic disciplines. At that time, most of
the university institutes were concentrated to historical building at Husova street in the
Old Town, where many years ago the first lecturés\Willenberg’'s Estates school of
Engineering had started.

In 1950 the department of surveying engineerinfp@iCollege of Special studies was closed.
The surveying study itself was not interrupted, foutone year transferred to the Technical
University in Brno. In 1952 the entire College gie8ial Studies was closed and remaining
areas of study were transferred to other subjéasulty of Mathematics and Physics of the
Charles University and the College of Political-Bomic Sciences).

2.3Independent Faculty of Surveying ( 5-years study)

An independent Faculty of Surveying was established 953, with a surveying study
enlarged to 10 semesters. Beginning from tAstBdy year the students were divided into 3
specialisations: Geodesy, Technical land managerardt Cartography. Since 1954 the
possibility of a distant study had been offered elgnfor applicants from the surveying
practice enabling them to reach a specialized wsityeeducation. In 1960, three faculties of
the CTU — Civil engineering, Architecture and Swying engineering were joined together
into a new Faculty of Civil Engineering with corpesmding study branches.
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2.4 Faculty of Civil Engineering (4-years study)

All the branches of the Faculty of Civil Enginegyiwere moved to a new campus in Prague
6 Dejvice in 1978. According to a new Law on Unsigr education in 1980 the study of
surveying engineering was shortened to 4 yearsy spécial branch of remote sensing
continued with 5 years study. The era of long-tcoenmunist leadership of the country was
emphasized by installing the subjects of Marxismihesm in a group of the state exam
subjects and this situation lasted till the paditichanges in 1989/1990 and a new era of
building-up democratic principles in the societyedhning from 1990/1991 all the
specializations of the surveying study at the CTérenchanged back to 5 years. In 1994 the
last group of students of the distant form of symg study graduated.

2.5Changes in 90ties (5,5-years study)

During the 90ties, the study of geodesy and caafuiyy had been more and more influenced
by the developments in the field of computer sa@eaad information technologies, new
instruments for measurements and the tools for cgtture and processing. At the end of the
millennium, the study plans were adopted for doratif 11 semesters of engineering master
study specialized in five professional modules. §r@ving demand for a skilled staff for the
state institutions and private surveying firms tedhe conception of the three-years bachelor
study specialized in cadastre which was opened 994 to 1998.

2.6 Adopting the Bologna declaration, a new branch Geaformatics

Important structural changes corresponding withoBo&a declaration have been made by the
academic year 2003/2004 — the study of all the nraroghes at the Faculty has been divided
into a 4-year Bachelor degree followed by a 1,5-yddhe Master degree. It means that this
year, in September, we will have the first Bachgi@duates in Geodesy and Cartography at
the CTU Faculty of Civil Engineering. The fast digment of information technologies in
recent decades has led to the decision to prepaeeatudy program that combines applied
(geo)informatics with a background of geodetic @adographic know-how. A new study
branch of Geoinformatics within the study programGmodesy and Cartography has been
introduced since the academic year 2006/2007.

3. SURVEYING/GEOINFORMATICS STUDY AT THE CTU TODAY
3.1 Current structure of the study

At present, the Czech Technical University in Peagustructured into seven faculties while
the Faculty of Civil Engineering is the biggest amcerning both the number of students,
and the staff. The program Geodesy and Cartogregpbge four bachelor study programs at
the Faculty and it involves two 4-years study blesc Geodesy and cartography and
Geoinformatics. The same structure is defined her thaster degree program (1.5 years),
which may be followed by the doctoral program Gegydand Cartography (3 years). The
structure is presented on the Fig. 1.
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3.2 Students and Staff

The specific professional courses of the study r@ammgof Geodesy and Cartography at the
CTU are taught within four departments: Dept. ofv@ying and Land Consolidation, Dept.
of Advanced Geodesy, Dept. of Mapping and Cartdgyagmd Dept. of Engineering Geodesy
(approx. 55 teaching/research staff). Usually fi@drto120 students are enrolled in one study
year. For example in the year 2006/2007, almosst8@ents of Geodesy and Cartography
and 35 students of Geoinformatics have startedirtsteyear of the study, while the number
of accepted applicants for this year was 111 foodésy and Cartography and 48 for
Geoinformatics. The difference is represented lyséhwho were successful in entrance
exams but preferred to start at another univegsibgram. In recent years, there is an average
of approx. 7 defended Ph.D. theses within the datfivogram Geodesy and Cartography.

Czech Technical University in Prague

I
| [ | |

Architecture Civil Engineering Electrical Engineering Mechanical Engineering
Faculties
Transportation Sciences Biomedical Engineering Nuclear Sciences and Physical Eng.
Civil Engineering Geodesy and Architecture and Building Eng. Civil Engineering
Bachelor Cartography (E)
programs
4-years study branches: Geoc_)‘esy ang‘ Lanogapy;
Geoinformatics
|
Civil Engineering Geodesy and Architecture and Building Buildings and
Master Oz, E Cartography Eng. Environment
programs
1,5-years study branches: Geo@esy am;f CAILgranny
Geoinformatics
[
Doctoral ) . e
orograms 3 years: Geodesy and Cartography Civil Engineering

Fig. 1: The Structure of the CTU and study progamthe Faculty of Civil Engineering
3.3Curricula

Geodesy and Cartography

The bachelor study branch Geodesy and Cartogramtprimended for completion in 4
years) involves 240 credits in total, while the tn@mof credits for specific subject is derived
from the number of teaching hours per week withsagration of weight given according to
the importance/difficulty of the subject.

Scientia Est Potentia — Knowledge Is Power
FIG Commission 2 — Symposium
Czech Technical University, Prague, Czech Repubte,June, 2007

182



Razena Zimova, Lena Halounova, Al€gpek: Geodesy, Cartography and Geoinformaticsea€fU — history,
current developments and challenges

Within this traditional study branch the studerdsngnathematical and physical backgrounds
of geodesy and cartography as well as the pracfisarveying — the techniques of gathering
and processing measurements. Beginning from thet@dy year the students may choose
their specialization from one of five offered predeonal modules (Technical Geodesy,
Theoretical Geodesy, Mapping, Photogrammetry andd®e Sensing, Cartography and GIS,
Engineering Geodesy) or to compile an individuallemtion of courses for professional
orientation (individual module). The student hap&ss chosen optional courses in total for
16 credits. Current composition of the compulsdndg plan can be described as follows:
Specific professional courses 62 @gmputer Science, other eng. courses 10 Bepretical
background (Mathematics, Physics, Constructive Gaom?21 %, Languages, Humanities,
Law 7 %.

The Master degree curricula (recommended for 1d&syeinvolve the compulsory courses
(40 credits) in Advanced Geodesy, Geodetic Astron@nd Engineering Geodesy and a
wider range of selective courses in various speeaitdn (20 credits). The emphasis is given
to the master thesis (30 credits).

Geoinformatics

A new study branch has started in the academic 3@@6/2007. The bachelor study branch
of Geoinformatics (recommended for completion iyeérs) involves 240 credits in total.
Understanding Geoinformatics as a science thathegites the achievements of applied
informatics with knowledge of the principles of gesy and cartography, the conception of
this new study branch at the CTU Prague is orientetheoretical principles of geodesy and
various aspects of computers and information teldgmes. An intensive focus on the
theoretical background may attract more talentadesits who will be able to collaborate on
scientific software projects and issues. Geoinfditeastudy branch also offers a wide range
of optional subjects — the students have to chttws®ptional courses in total for 24 credits
and in fact they can build themselves a final dagan of the study. Composition of the
compulsory study plan is following: Specific prademal courses 65 %Computer Science,
Other Eng. 9 %, Theoretical background (Mathematirisysics, Constructive Geometry)
19 %, Languages, Humanities, Law 7 %.

The contents of Master degree curriculum (recomraéridr 1,5 years) is composed from the
compulsory courses (30 credits), optional coursegarious specialisation (30 credits) and
master thesis (30 credits). Substantial part of dtuely will be organized in projects on
various topics integrating computer and informatiechnologies with professional issues of
geodesy, GIS, remote sensing, etc.

4. SURVEYING AND GEOINFORMATICS EDUCATION IN THE CR

When seeking for education in geoinformatics ata@agniversities, in principle we can find

it connected with two professional specialisatiotise first oriented towards geodesy,
surveying and cartography and the second involvigdirwgeographical and environmental

sciences. At present, special study branches ord€sgoand Cartography, Geomatics or
Geoinformatics are offered by 10 universities i@ @R listed in the Tab.1.
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Nevertheless, individual courses oriented on practiand theoretical aspects of
geoinformatics or simply GIS are introduced in muchre various other study programs
dealing with geography, spatial planning, archiest agriculture, environmental science,
water and forest engineering, risk management, ao@s, etc. The study published five
years ago (Halounova and Zimova, 2002) identifieatemthan 50 study programmes with
subjects of GIS topic at 15 universities in the @il these numbers have certainly grown
since that time. More details about some of the@emity programs from Tab.1 are presented
in some other papers of the proceedings.

University Orientation of study | Study branches conected with

Brno University of Technology technical Surveyil@godesy, Cartography
Charles University Prague geographical Geographytography

Czech Technical University in Prague technical/théoal Surveying, Geodesy, Cartography
Masaryk University Brno geographical Geography

Mendel Univ. of Agriculture and Forestryl  technical Forestry and Wood Technology
Palacky University Olomouc geographical Geography

University of Defence Brno technical/military Suyweg, Geodesy, Cartography
University of Ostrava geographical Geography

University of West Bohemia Pl#e technical Surveying, Cartography, Mathematigs
VSB — Technical University Ostrava technical/theioed Surveying, Geodesy and Cartography

Tab.1. Universities in the CR offering a specializstudy in Geodesy/Surveying/Cartography,
Geoinformatics or Geomatics

5. CTU — PLANS AND CHALLENGES FOR THE FUTURE
5.1The curricula

The idea of full harmonization of the first yeartbé program Geodesy and Cartography with
the new Geoinformatics study plan is currently urteparation. For the first study year, all
the suggested changes have been approved andgfaotn academic year 2007/2008 both
plans are going to be harmonized (with the onlyegtion of education in technical geodesy).
In the second study year the number of common stgbjs limited and the curricula are
going to diverge. It is clear that the curricula thle traditional branch Geodesy and
Cartography and the branch Geoinformatics will heovee modified in the future according
to gained experience and reached development. ¥epdhn to open master degree study
branch of Geoinformatics in English from 2008.

5.2E-learning

The number of students enrolled in our study prnogfaardly allows a really individual
approach. Therefore the method of e-learning isenard more going to be not only an
interesting alternative for the classical univgrséaching process but just a must for us. In
our traditionally conservative academic societyalbtolleagues are still aware of this fact.
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5.3 Attracting students

Compared to university programs (humanities, lasgnemics, etc.), technical universities
usually face the problem of attracting larger nundfeexcellent and very good students. This
is certainly the problem of the CTU Faculty of Cingineering and surveying education,
too. In our specialization it may be connected alith the fact that graduates in traditional
surveying are often underpaid on our labour market.

The students of the Geodesy and Cartography progmame generally from two main

sources. The first one is a secondary school dpstian practical surveying — the applicants
have already got a good knowledge in the professiskills nevertheless for some of them
the background theoretical subjects (as mathemaipts/sics, adjustment calculus,
informatics) play a role of an input filter.

Another major part of the students come from gdrseondary schools where the education
process is understood in fact as a preparationrfimersity studies. But the quality of various

secondary schools may be quite different. As foloinom the statistics recorded at our
faculty the average quality of our students hakerasignificantly during recent years. We

believe that the way of offering more courses oformation technologies and related

branches like GIS and geoinformatics, i.e. theigises being in force on the labour market
at present, can more successfully address theargitefjvery good and talented students.

5.4 Structured study for mobility of students

According to the Bologna process, we should algotdr attract bachelors from other
universities to our master degree programs. Heréawg a technical problem stemming from
the fact that our bachelor program is one year dorigan it is usual at the other Czech
universities. The original idea of 4-years bachg@argram was connected with the demand
of necessary education of civil engineers as a itiondfor European acceptance of
professional education. Our former plans were tepare our geodesy and Cartography
bachelors fully for the work in the cadastre andsupposed that the bachelor degree would
be acceptable for granting an official engineeraughorization in cadastral surveying, but
this was not approved in negotiations with the @z€dfice for Surveying, Mapping and
Cadastre.

For the future we discuss an option of opening rallgh 2,5-year master program for the
graduates from 3- years bachelor programs fronr athieersities. This situation is similar in
all the study programs of the CTU Faculty of Cizihgineering and the decisive conception
will have to be approved by the university scieatfoard.
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Where May Geospatial Education at Czech Universitie Head in the
Future?
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SUMMARY

Information on location of objects in the spacepbeto manage real-world problems.
Contemporary geospatial technologies (especialhggohic information systems and image
processing systems) provide users with tools tretanstantly being refined and becoming
ever more complicated. Reduced direct tuition amdeased individual study by students
themselves becomes general trend. The author pseBEnexperience in GIS and remote
sensing teaching at the Department of Geoinformafticechnologies at the Mendel
University, Brno, and gives his views on the pogsdirections that future development may
take.

1. INTRODUCTION

Contemporary information and communication techgig® develop very rapidly, not only in
theory but also in practice. Geographic informatgystems (GIS) are a typical example.
They provide not only information on location ofjetts in the space and on their attributes,
but they can also answers various geospatial quesstanalyze large data files and offer a
support in decision processes. GIS training heipdents develop computer literacy, critical
thinking, analytical approaches to problem solviagd communication and presentation
skills. GIS also help people to understand and &mage real-world problems using data
processing and analysis. Furthermore, digital msiog of remotely sensed data enables
users to maintain geospatial information up-to-dateuniversities, it is sometimes difficult
to keep up with all the progress in a geospatiataio.

2. HISTORY OF GEOSPATIAL EDUCATION AT FACULTY OF FORES TRY AND
WOOD TECHNOLOGY OF MENDEL UNIVERSITY BRNO

In 1990, when | started working for the Departmeh&urveying at the Faculty of Forestry,
Mendel University Brno, the only course includedle Forest Engineering curriculum was
Surveying (2 semesters in the second year of stidyt) included also several lectures in
Photogrammetry.

As foresters (not excepting university teachers)ganerally quite conservative people, new
ideas, new geospatial concepts and new coursesgohde introduced gradually. In the
academic year 1990/1991 lectures in Remote SensgiBge incorporated into the
Photogrammetry block of the Surveying course. 18119992, Remote Sensing becomes an
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optional course. In 1992/1993, the course RemotasiBg involved several Geographic
information systems (GIS) lectures. In 1995/1996 Gécome an independent one-semestral
compulsory course. Reflecting changes in the auiui, first proposal to include
geoinformatics or geomatics in the name of the Cepent was offered to the Dean of the
Faculty in 1994. Nevertheless, 13 years elapsedrddhe proposal was realised and the
Department of Surveying (founded 1921) became thlepalment of Geoinformation
Technologies (since January 2005).

At the beginning of teaching the geospatial digiiata processing, practical computer
laboratory exercises in Remote Sensing and GIS wesbzed at computer labs of the
Department of Computing Technology; later at 10-¢&las of the Department of Forestry
and Wood Economics, where students worked in p&airs2000/2001, owing to a grant
received from the Fond of Higher Education Develepm(of Ministry of Education), 11
computers were bought and an old exercise classafaime Department of Surveying has
been rebuilt into a modern computer laboratory2®3/2004, new grant from the Fond of
Higher Education Development enabled to increasdah capacity to 20-seats and to buy a
set of 5 Trimble Pathfinder Pocket/Reckon GPSatatiand a Trimble GeoXT GPS station
for field works.

Bologna process has started at the Faculty in 2002, in 2004/2005 new bachelors in
Forestry and in Landscaping graduated. Since thecdampulsory GIS course is being taught
at a Bachelor level, and approximately 250 studpetsyear are enrolled. Optional courses at
the Bachelor level include Remote Sensing FundaasgenDigital Terrain Models, Digital
Photogrammetry and Visualisation, Digital Cartodmap(ArcGIS), Digital Cartography
(Topol) and GIS Fundamentals (in English, for fgreBocrates students).

At a Master level, in Landscape Engineering stushgmam (Integrated Landscape Utilization
branch) compulsory courses Remote Sensing andrétéeGIS Utilization are being taught.
Students can complement their curricula by opti@oakses mentioned above.

At a Doctoral level, students have had the possibiio study geoinformatics as a
specialization in a framework of the “Forest mamaget” study since 1996. Nevertheles, as
a component part of this study was the “Forest mament” exam, only few interested
students from other faculties or universities cdoddpractically enrolled. To overcome this
issue, a new doctoral study program “Applied Gemimfatics” has been proposed to the
Ministry of Education and it has been accreditext&i2007. Students can focus on the use of
geoinformatics in forestry, in agriculture, in ecomics and in territorial and regional decision
support.

3. COMMERCIAL, NON-COMMERCIAL AND OPEN-SOURCE/FREE
SOFTWARE FOR GIS AND REMOTE SENSING

The user of GIS and image processing software dhoakter the use of many tools to make
the best of such systems. GIS and remote sensauhitey at universities must therefore
include practical exercises in computer laborasor&WV (SW) for this training can be divided
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into three groups, differentiated by their datacessing abilities, but mostly by price (more
about price later). In this context, we can refercommercial, non-commercial and open-
source/free SW. | consider as commercial SW thetteiated mainly for profit and whose user
has no way of examining the source code. A SWithaot created primarily for profit, but
again one where the user generally cannot exarhimesdurce code, can be considered as
non-commercial. Open-source/free SW is SW wheresthece code is available, the user
can get particular products for free and the pddsilexists to develop them further.

3.1 Commercial Software

3.1.1 GIS Software

A typical representative of this group is a vedoented American system ArcGIS, produced
by the Environmental Systems Research InstituteRIEfLaura and Jack Dangermond
established the ESRI at Redlands, California, i89109 The oldest version of this SW,

Arc/Info for mini-computers has been launched i82;9PC Arc/Info has been launched in
1986. Since then this SW has been enriched withyrt@wls for spatial data processing and
ArcGIS desktop represents today a complex andriated system of GIS products. There is
a wide selection of literature on the product, eegge ESRI (1999, 2005, 2007a) and web
information not only in English (ESRI 2007b) bus@lin Czech (ArcData 2007a) and other
languages. The Czech company, ArcData, which biges ArcGIS in the Czech Republic,

offers users a library of technical publicationgsdBata 2007b).

Several extensions of ArcGIS desktop, e.g. ArcGpatial Analyst, ArcGIS 3D Analyst,
ArcGIS Network Analyst, ArcGIS Business Analyst anbe analytical possibilities of this
SW. Web services are provided by ArcGIS servers/AamtPad can be used for field work.
For basic practical exercises in a computer labth Wb-20 seats products ArcView or
ArcEditor can be used, offering students a varétipols for creating, editing and analysis of
geospatial data.

Although ArcView represents a basic version of AneGIS product, the system is rather too
complicated for an inexpert user. If you want torkveuccessfully, you need to use the
interface of three applications. ArcMap enables ®a@ifing and analysis, ArcCatalog enables
data management and ArcToolboxes provide transtowmastatistical and other tools. In

addition, it is possible to use a graphic interfadedelBuilder, for constructing geospatial

models. Its complexity may be intentional on thet pé its makers, as without professional
training few users can use the system effectivehe professional training often needed is
not cheap, either — in Czech Republic, where trerage monthly wages is approximately
21000 CZK (Czech crowns), a two-day basic traintogrse for ArcGIS v. 9 costs about
10700 CZK. For those who are interested, coursesofiered by ESRI Virtual Campus

(ESRI 2007c). While you generally have to pay, sanefree.

In the Czech Republic, one of the strengths of A&(S that it is widely used by government
and other official agencies. According to the Artb&ompany (Melounova 2006), ArcGIS
is the leading GIS in the Czech Republic. Frompgbet of view of a student or a private
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user, its price constitutes a drawback (see Chdptéable 1), as only a few such people can
afford to buy ArcView or ArcEditor (not to mentidkrcinfo) with the necessary extensions.

3.1.2 Software for Remote Sensing

Similar situation mentioned in GIS software subgptka exists also in offer of remotely
sensed data processing programs.

Main commercial products usually available at msédtat labs of universities are represented
by a software package Erdas Imagine Professiortalo®.an American company Leica
Geosystems Geospatial Imaging and a software packagpmatica 10 of a Canadian
company PCIl Geomatics. Both these systems aresustgble for teaching and research of
remotely sensed data processing. (Students of epaiment use the networked version of
Geomatica 10.) Erdas has a better integration B&8RI product, while Geomatica disposes
the best set of raster analytic operations.

Less common at Universities (because of price), \umry powerful software for image
classification is Definiens Professional/eCognitioproduced by a German company
Definiens. This software does not classify singbeels, but first segments the image into
spectrally homogenous objects. With multi-resolutionage segmentation providing a
hierarchical network of image objects, users getudti-scale, real-world view. Additional
information that can be derived from image objeetg, shape, texture, area, context may be
used for classification. Knowledge-based clasdifica of eCognition enables the user to
formulate concepts and knowledge about the relewar@ge content and to use this
knowledge to process contextual information. Thewedge base is created by means of
inheritance mechanisms, concepts and methods oy flogic, and semantic modeling. This
way eCognition can recognize some characteristies are typical for a human visual
inspection. Both Erdas and Geomatica well coopevateeCognition.

3.2Non-commercial Software

A typical representative of this group is a rasteented American SW for GIS and image
processing called Idrisi. (Abu Abd Allah Muhammdddxisi, 1100-1166, was an important
Muslim geographer.) Idrisi SW has since 1987 beewvelbped at Clark Laboratories for
Cartographic Technology and Geographic AnalysisaffClLabs) at Clark University,
Worcester, Massachusetts, USA (Clark Labs 2007&g man mainly responsible for
developing and making Idrisi is Prof. Ronald Eastr{ieastman 2006a). Idrisi was developed
from the beginning as a not-for profit SW and il the system did not have any license
protection. It therefore spread quite quickly amuine world and today it has users in more
than 175 countries — at universities and amongepsibnals in a wide range of industries.
Environmental managers and researchers thus beoééiyy from an unsurpassed range of
geospatial tools. For these reasons Idrisi belomgise mostly expanded raster GIS.

Tutorials have also been developed for the Idnigjget. The SW is distributed with a set of
data and exercises that familiarize users with ri@st important ways of image data
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processing and with GIS fundamentals (Eastman 2006bcooperation with UNITAR
(United Nations Institute for Training and ResearCitark Labs edit thematic workbooks
(Clark Labs 2007b) that acquaint user with particanalytical techniques and provide real
digital data sets for use as practical exerciseswall as a network of resellers the Idrisi
project has established a network of Idrisi Resesi€enters (Clark Labs 2007c¢) which give
information to the public, provide training coursesganize user meetings and support the
system at a regional level.

Idrisi is quite a strong analytical tool. The basienu enables access to more than 250
modules for the analysis and display of digitalgpedial data. Command are simpler than in
ArcGIS, as the user controls all the modules fromirgyle interface and does not need
additional extensions.

In its latest 18 version the software includes also innovative foollandscape modeling —
Land Change Modeler for Ecological Sustainabilifyhis facility can be effectively applied
for land cover change assessment, change prediassaessment of its impacts on habitat and
biodiversity, and also for the exploration of pladrinterventions.

The great advantage of Idrisi is that, besidesdhaihigh-power GIS, it also allows remotely
sensed data processing and analysis. Accordinglaik Cabs web pages, ,ldrisi Andes*
offers the most extensive set of GIS and Image é3ing tools in the industry in a single,
affordable package and contains the most extepsilatte of image data classifiers. Some of
them belong to automated machine learning procedarel integrated neural network
solutions. These approaches do not depend upaictigstassumptions about the underlying
character of class distributions and are capabléeariing complex patterns with limited
data.

In our country Idrisi is widely used for teachingdaresearch at universities, but seldom in a
professional practice. The price of Idrisi is comgide to ArcGIS; see Chapter 4, Table 1.
Nevertheless, if we consider that Idrisi is a cagtglGIS software package containing also
tools for remotely sensed image data processingaalysis, and if we keep in mind that the
user working with ArcGIS usually needs also sevexdénsions, the Idrisi seems, according
to price, more available to students and privagFus

3.30pen-Source/Free software

The main representative of this group is a hybrakter/vector) GIS GRASS. GRASS
(Geographic Resources Analysis Support System) b developed since 1982 for
American Army needs. Several federal agencies, eusities and private companies
participated on the making.

The main maker of the system, the Construction iigeging Research Laboratory (CERL) of
the American Army finished GRASS version 4.1 in 298nd till 1995 produced five
upgrades. CERL also created a kernel of the systenaersion 5. Up to this version the
GRASS has been raster oriented, since versiordhitbe considered a hybrid system. In the
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end of eighties of last century, CERL gave the detepsoftware package including source
codes to public disposition. GRASS runs nativeldemGNU/Linux operation system, but it
can work also under UNIX, Mac OSX, MS-Windows arldew platforms.

In 1999, Markus Neteler (University of Hanover, @any) and Bruce Byars (Baylor

University, Texas, USA) established a GRASS Devwelept Team, which coordinates

activities related to GRASS development and reseatcan international level. The basic
user interface still remains command-oriented, ibig also possible to use a graphic user
interface (GUI) independent of a platform.

As GRASS is open-source/free SW published under Gbéderal Public License (GNU
2007), its users are not limited by price and tfegpam is readily accessible to students and
private users. This is its indisputable advantagejpensating to a certain extent for some of
its disadvantages, but mainly for the fact that gh@mpt control is less than ideal and data
editing more complicated. (It is understandablet tbeammercial companies, with their
coordinated teams of programmers, can work oniageatell-functioning and cohesive tools
better than a group of individuals operating via ithternet.)

GRASS SW, like Idrisi, provides not only GIS todisit also a complete set of operations for
processing satellite images and aerial photogragételer and Mitasova (2004) published a
useful and detailed textbook on GRASS. There is alsery good user support for GRASS
on the internet, e.g. GRASS (2007a, 2007b), alg0zieach language (GRASSwikiCZ 2007).
Internet tutorial for version 4.0 can be found dRASS (2006). Landa (2005) has produced a
set of GRASS exercises in the Czech language.

The main advantage of GRASS consists in fact th& an open-source/free SW easily
available and that its user community grows rapiBiyt, in spite of all this, GRASS is little
used by commercial and administrative organizati(ussially it is utilized only at places
where are GRASS enthusiasts). This constitutemthia disadvantage of GRASS, at least in
the Czech Republic.

Quantum GIS, QGIS (QGIS 2007) is another open-sdfiee GIS SW distributed and
supported via the internet. Like GRASS, QGIS rund.mux, Windows and other platforms
and can work with vector, raster and database fistn@@mmercial support and training are
available, e.g. from Hanover-based GesellschafDaienanalyse und Fernerkundung (GDF).
A similar service is offered by the HUGIS CompanyZurich, Switzerland. QGIS tutorials
can be also found on the internet, cf. Sutton (2@ others.

For remotely sensed data processing, MultiSpec epam-source/free multispectral image
data analysis system can be used. MultiSpec iglgneloped at Purdue University, West
Lafayette, Indiana, by David Landgrebe and LarrghBifrom the School of Electrical and
Computer Engineering. MutliSpec capabilities previd state-of-the-art competence to
analyze moderate and high dimensional multispedatd sets of practical size. All versions
are available via the internet (Multispec 2007ajpng@ with substantial additional

documentation listing its capabilities in more dedad providing tutorial exercises in its use.
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MultiSpec tutorials/exercises (MultiSpec 2007b) poise display and inspection of image
data, image enhancement, unsupervised classificafduster analysis), supervised
classification, combining separate image files iatsingle multispectral image file, overlay
ArcGIS shape files on image windows.

4. PRICE RELATIONS
Prices of the SW packages that | have mentiondd (fa the Czech Republic in 2006) are

given at Table 1. All prices are based on produdesisprices and invoices that | have
received during the summer and autumn of 2006.

Table 1. Price of SW packages for GIS and Remote Sensing

ArcGIS (ESRI)

ArcView 9 concurrent use Lab Kit Pak (25 seats) OFL 2urther support $300
ArcEditor 9 concurrent use Lab Kit Pak (25 seats) 30w, further support $600
ArcGIS Spatial Analyst Lab Kit Pak (25 seats) $eother support $50
ArcGIS 3D Analyst Lab Kit Pak (25 seats) $600, liert support $50
ArcGIS Geostatistical Analyst Lab Kit Pak (25 s¢ats $600, further support $50
ArcGIS Network Analyst Lab Kit Pak (25 seats) $6fi0ther support $50
ArcGIS Survey Analyst Lab Kit Pak (25 seats) $60@her support $50
Stereo Analyst a Image Analysis Lab Kit (25 seats) $1725, further support $225
ArcView 9 single use $300, further support $300
ArcGIS Spatial Analyst single use $600, furthermanp $50
ArcGIS 3D Analyst single use $600, further supi$a®

Erdas (Leica Geosystems)
Erdas Imagine Professional 9.0 (20 seats univdisdpse) $13365

Geomatica (PCl Geomatics)
Geomatica 10 Total Educational Suite (20 seatssindle $11565
license)

eCognition (Definiens)

Definiens Professional 5.0 (single educationalnigs €3450

Idrisi (Clark Labs)

Idrisi Student Lab Kit (15 seats) $2750.00
Idrisi Campus License $6500.00
Idrisi Campus Maintenance License $3250.00
Idrisi Single Seat Academic License $675.00
Idrisi Single Seat Student License $295.00
Idrisi Student Starter $95.00
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GRASS, QGIS, MultiSpec (Open-Source/Free SW)

Price unimportant. Binary codes enabling SW inatah and source codes enabling SW
modification can be freely downloaded from partgubddresses, e.bttp://grass.itc.it/for
GRASS, http://ggis.org/for QGIS andhttp://cobweb.ecn.purdue.edu/~biehl/MultiSpdor
Multispec.

5. CONCLUSION: WHERE MAY GEOSPATIAL EDUCATION AT CZECH
UNIVERSITIES HEAD IN THE FUTURE

Reduced direct tuition and increased individuatigty students themselves becomes
general trend not only at the Mendel UniversityAgficulture and Forestry, Brno, but at
many other universities in our country. This pracie®vitably requires more individual work
by students.

Consequently, if we want to set our students imlligl GIS projects, we have to understand
that at a minimum one or other of the following teanditions is met:

» Students must have satisfactory access to necessaputer equipment, including

specific SW, so that opportunities for individuabnk are not limited. Currently such
opportunities, at least at most Czech universities.generally not possible.

* Cheap SW or free SW (freeware) must be availabkudents to enable them to process
given tasks/problems, not only at university worlaces, but also at home on private
computers.

At the Department of Geoinformation Technologieshef Mendel University, we presently
use for basic laboratory GIS exercises SW packafjals three above-mentioned groups, i.e.
ArcGIS, Idrisi and GRASS. Tutorial material (Zidekal. 2005) and the Department's web
pages (DGI 2007) provide necessary educationalstidp remote sensing lab practicals,
programs Idrisi, Geomatica, GRASS and MultiSpecumse.

For individual projects, aimed at demonstrating fsbwdents deal with given problems, we
lack the necessary computer lab capacity, altheeghkral university labs can be made
available for specific purpose. It is clear thaweg these conditions, such projects are
impossible without homework of some extent. But ltam a student work at home, when he
or she has a computer, but not the necessary SW?

From all this it follows that if we want studentsgroduce meaningful individual project

work and if we want to convince them that they akso later put to effective practical use
what they have learned during their study, we neeagive much more attention to GRASS
and other open-source/free SW. | believe that regtensive use of the open-source/free SW
is the way forward, and that this will happen beftang- and not only in a geoinformation
domain. For example, free office suite (Open Of26€7), compatible with all other major
office suites, is free to download, use, and diste. | am deeply convinced that practical
education at our universities should as soon asilplegeflect this existing trend.
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