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ABSTRACT

Information tochoology is a tapldly changing fileld and its innovative ideas and

accomplishments will affect

cystems.
decade, the development
ghows that we tend te

the design
In order to make some predictions about G1§ technology within the next

of new technolopy wust first be agsessed. The analysis
underestimate the development of new computer havdware.

and use

of future spacial informacion

Oon the other hend, our expectations abour impreved software systems are higher

_than what industry can deliver.

The dmportant problems lie with
technology and to ddentify new
possible

analysis we try to take

the adaptation
ways of using thewm early. We elaborate on some
changes for GIS itself and draw some conclusions For its use, Im this

inte account the differences in access to technology

.

of orpanizations to this new

between highly developed nactions and developlng cauntries, sveh as Brazil.

The real challenge
technologye. Ic 1is
informacion users need.
presented ‘to users 60 that
neCcasary.

parcdicularly

1. INTIRGDUCTION

Geopraphic information systews (GIS) are
an innovative tcchnolopy. They allow users to
organize tasks 1n an d1nmovative form and to
.solve new problems. GIS relles on the rapid
development of moedern technology. At the sane
time, GIS rtechnology itself moves aliead.

. GIS is an extremely uscful cechnology.
td application ranges from cadastral systems
to resource management, Particularly, in South
America with vast areas yet to he developed,
GIS may be used as an instrument to achieve
rational use of land. In times when management
and use of land is becoming more and more
important, humans uneed appropriate tools to
handle spatial data about thelr enviroument.
GIS as 1is used as an instrument co assist
hwmans 1in  difficult decisions about land
development, planing, etc, Frequently,
decisions have ‘to be.made quickly and reliable
and accurate informarion is needed.
Traditiconal manval methods ro produce and use
spatial iInformation cannot cope with the
rapidly changing environment and the large
smounts of data we are collecting, e.g., by
remote sensing, With the advent of
computerized information systems, new
dimensions have been opened, such as
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ig how to make most effective and efficient use of this new
difficult to
The key question is how should spatial information be
they can best exploit it

understand which kind of

and what quality 1is

— the integration of information from a large
variety of sources,

~ access to  spatial dInformation for a

multitude of users, and

- consistent updates so that data collections
can be reasonably kept up-to-date.

Spatial data handling has become an area
of general interest. Most national agencies
run ene or the other GIS to understand and
guide che rapid development and changes of our
society. The impacr of systems, helping humans
to analyze peographic data, d4s important for
individuals as well as the wheole socletys
Wwichin the.last decade, GIS has matured from a

nlce didea to an entire d1ndustry. Some
indicators for this development which cakes
place in che market, companies, academia, and

the professions:

A great number of system installations has
baen reported,

1

~ Sales fipures of GIS-producing companies

have risen.

- A growlng number of reglonal, national, and
international conferences focusing on GIs



applicatlions, some on advancements and rhe
theoretical foundation of GIS.

~ An dncreasing number of  professional
journals publishing artieles on spatial
-lnformation systems, some even adopting the
term GIS or LIS into their tirles.,

of disciplines ._ geography,
computer science ..

= A multitude
engineering, forestry,
emphasizing GIS aspects.

- Several universities pfferimg courses in
GIS and a boost of students' Interests iIn

GIS5.

— TFinally, national GIS research eenters have
been established, e.g., 1In U.S. and in
England.

Obviously, the development of GIS has
reached a significanc turning poinc. In this
paper, we atrtempt to predict changes in GIS
technology — or at least tendencies ___ within
the next decade, After a short overview of our
view of GIS and the related terminoclogy, we
assegs the past development of hardware,
goftware, data, and Instituticns involved in
spatial data processing. Our predictions of
future GIS technologies are split into
quantitative and qualitarive changes. Their
impact on prospective users is discussed form
three different perspectives: data gqualicy,
uger . Interfaces, and cost-benefit analysils of
GI5. VWe cloge with a summary of ouc
predictions and stress the necessity to
thoroughly understand cthe society's needs for
GIS and how GI3 1s used,

2. GIS5, LIS, AND SPATIAL INFORMATION SYSTEHS

2,1. The NHotions of GIS, LIS, and Spatial
Informacion Systems
Spetial iInformation systems (SIS) are

ugsed here as a general term describing a
sygtem for the storage and management of
spatial information, A spatlal informarion
system can contain a variety of spatial data
and be used for a multitude of applications.
While other (conventional) informaticn
systems, such as office information systems,
deal with business data, the data represented
in a spatial information system are closely
tied to some location din space. The software
system must then provide the appropriate
methods te  analyze and manipulate these
apatial data, :

Geographic Information systems
land information systems (LIS), and automated
mapping and facility managewent (AM/FM) can be
geen as  subgroups of spatial information
systems  sultable for apecific spatcial
applications, LIS 18 most commonly associated
with legal information about ounership of
land, records of deeds, and multi-purpose
cadastres, while AM/FM systems are rtailored

(GIS),
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for mapping and managing the infrastructfure of
public wtility cowpanies, such as utility or
phone nets, GIS is a frequently used term for
swall-scale  systems covering a larger
geographic area. They are most ofcten used for

planning and resource management, while LIS
and - AM/FM are primarily uged for
administrative tasks.

In all cases che major goal of the
information system 48 to maintain a ser of

spatial information such that they can be used

for decision making In different situations
and by different organizarions. One tries to
conneck systems together and link thelr
informdtion to gain insight dinto tha complex
spatial reality and hence Improve the .
decisions one makes.

2.2, Components of a Spatial Information

System

A sparial information system consists of
four major parts. In order to nrediet future
developments, it 18 beneficial to examine tha

development of each as well as thelr roles
within a GIS. The four major parts of a
spatial Information system are: .

- the {ostitucion . people, their maﬁagement
organization and methods using the
information system;

- data descrihiﬁg some -part of reality and
stored in the information system;

— programs to manage data aund derive- the
desired information; and

— computer hardware to store, process, and
represent data.

The order of the components 1s worth
noting. tieginning with the organization and the
people who actually use the system and ending
with the tools necessary to produce the
desired information.

3. TECINOLOGICAL (R)EVOLUTION
3.1. lardware

New hardware 15 beilng produced at a high
speed, The trends commonly  observed and
agreed-upon are: CPU speed doubles every year,
memory capacity ... both primary and secondary
— grows at a similar pace; at the same time,
the physical slze of a whole system shrinks. -
Eipght years ago, computers uneeded dedicated,
alr-conditioned computer centers with
speeilalist staff. Nowadays, everybody can have
them sitting on an office desk, and they are

about 10 times faster. Currently, there are
neither physical nor practical d1ndicatcions
that the climax of this development has been
reached,



The availabdlicy of mnew  hardware
technology 18 clearly first In the producing
_countries, primarily rthe US54 and then
penetratee to  other markets. From ~ the

announcements of a ne. product to its use by a
smell, advanced user group more than a year
way pass. It may take up to two or three years
until a product penetrates the U,5. market and
not much longer to reach other countries.

One Eshould note that not everything
pentioned in a trade journal dis actually
available., Mew products are often quite
incompletely developed and very expensive to
uge —. In terms of time and effort, Usually,
it 48 beneficial to stay with the lknown and

tested product and not to switch to new

verslong offering only minor improvements.

3.2, Softuare

development 1s expensive and
time consuming. Unlike the development of new
hardware, the production of complex software
systems 1s still a major problem. Recognizing

Software

the pgrowing gap between  improvements in
hardware and software during the last decade,
the problems of the current gsoftware crisis

widely discussed. Costs of softwarc
systems have dramatically grown., & study of
software systems produced for the Department
of Defence (DoD) in the USA revealed that only
107 of the software systems could be used as
dalivered, and over 50% were mever used at all
even after costly revisions.

have been

e 1
for such

What are the reasons pont
"performance"? Campared with hardware
developments, innovarive accomplishments for

goftware engineering have been tare and most

of the concepts and ideas used today are quirte

dated: -

—~ The programming languages currently used in
industry, such as COBOL and FORTWAN, are
almost 35 years old., The popular “new'
languages, such as Pascel and €, have been
‘around for 20 years and are slowly taking
over, ADA, developed as the language of the
future 10 years ago, has found litcle
popularicy outside of Dol contractors.

‘operating
for

observation with
of the cthe wmotivation
cryptic short ‘commands of  UHIX, the
Yiaptest" standard, has been to reduce
typing when slow teletypes were the common
character input device, a -

- A similar
‘gystems: one

guch .parallel
yet ready for

.= TInnovative ideas, as
programming, ore not
commercial programming, despite tremendous
research effores, The  hardware is
available, bur the necessary software tools

to exploit the innovations are missing.

of hardware
enginecering

Compared
development,

wvith the progress
today's Esoftware
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gystems are antiguated. They  result i
programs which are "almost" complete and wil:
appear "REAL SODN ROW." When finnlly receivec
. after much delay . they will lack a usabl
mznual, and have many "bups."

During demonetrations, these systems loo
perfect and prospective users hope that the
perform exactly the jobs they expect f£fro
them, Impressed by hardware performance an
nice pictures presented on the screens, we d
not see the actual problems with using thes
systems. 1t 1Is genarally assumed tha
.customizations and modifications should b
simple and quick. Unfortunately, it dis th
opposite and we tend to be too optimistd
about hov easily adaptions cau be made or ths
vendors will come out with new versior
_aolving all the problems, They will not.

3.3. Data

The economic 1ife cycle of hardware :
nowadays ahout -3 rco 5 years and softwa:
systems are used for .7 to 15 years. Da:
managed and processed by asuch systems persis
for a much longer time. In a GIS, data may
kept unchanged for several .decades. F
example, think of parcels in a rural area a
. how often they are changed. At the same ti
we observe the enormous costs for collectd
spatial data and keeping the eollections up
date. Over the lifetime of a -GIS we observe

approximate 1:10:100 ratio between the cos
for harduare, software, and dat
respectively, In order to reduce the costs
a GIS, one should concentrata on Improvi
data collection and maintenance __ &ven
more haxduare and sometimes softua
modificarions are necessary.

Our attention must be focused on .t
maintenance of data colleectdion, their lor

Loading data into & system |

may initially appear to be !
however, such a collect:

will be quickly useless.

term usabllicy.
the first ctime
key impediment;
without vpdates

3.4, Inocitution

new technology in
organization requires that the organizat
adapcs to ict. From our daily experlence
konow that orgenizations are very difficult
chonge and react very slowly to ozders
chanpge. Typleally, one aucomates a gl
function of  an organizacion with
information system. The new system complet
and exactly replacas the previously man
task. This causes least disruprclaon, but a
mskes the least use of the potential of
new technolopy. It carries forward all
constraints ciie previous technalogy imposed
the organizacion and to which it adapced o
the years. Hew technology should lead
systems which dimprove the quality of the %
done, Particularly, f£or GIS this means
information to make spatial decisions shc

Introducing a



. be improved. In many cases jobs can be done
which were previously impossible. All  these
.are the desired effects and do not lead ro

resistance.

Problems with ~ the introductlon of
innovations, and GIS is certainly an
innovation, result .. among other things ..
from
- the fear of existing persomnel that they

will not be able to cope with the neu

techuology, and

- the Ffear that the mnew technolegy -will
reduce work and make positions redundant.

quite unfounded, but
nevertheless wvery  important psychologlcal
problema: peneral experience is that GIS does
not lead to a reduction in the workforce amd
with appropriate ctraining efforts, currentk
personnel continue with new job descriptians,
in most cases, where a ecareful plan for
intraduction was followed, personmnel are very
proud of the increase in qualicy of their work
due to the GIS system,

Both are

A gecoud set of problems results from the
fact that "informatien-is power;" even within
a single orguanization. The iIntroduction of
information technology is clearly changing tha
access ta information and thus reduces the
perceived power of those rthat have accesy
roday. The larger the realm of integration of
spatial data d4n a GIS, the more difficult to
desl with. GIS are often planned to eollecc
nnd combine data from different organizations
and pgenefes, ecven from differenl government
bodies (nation, state and towns), which  did
not cooperate in the past. There are nc easy
end simple solutiens to these problems. We can

only be extremely careful wmot to have the
techndcal solution  dictace organizatlional
arrangemcnts which require excens lvae

orpanizational adaptacions. The technique is &
tool and is flexible enough that it should he
chaped to fit the organizational needs and noit
‘the reverse.

4, CHAMGES IN IHFORMATIOR TECHNOLOGY
hal. Quantlitative Changes

The ‘tapid lncrease in hardwarc technology
causes Doth quantitative and qualitacive
changes. Certainly, we will see an increasing
number of computer equipment im our offices to
perform traditional work faater, At the same
time, thisc technology boost will enable its
users to develop new methods to attack old
problems, but also to iInvestigate and solve
new problens. Vhere do we expect changes?

First, some estimations about the
quantitative development within the unext
decade:
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— CPU power will continue to grow fast.

“ryice the speed of the year before" ias a
1ikely scenario to be repeared over the
next couple of years.

- Prices for main wmemory will continue to

dacrease . about 507 bil-annually __ and
large amounts of main memory for each user
will become economically feasible.

- The performance of harddisks will very
slowly increase. At the same time, capacity
of harddisks will grow and their price will
decreage. N

communication networks,
of data, will
than the

— The ~demand for
necessary for fast exchange

grow, but at a slower pace
technolpgy rate, because polivieal and
organizational issues are involved,
fn the late 90's, we may expect the
following specifications for a pergonal GIS
workstation:
— a CPU with 500 wmillion Instructions per

second (MIPS),

~ 500 Megabyres of maln memory,

— 5 Gigabytes of storage space on harddisks
and additicnal 50 Gigabytes on optical
disk,

- a unrkstniion acreen with 2000 * 2000
pixels, and

- a ccomunication device with 100
Hegabits/second transfer rate.
Compare these figures with' ‘our current

workstations: 2-5 MIPS, 4 MB wmain memory, @
100 MB harddisk, 600 * 900 pixels screen, and

" a 10Megalbits/sec Ethernet adapter.

4,2, Qualicative Chaoges

This change is not only allowing us to do
the same things faster and with less cost, but
it can qualitatively affecr the way we do
things. It 1s probably <the biggest challenge
to understand how to use this new potential to
our best advantage. It is mot only the larger
capacity and faster processing speed of
devices that change the way computers can be
used, ‘but also cheir physicel size and weight.
The new kind of  laptop computers which weigh
less than 3 kg does not replace the standard
personal computer, but is used during travel
and in meetings. It effectively replaces the
notepad and pencil which we all use to carry
around—with che addition of acecess to
personal dacabases, spreadsheets, etc.

One can predict that in the near future,
CIS functions will be implemented on machines
which can be carried into the field, How will
ve use them?



_ 4,3, Rapld Change in Technology as & Problem

Hew equipment 15 placed 1in the market at
a growing speed in order to replace “gld"
equipment. This increased turn—around = time
cayses specific problems to the establishment
of information systems. Fast growth 18 che
dream of many companies and societies’._ until
they realize the problems associlated with it.
Some examples:

~ The economic life cyecle of new equipment is
ghort, because & mnew device will s=oon
appear to replace it, The markee for used
computers is volatile and prices pald for
used egquipment are depressed by the rapid
appearance of now models, Equipment bought
last yeor for $10,000 may be worth less
than $2,000 this year.

~ Maintenance of a computer system has becoume

a major economic factor. TFrequently,

gystems must be Teplaced even though they

~ ore worldng fine, because costs for repular

medntenance are - higher than the costs of
buying a new computer.

~ Deeisions to buy & uew computer are
difficult dn the 1dght of new wmodels
appearing on the market every 2-3 months.

« The costs of introducing a new system are
high. Conversions from ene system GO
asother are often not as slmple as promised
and thus wmore cxpensive. Special problems
are caused by the rtransfer of. cxisting
programs and data to the new system.
Troining cfforts are mecessary as well.

Since the pace and frequency at which new
techndlopy is being introduced 1s so high, it
becomes  increasingly  diffieulr to make
technical decisions. A GIS cannot follow all
the small aodvances of the technology and wust
have some stability. Octherwlse, everyone is
working on kecping up with changlng from one
version to another, learning the changes
rather than concentrating on solving the
"petiial problems.

Thus it is often necegsary te decide to
continue with the established plan, even 1f it
is not the abgsolutely newest technelogy. When
planning, we should anticipate  likely
development and never fix hardware decisions
earlier than is absolutely needed. Thils means
jn actual practice that one starts rhe
purchase process with a functional deseription
and on  indication of some product adding “ox
the best avallable at the woment of
purchase."Othervise, one wmway find after a
lengthy  process of purchase approval,
financing, and dmport licence buylng the
product which was good two or three years ago,
but cowplecely out of date today (and ‘too
expensive as welll).
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5. CHOALLENGE FROY A USER'S PERSPECTIVE

Having diascussed the
introduced by the fast pace of technology
innovacion that dinfluences GIS, we want to
change our point of view to & user perspective
and discuss what affects the use of GIS data
by the ond user.

challenges

A major challenge for the Euture is the
presencation and use of spatial Information. A
re—~thinking is necessary which effects mnot
only the users of these systems, but in
addition the technical experts designing and
building them. GIS desipners should spend more
time o thinling how uwsers will actually use
thair systems and how to get at the desired
information. The focus of these considerations
is the human being. A GIS engineer's task Is
wore than Finding a Bolution te a problem.
Before GIS designers consider and select &
particular technical solution, they
understandwlilch problems are te be solved.

In order to describe what we envisape, we
have chosen three typleal problems in this
area. Clearly, there are others of similar
importance with which we are less familiar.
The three polnts will Illustrate probiems’
related to data gqualiry, user interfaces and
cost banefit studies.

5.1. Data Quality

Data is” never absolutely preclse and
sparial data d4s no exception to this rule.
Spatial data records spatial position with a
certain error, it may be out of date, or the
data collection may be iIncomplete and some
data missing. There is a nuwber of aspects to
the quality of datz which we intuitively take
inre account if wa use data in a decision
PrOCRSE. -

A trained expert would anever base a map
in 1:100 upon coordinates which were derived
Ffrom a 1:500,000 wap. Likewise, Tough sketches
made in the ficld will not be "copled" onto 2
highly precise blueprint. Drawings standards
communicate data quality on which usars rely.

the generation of
gimpler so that

Using computers,

drawings becomes  much
unskilled persons may produce raenderings of
hight visual quality. Drawings can be easily
scaled, Results are always presented with the

game praphlcal quality.

A GIS hos much more potentinl for misuss
of data, becpuse the dntuitrive cued for data
quality and the limitations off some data are
missing, We can see this as a probliem facing
users wio have to be advised of the daca
qualicy and cthe validity of data in a certain
decision process., We can see 1t also as &
1iability problem of the Furnisher of data who
may become liable for damage due to misuse of
the data for purposes it was never intended.

have to .



1t will be necessary £t gpend some Time
investigating the qualicy of data. Humans
~intuitively handle precision {gsues, but these
procesgos must be formalized so rhat they can
e integrared Into the sofcware Systems. We
expect that processes are necded that cartvy
forward data quality indications from thea
aource data to the results. Methods must be
found to present these assessments to the
ugers concurrently in an cifective,
upobtrusive way in order €0 apprailse users of
the validity of the data.

5.2, User Interfaces

puTpose of a geographic
(GIS) is to provide humans
land-relaced data NECESSAry
application domasing,

The primary
information system
information ahout
for their declsions in
soch as town planning, yosource managenantc,
and wvehicle navigation. GI5 users and their
analytical capebilities are rhe focus of chese
processes, the effectiveness of which dependsa
on how users may request spacial informacion
and in which form it ig presented ro them.

Loy ever tried co use @ G15
how difficulc it is to
"earn” o system. Training takes a long time
and is expensive. Experience vitlhh non-GIS
applicatlons demonstrated that direct
monipulation  and wisuyal interfaces, a3
popularizad by the Apple Macintosh or the PC
.Presentation Manager, 3aré relarively casy Lo
isarn and that the users’  produceivity
jnereases at a Laster paceés

Anyone who
will readily ogree

Unfortunately, the transfer of these
innovative ddeas around the Macintosh's
desktop  metaphoT to GIS is not
gtraiglitforward, gnd is slewer and morc

difficult thun cne expected. The probhlemn of
designing affective GLS wser interfaces is nok
one of substituting gyped conmands Iy menus.
Such Teplacements would even Increase the
difficulty of learning u SysCUm.
a problem of finding out uliich operations a
user exccures and how Ghey can be lopieally
grouped’ &0 that o smooth interaction can be
gusranteed and learning is casy.

A congiderable part of the responsibllicy
for a smooth inceraction with such a system
11@9 with the GIS user interfuce through wliich
humans requast and recelve spatial
informacion. As the inctegrating part of all
applications, the user interface should hida
4nternal details how dJdata are stored,
cowmposed, OF decomposed, etc. .. 90 chalt users
are able to concentrate on their work. Tes
design influences how ecaslly users —may
jntersct with a €IS and how quickly chey
understand the results presented. The common
opinion that the jncerface is Msomething to be

done ofter the deslgn and the implementacion
has been completed” 1is fatnl. Such user
interfaces are cosmetic cnhancements’ which
barely help tO mnke these systems ‘user

Ic is rather

100

“to alwost

Teverse Process first
user interface, fallowed by the

friendly.” The
designing the

implementation of the system . 1s rarely
pursucd. ‘ v

Current commercial GIS Thave widely
disregarded aspects of human—compuler
interaccion. Prospective - GIS uUsers need

pxcensive training prior to using a particular

system, a dilemma prima;iiy'.dué to the GIS
researchers’  and desipners’ focd on
functionaliity and implemcutation;rathcr than

usability. In the past, the design of spatial
{nformation systems has been explored in &
bottom—up manner focusing on storage of and
access Lo a-dimensional data, data structures
for modeling spatial  data, and  the
architecture of spatial databases. At the same
cime, litrle atrention has been paid to the
users! vieus of these operations. Systems
evalved initially from a swall set of commands
lhundreds of features without the

necessary considerations of how users learn
them and inceract with them. : -

Improvements to GIS user Interfaces wdY
be based on the rasults of {nterdisciplinaty
efforts in computer gelence and psychology
which afm at reducing the gap between users
and computer systems. Humang are the focus of
these studies which “dntend to match the
concaptslnﬁmns use as  closely as possible.
Numans should " be able to -express thelr needs
using concepts and fqrms'of organization which

—e most natural to. rheir tasks, 1n 1ieu of
forcing chem to organize thelr thoughts as

- dictated by a computer system. principles and

methpds dominating the current sCream of
designing  human interfaces and visual
qnteractioun ave direct manipulation, tWhat—You—
See—Is—Nhat—Yuu*Get (WYSIWYG) » and icons. The
use of metaphors has pecome a central igsue to
organizing graphical  user interfaces and
presenting, explaining, and familiarizing new
capabilivies or functionalities by exploiting
che humans' agsoclation of an object with a
familiar domaim.

The closcr the interaction- betwean user
and GIS simulates the {nteractions among
Lumans about geographic dara, the wmore natural
che use of a GIS will appear Lo usexs and the
less time uecessary Lo “jearn" a CIS. Systems
which do  noc meet user requirements will not

Le used and are wygeless" in  the iiteral
senso. GIS user interfaces design nead morE
chan just the application of mice, windows,

and menus.

of these principles has
day-co—day business
electronic

The application
concentrated on popular,
applications, such as text edltors,

mall syscems, and simple drafting systems and
wntil recently, only few aof these -findings
have been carried ovetr to GIS. The dramatic
Jdifference between human interfaces for ‘such
business applications and GIS 1s cthat GIS
users interact with spacial data modeling



. real~world phencomena which  they have
experienced in their lives. They cxpect the
gome . or at least very similar . "behavior

.,at- the surface of a computer Ecreen.

-

An additional problem that only now comes
{nte focus is the cultural differences between
_countries. Host GIS software ig constructed In
the U,8, for the U.5. market {some cowe Erom
Canada or Europe). it is not only the surface
problems of translation of manuals and command
longuages or menus to say Peortupuese oOF
Spanish which dis difficulc enough co do, but
the overall adaptation to deeper differences
in culture. We became aware of Idnguilstic
differences inm the structure of the
‘desecription of spatial motion between Romance
aod Germanic languages and wonder i1f there are
other differences which may affect spatial
"cognition and thus the way people thinl about
‘spaces This would obvicusly deeply affect the
construction of intexfaces 1f not the internal
atructure of a GIS. -

5,3, Cont-DBenefit Analyasis of GIS

Hew oysCems,
Introduced if we cannot
cost effective in a wide
modern teclmology Ffor its own sake is quite
unreasonable; however, ghowing cost
effectivencus of an information system, and
eapeclally a GIS is difficult. It s usually

not only GIS, should not be
show that they are
gense ... Lo use

possible.to establish what the cost of the
current system 1s, even 1if some hiidden cost
cannot be assessed. It Is also possible to

have quite accurate projections of the cost of
the new system, taking dJnto account not only
the purchase of the system, but also including
funds for system malntenance by the vendor,
data aquisitien etc. thus, finding che cost of
g system is quite feasible and this may Dbe
sufficient to show that the new system is less
expensive to run than the current one and will
reduce overall eost. This i1a often suwificient,
but from expesienc we know, that this is not
.the full picture.

“ In a cost-benefit apalysis, we have to
compare the cost, which can be assessed, with
the benefits a system produces. Even 1f the
system replaces an existing manual system and
could be justified on "cost reduction®” alone
{by constant benefirs}, additional benefits
will be ‘reaped. In .mnearly all cases knaown,
additional and not foreseen benefits were much
‘more iwportant than the planned ones., A GIS
waa  capible of producing “informatiom
products” in formats not currently possible
but highly useful for decision making, the GIS

is copable of providing information much
closer to the actual aituation, d.e., with
less of a time gap, or can react much quicker

to an information demand. As a result of the
introduction of o GIS, crhe rtespouse of an
agency or organization to Iits clients may
improve greatly (sometimes with reduced cast).

The difficulty 48, to see and describe these
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opportunities for new information products a
GIS creates, while the current users of the
pystem will most likely net be aware of them.
Even if appreciated, they must be assessed and
a value _. not a cost __ associated with them.
Only then we have a reasonably complete
plcture of the effectivencss of a new systems

6. CONCLUSIONS

CGIS must be understood as complex systems
chat are Jnfluenced by many factors. We have
1poked at two groups of them, which we think
gre the most important ones today, namely rhe
push for development due to the rapld advances
in the technology used, and the need to becter
understand and adapt to the real necds for
1S, The technolopy used for GIS changes very
rapidly. This dis both & challenge and an
opportunity. It avails us of new methods to
deal with old problems, allows us to select
which were not Cfeasible
pefore etc. It is a challenge to find the best
wvay to use this technology, wot only to
antomate current operatlons but also to create
new tools not possible before. It is finally a
pajor challenge to Ilive in an environment
where most aspects change rapidly and i1t is
not always possible to go with the "latest and
newest.” We pointed out, thet we usually
underestimate the specd of hardvare
development . new capabilities come faster
than we expect . and at the same time, are
overly optimistic what software could achieve.
Programs are ~often delivered late, with less
functionality than expected, over cost and
with "bugs.” Most of the software cnginearing
technology is decades old and progresé is much
slower than anybody wishes.

On the other hand, we stress that GIS
mist not be pushed ouly by what the technology
makes possible, but by understanding what
sociéry needs and how the GIS is used. We have
addressed three subtopics in this area and
have found that T

— GIS must appraise users of the quality of
the information producks such that users.
are not wmislead. This d1is an -issue ‘dE-.
fairness and affects usability, and in the
end, mey become a major 1liability problem
for the provider of the data.

- Interfaces to GIS must become simpler to
use and easier to learn, Interfaces should
be constructed from the users perspective
and not reflect the internal implementation
detnil. Interfaces must ba adaptable to
other languages and it is not yet clear to
what degree other cultural differences
affect GIS use.

- In order to show cost effectiveness of GIS,
there is usually not too much of a problem
cpleulating the cost but it may be
difficult to assess the henefits. It 1s
clear from experience that GIS produce more



benefits than 1s usually expected, bul
there are not easy ways to predict and
agsess them,

We see GIS as a system in a wider soclal
gnd economical context, It has to provide a
useful function to the organization that
introduces it and to society at large. In
addition, it dis inFluenced by and must FTeact
to other changes in soclety.

everse procese _ . first
interface, followed by the
the system __ 1is rarely

rcial GIS have widely
cts of human—coupuler
ective : GIS wusers need
prior ro using a particular
primarily " due te cthe GIS

degigners' . foci on
implementation rather than
past, the desipgn of spatial

has been explored in a
ocusing on storage of and
ional data, data structures
patial  data, and  the
tial databascs. At the same
tion has been paid to the
these operations. Systems
rom a swall set of commands
of fearures without the
tions of how users learn
irh them. =

o GIS user Interfaces may
esults of interdiseiplinary
r science and psycholopgy
ing the gap between users
ms. Humans are the focus of
ich -.intend +to match the
¢ as closely as possible.
ble to -express thelr needs
forms ‘of opganization which
0. their tasks, din lieu of
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