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ARSTRACT: Informaticn technology is a rapidly changing ficld and its inravative ideas and acramplishments will alfect
the design and use of future geographic infermation systems (GI5). In order tn make some predictions about GIS
technaology for the remnainder of this decade, it §s necessary Lo assess the develapment of new technology. Experierce

shows that the development rate of now compater hardware tends to pe underestimated

s however, expestations about

improved saftwate systems are usually higher than what industry can deliver. Considering tnese rircumstances, pos-
gible changes in €15 technology and its wse are assessed. The most important problems ate shown to lie with the ability
of erzznizations 0 adapt ta new technology. The general chalienge is to make the most effective and efficient use of
new technolagy. Specific challenges from the wser perspective are addressed in three sreas: data cuality and how it is
comraunicated to tae dser, user interfaces designed from the user perspective, and cost-benefit analysis of geographic

infermation. They point ‘o current rescarch that Is expectod to irfluence the

decade.

INTRODUCTION

WETHN THE LAST DLCADE, geographic information systems
(15} have matured from an atfractive idea to an entire
industry. This development can be abserved in the market, in
companies, academia, and the professions related to gengraphic
information. Same idicalors are

® The number of system Installationg has been 1epm’tEd lo Zouble
cvery 2o \}rmrq

® The annual growih rate of the G5 market (s cstimated to be around
35 percent;

# Sales fpures of some G5 vendors ame growing &t rates of 200
percent and more;

# A rapidly increasing number of reponal, national, and interna-
finnal conferences are focusing on GI5, some on techaciogical ad-
vancements and the theoretical foundation of GI%, some on
apmiications of GIF for specific domaing;

& A growing number of professions] joumals are pablishing articles
v gecgtaphic informalion systen:s, seme of them adopting the
terms GIS or LIS into their Hiles;

#* A maltitude of disciplines — geojmaphy, enginsering, forestry,
comprater soence — now emphasize GIS;

# Many universilies are adding GIS rourses and wiinessing an ir-
creAse of slucents” inleresis in GI5; and

# Finallv, nativnal resezrch centers for geographic information have
heen eztablished in the WS, {Ablec, 1987; NCGIA, 1985) and in
Britain (Maher, 1950).

Spatial information technology has lef iis infancy and has
become an established industey. The issue is no longer whether
or net o use a CIS, but how to use it for the highest benefits.
Fublic agencies and private companies are regularly using G15
ttchnﬂlog}, and they do so much more successfully than just
a few years ago, The packages vendors now offer have breath-
teking capabilities, with large arrays of functionality and so-
phisticated color graphizs. Many applications are now aperational
angd highly productive. Spatial infermation is rapicly becoming
an essential factor in all kinds of decision making fasks. Gi5
praducts furnish the required information at the rightl time,
laading to better informed dedsion makers (Armstrong and
Densham, 1990;.

This paper attempts to analvze the current situation and pre-
dict somme trends for the future, Development of radically new
lechnologies is slow. Tt takes years for a new methad to be
introduced, tested, and adopted for operational use. From past
examples, we conclude that the development and market intro-
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Gl commnunily toward the eod of the

duclinn of a new idea in GIS takes about § to 10 years; therefore,
we cohelude that zll the technology that will affect the wtiliza-
tion of GISs in this decade must be already in & mescarch or
development leborztory. To predict the {uture in €15, cne must
assess Lhe current research work,

Tredictions are necessarily subjective agseasments, based on
Lthe understanding of the technology, the field today, and one's
experiences. We do not expect that others will agree fully with
our views, but we hope to stimulate and encoucage the publ-
callon of other opinivns on this subject (Dangermond, 1991).

The remainder of this paper assesscs the past development
of hardware, soltware, data, and institubions involved in spatial
Jdata processing. We try, then, to predict quantitative and qual-
itative changes in the fature of GIS, Impacts on prospective users
are discussed from three different perspeclives: data guality,
user interfaces, and cost-benefit analysis of Gls.

TECHNOLOGICAL EVOLUTION

1t is heneficial to examine, at the ocutset, the development of
the different components of a GIS, as well as their rales. There
are four major parts of a GI5:
® the msfrfwiion using the information gwstem: people, thelr man.
agement, methods, and connections hetwern arganizations;
® the dals describing some part of realily and stosed in Lthe infor-
eration system;
® the softwgre used to manage and analyze the datz and derive the
desired information; zand
® the hardware used to store, process, snd present dala.
The order of the components listed here implies their signifi-
canee, beginning wilh the organization and people who actually
usc or are served by the system, and ending with the teols
necessary t0 produce the desired information. The following
discussicn progresses “botlomeop,” e, from the less impor-
lant hardware considerations to the most cmzcial institutional
aspects, It seems necessary to deal first with the rapid devel-
opm.ent of hardware which attracts enormous attention and ap-
pears fo drive the G5 technology. We will demaonstrate, however,
that such raped development is translated into practical use at
2 much slawer pace.

HaRowaRs

New hardware is being developed and intraduced at very
high speed (Faust ¢t ai., 1991), The trends commenly observed
include
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® processor speed doulies every year,

@ memory capacily — bath pricmaey and secondary — prows at g
similar pace, and

e the physical sizes of srhole sysiems shinnk.

A decads agn, cumputers needed dedicated, air-conditioned en-
virorments and specialisis to operate them. Mow, are can have
a Personal Computer or a Workstation silting on ar office desk,
end it is many Eimes faster than the older mainizames. There
are no incications that the speed of this development will de-
crease in this decade. Fven though there are uitimately physical
luws that will limit speed and miniaturization, such as the speed
of light and the need of at least one electron to store one bit of
data, these imits ave far beyond current 1echnology.

Today, hardware for GIS involves mare than stand-alone-
machines. Workstations are linked by Jocal area networks in
arder to share processing, and b access conumon database seme-
ers and peripherals. Interoperabilily, e, access to hardware and
software from several vendors in the same nelwork, is emerging
as a requirement fnr large GI5 applications. Several network
clusters at multiple sites can be connected by telecommunicas
tior ks across slales and continents to form wide area net-
works.

It should be noted that not everything menfioned in trade
journals is actuzlly availabe. From the announcernent of a new
product ta its use by a small, advanced user group, more than
a vear may pass. [t may take up to bwo or three years until a
product pe*‘\etrate&. the 1.5, market. Even i[ a pmd uct is avail-
able, it may be far from usable. New praducts are ailen incom-
pletely developed and expensive to acquire because they roquire
cecnsiderable time and effert before they can be used produc-
tively.

SOFTWARE

Software development is expensive and time consurning. Un-
like the development of new hardware, the prodaction of com-
plex software systems is still a mﬁjc]r problem. The growing gap
betvreen improvements in hardivare and sofbware, the so-callad
soffware crists { Iraub, T98%), has been widely discussed J uring
e lagt decades, No easy solutions have ?".u]:.‘r:arrd 5o far. De-
spite the wide-spread application of suftware enginecring meth-
nds, the cost of seftware has dramatically risen without a similar
nnprovement inits quality. A study of software produced for
the Departinent of Deferse (DoD) in the 1.5, revealed that only
1t percent of the software systoms could be used as delivered,
and over 50 percent were never used at all — even after costly
revisions {Buckely and Poston, 1554). Several major software
developments in G5 in the last yaars were Inlroduced inlo ke
market years later than planned and with a cast much higher
thart expected.

What are the reasoos for such poor “performance™ Inno-
vative accomplishments in software engireering have boen rare.
[Despite tremendous research clforts, attractive new ideas such
as parzllet programming are ncl yet ready for commercial use.
Conseguently, most of the concepts and ideas wsed today are
quite dated:

* The programming lakgusges cuerenlly wsed Inoindustry, suchoas
CORDL gl PORTIAN, are almest 35 years old, The popular “new”
lanpuzges, such as Faseal and O, have been arounet for 20 vears
and are slowly taking over, aDa, developed as the languaze of
the futare 10 vears ago, has found liltle papularily outside of oD
cuntrachor-.

& A similar observation can be made for gperating systems. Taose in
use {ocay [eog., VWS, METIGS, UNIK) wete developed 10 or 20 vears
aywr and the mobvations far many of the solublions have long van-
ished with the rapid development of new hardware. Two exam-
puea: The crvple short commanrds of UKTE wore vventad 10 roduce
Lypirg ok ¢ tme when prinfolly slow teletypes were e comumon
irput device. The 840 Kilobytes Boundary that limits proprams
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under KS-D05 {5 testimeny for a time when 1258 Kilcbytes was
considerad a very large memory capacily and more Ehan a single
wser could affurd — at today's price, 128 Kilobytes is less than
S140.

@ Today's must papular Databese Manggoment Sysiems |DEMS) employ
che relafional data model which was developed 20 years ago pri-
narily for business data (Codd, 1970; Codd, 19582). Their support
for the complex data types, relationships, and integrily constraints
in large collecHons of spatial data is insufficient, conceptually as
well as in lerms of efticiency (Frank, 19588).

Corpared with the fast-paced hardware preduction environ-
ments, today’s software enginecring environments are anti-
quated. They result in programs which are abways “almost”
finiskied and will appear "REAL 500N NOW” — which can be
transzlated to mean that the development is behind schedule
and there is no idea when the product will be Anished. When
tinally received — after much delay — the products often lack
a usable manual abd have many “bugs’” (Brooks, 1972}

15 softwaze oflen looks flawless during a demonstration, and
prospective users may be lead to believe that it will perform
exaclly the jobs cxpected. Impressed by hardware perfurmance
und nice pictures on the screens, il is hard to see the aciual
problems with wsing these systems. One tends to assume op-
timistically that adaptations will be casy or that the vendors will
corre gut with new versions selving all the remaining pzotlems.
Unfortunately, this is usvally not the casc, because adaptations
to the specific prollems of an arganization are somelimes very
difficult; system performrance may be much slawer when work-
ing with actual data sets and not the Bny demonstration ox-
amples; and the integration of work perlosmed by different
persens in @ team may be very difficult.

Data

The economic iile cvcle of hardwate is currently about 310 5
years and software systems are uszed for 7 to I5 years. [Jata
managed and processed by such syslems persist for a much
lunger time. In a GIS, data may be kepr unchanged for ceveral
decades. An example i data describing land parccla in a rural
area. Land owmership changes approximately every 7 (o 10 years
in the .5 and the geometric description of parcels is even
more stable {leffress, T999),

Apart from the petertial long-term value of spatial informa-
licn, the cast for collecting spatial data and keeping the collec-
tions up to date is encrmous. Over the lifetime of a Gig, we
estimate that the ratin among the cost for haedware, scliware,
and data is approximately 1:10:100. In order to reduce the cost
af G15 solutions, one should concenlrate on improving data col-
lection and mainlerance procedures — even if more hardware
componants or soflware modificalicns arc necessary.

Another increasingly impartant aspect of data is their rrultiple
wse, within an orpanization and acrass institutional boundaries.
Due to the high cost of data collection and maintenance, data
nzed to be shaved among users and integrated with other data
collections. Spatial data in digital form are becoming generally
available, e.g. TIGER files (Marx, 1990}, Digital Line Graph data
(Cowen ¢t al., 1990), and satellite imagery, and standard data
exchange farmats have been defined (NCDCI2S, 1988). Thus,
the technelegy for data sharing is rapidly developing. The crux
of data Exchange and data inlegration, however, Les in con-
veving the meaning of the data and to communicate the quality
of the data exchanged (Chrisman, 19%3; Robinson and Frank,
16851, To describe spatial data so thal 2 receiver can extract
useful information from them femains a majur problem. It is
irsufficient te transfer ondy the data files, because the receiving
institulion musl exactly undersland what is represented and
what limitations the data collection has. I this 35 unclear, the
receivers may use the data in an inappropriate manner {e.g.,
using lopegraphic map data from a 1:35,000-scale map for de-
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tailed earthwork projects] and disastronzs miginterpretations may
follow, leading to lability law suits [Epstein, 1957). It has be-
come technically feasible to exchange spatial data, but exchang-
ing spatand mformafion is another matter,

INSTITUTIONS

[ptroducing a new fechnnlogy into an organization requises
thal the orgasizating adopt niew meibnds for decisiaon-making.
Crrganizations are very difficult to change and they reacl very
slowly and reluctactly o pressure for change.

Typicaiiv, in a frst phaze, an existing funchaon of an organi-
zation will De automated such that an information system more
or less completely ancd exactly replaces previously manual tasks.
While this causes least discuption, it alse makes the least use
af the potential of the new technology. 1t carries forward al) the
constraints imposed by the previous technology to which the
organization had adapted over the years; in this case, all the
restrictions of spatial data collecticr, storage, oresentation, anrd
distribution using manual carlegraphy. Many of the current
Glzs show their raols in syslems to maintain a collechion of
maps, They divide reality inta “map sheets” and are concesned
with cartographic symbaols, not real objects.

New technology should lead to svstems which improve the
guality af the work performed. For a G5, this means that the
availability, quality, and limeliness of spatial information for
decision making shou!d be improved compared to the manually
produced infonmation. In many cases, it alse means that jobs
can ke done which were previously impossible or impractical.
These are the desired, though not always achievable, effenis
which newd nol cause resistance within organizations.

[t iz surprising to observe that the development of new hard-
ware creates so much exciternent and receives so much atten-
tion i the public eye — at least in the technology oriented
socichies of the anglo-american world - despite the fact that
much of the new hasdware is nol really used. At best, it serves
to replicate previously manual methads wilhout fully realizing
its potentiai. Thus s specifically leae for the fieid of telecom-
municafion and compuiter netwarks swhere the oniy widely used
application is electronic matl which rephcates the poslal service,
Surprisingly, really innovative applications of new applications
are extramcly rare and nol widespread.

CHANGES IN INFORMATION TECHNODLOGY

The rapid development of hardware technslogy is both quar-
titative and qualitative. Cerlalnly, we will see an increasing
amount of computer equipment in olfices, allowing us Lo per-
form traditional work faster. At the same time, this technology
boast will allow wus ta develop new methods for solving old
problems, and to invesligale and solve new problems, What
kind of changes should we expect?

QUANTITATIVE CHANGES

First, some estimalions ahout the quantilative development
within the next decade:

* Peocessing power witl continue b grow fast, “Twice the speed of
the year before” 15 a likely scenario to be repeated over the next
few vears and Eaere are moce oplimistic predictions such as Joy's
law that the CPU performance in millien instructions per second
[MITs} ig 2%t 19840 (Stonokraker of 20, [988).

® Prices for main memory wil continue to decrease — about 30
percent bi-annually - ard large amounts of main memory for
cach user will become cconomically feasible. While it makes car-
Tent economic semse - based on the price ratins of praccssors,
memory, and disk accesses — o make data, referenced svery 5
minctes, memory resident, itis likely to ircrease to 5 hours wihtin
the next 20 vears (Gray and ["utzola, 1987}

® The access time of hacd disks will increase very slowly. At the
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same time, the capacity of hard disks will prose ancd price will
decrease.

# Commurication nebworks for the exchenge of large data volumes
will proliferate. This will kappen at a slower pace than hardwoare
develnpment, because organizalionsgl and political issues aie in-
wolved.

Inn the late 9Us, we may sec the fellowing specilications for a
persoral GIS workstation:
@ A CIU with 500 srs,
& St} Mygabytes of main memory,
® 5 Gigabvtes of storage space on hard disks and an additional 50
Gigabytes on optical disk,
® a workstation screea with 2,000 by 2,002 pixels, and
® a communication device with 170 Megabics per second transicr
rato.

We expect that a workstation with these capabilities will cost
about the same as loday’s personal camputers having 2 to 5
MIES CPL performance, 4 B main memmy, a 100 MB hard disk,
600 by 900 pixels screen, and a 10 Megabits per second Ethernet
adapter.

QUALITATIVE CHANGES

The rapid increases in hardware specd and capacity allow
spatlal analysis and other waork to be done more guickly, but
will also affect the way things are done. Qur biggest challenge
will be to understand how to use this new petential to the best
advanlage.

Turning around the quantitative development of the hard-
ware into products has proven 1o be difficult. Particuiarly, the
increase in complexity in the solbware systems desired will more
Man offsel the increase in pragrammer productivity. Thus, saft-
ware will remain the crucial factor limiting further develap-
ment, Construction of soliware will became exclusively {he
domain of the software engineer, and Gi5 UsCrs, pragramming
in a base programming language, will become a scenario of the
past. One of a kind, special syslems will become extremely
expensive and the trend toward the use of ofl-the-shelf systems
will continue. Adaptation of systems to crganizations will be-
come exlensive and very high level, specialized languages —
sometimes called macro lanpuage — to tailor syslems to specific
needs will be widely used, forming the basc of a sizeable con-
sulting lusiness.

126MSs will be used for all the data, and computer networks
will become prevalent. Tt remains unclear to what degree so-
lutions for the integralion of {he feam members and their con-
tribution lo an institulion’s task can be achieved. Research into
commpiter support for cooperative weerk 38 inits Infancy and only
very Hmited example programs are on the market today, Twa
important technical problems need to ke solved for GIS:

® Lang trarsaciions, ie, when fwo or mere changes, worked on by
dilferent users indepeadently, inbezacl because they affect the samne
data and each’cl these transactons takes days ur months e cnm-
plete (Gareia-Meding ang Salemn, 1987).

& Verstons, be., when asers need by be able to develop several in-
dependent alleraatives for a planned development (Katz, 1930;
Therault et 2l., 1991).

The ways in which computers are used will change not orly
due to their larger capacity and faster processing speed, but
also due to their physical size and weight. Take the new note-
ook computers, weighing less than 7 pounds, as an example,
They do not replace standard personal computers, boet effec-
tively replace notepads nad pencils during travel end meetings
— with he ad:dilional benefit af access to personal databases,
spreadsheet pragrams, and other data. Integrating these mabile
machines with the statiorary computer networks poses inter-
esling problems such as keeping the databases up-to-date in-
dependent of the mobile machines which are not always
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connected to the network. Technical sohulions are known, but
legislics and soflware are not available.

One can easily predict that, in the near future, Gl functions
will be implemented en machines which can be carried into [he
field: however, the availability of a technicai system does nol
automatically assure its steccess. QIS in the Held™ mav be used,
fer instance, lo access utility line plans, pavticulacly when re-
sponding to emergency calls. Current work crews lack the qual-
tlications to operate a GI5. Should they be trained or, rather,
should the G15 user interface be simplified? How will a small
computer sland up in the harsh work envirenment? And how
will it be secured against thefl?

RarFiD CHANGES IN TECHMOLOGY AS A& PROBLEM

Mew technology is constantly put on the market and at a
growing pace, targeted to replace “ald” technelogy. This in-
treased turn-around Frequency causes severe problems to the
setup and maintenance of information systems in an ergani-
zation that desires stability. Fast progress is the dream of many
companies and socleties - wntil they realize the problems as-
sociated with it:

® The gcomonic fe opele of equipment is short, because new deviees
will soon appear to replace it. The marke? for used computers is
volstile and prices paid for used equipment are depressed by the
rapid appearance of new and cheaper models. Equiptnent bought
last year for 100,000 may be worth less thar $20,000 this year.

# Mafrtenance of a computer system has become a major ecanomic
factar. Frequently, costputers mast be replaced even though they
are working sabisfactorily, because costs for regular maintenance
are higher than the costs of buying 4 new computer.

# Decisions to buy new hardware are difficult in the Hght of new
models appearing en the market every 2 to 3 months, When does
one decide to buy?

& The cost of infrodudng a rew system is high. Conversiors from
one aystem to another ase cften nat as simple 25 premised and
theretore more expensive. Special problems are caused by the
transfer of cxisting programs and data to the new system, Re-
training efforts can be costly as well.

A @15 ranriot fallow all the small advances of the technology.
There must be same stability; otherwise, users will be working
or: keeping up with changes from one version to another, rather
than concentrating on selving actual problems. Thus, it is often
necessary (o continue with an eslablished plan, even if it does
not involve the absolutely newest technology. Planning should
anticipate likely developments, but hardware decisions should
never be fixed eartier than absolutely necessary. This means, in
practice, Ehat one starts the acquisilion process with a functional
deseription and an indication of some existing product, adding
“or the best available at the morment purchase” so that the
decigion on the specific product is delayed until the moment of
the actiral order. Otherwise, one may — after a lengthy process
vf purchase appraval and finarcng — end up buring the prod-
uct which was adequatc two or three years ago, but completely
aul of date and too cxpensive now.

CHALLENGE FROM A USER'S PERSPECTIVE

Having discussed the challenges introduced by the fast pace
of technology innovation, we wanl to change out point of view
to 2 user's perspective. Whal innovalions can be expected that
will improve, not just the processing and storage capacity of
GIs but their usability? GIS vendors are condronted tuday with
the challenges that what a system can do counts Tess than how
effectrzely the system can be introduced into an organizatian,
learned, and used. We will discuss here three typical aspects
of this usability issue: data quality, user interfaces, and cost.
benefit analyses.

DaTa QuanTy

Data are never absolutely precise and spatial data are no ex-
ception, Spatial data describe location with a certain error; they
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may be out of date or the dals collection may be incomplote,
Humans automatically take into account a numher of data qual-
ity aspecls when using dafa in a decision process. For exampls,
an expert would never base a map at 1100 scale upon coordi-
nates which were derived from a 1:100,000 scale-map. Likewise,
rough sketches made in the ficld will nol be “copied” anty a
highly precise blueprint,

Technizal drawing standards allow for the communication of
information zbout data quality., With computers, however, the
generation of drawings becames much simpler so that an un-
skilled person may produce renderings of high graphical qual-
ity. Prawings can be casily scaled, and the results are alwayvs
presented with the same graphical quelily.

GIss have much more potential for data misuse than tradi-
tirmal drawings and ma ps, beeause their data presentations lack
intuitive coes indicaling data quality {Beard, 1959). This can
create serious problems for users who have to be advized of the
data quality and validity for their decision processes. It can also
become a liahility issue for the furnisher of data who may be
helé liable tor damage resulting from using data for purposes
never intended.

It will, therefore, be necessary to imvesligate the quality of
data and its vizualization. Humans intuitively hendle informa-
tiom on data quality. These intuitive processes must be {formal-
ized so thal they can be integrated into the software systems.
Formal pracesses are needed that propogate indications on data
quality and walidity from source data to resulls. Visualization
methods must be fournd to present these indications to the users
in an effective, unobirusive way. Research in this direclion is
under way {Deard ef @i, 1991).

UsER INTERFACES

For GIS users, the user interface i3 the system. The design of
interfaces determines how effeclively they can do their work.
The user interface should hide inlernal details — how data aze
stored, romposed, or decomnposed — 5o that wsers are able to
concentrafe on their tasks.

Anyone who has ever tded to use a GIS will agree an how
difficult 3t is ko “learn” a systern. Training usually takes a long
time and is expensive. Experience with non-GIS applications
demonstrated that visual interfaces based on direct manipula-
lton, as popularized by the Apple Macintosh or the PC Presen-
tation Manager, are easier to learn than fraditional command
language interfaces, and that user productivity increases at a
faster rate,

Unfortunately, applving these user interface innovations to
GI% 15 not straighttorward, and progress is slower than ex-
pected. The problem af designing effective GI5 user interfaces
is not onc of substituling typed commands by menus. 1t is rather
a prablem of finding out which concepts and operations a user
executes and how these can be logically gruouped so that learn-
ing them is casy and a smooth interaction can be achjeved
(Egenhafer, 1990),

The common epinion that the interface is “something to be
done afler the design and the implementation has been com-
pleted” iz fatal. Such user interface designs are cosmelic en-
hancements which do not help to make a system “user friendly.”
The reverse process — designing the user interface first — Is
seldern pursued. GIS design has baditionally progressed bot-
tam-up, wilh a focug on storing and accessing n-dimenstonal
datz. Inadequate allention has been paid to a user’s view of G5
operations.

Current commerical GIss widely disregard fundamental as-
pects of human-computer interaction. G235 users need extensive
and expensive training prior to using a parficular system, due
to the researchers’ and designers’ eoneentration on functionality
and implementation rather than nsability. Systerns tend to evolve
from a small set of commands te hundreds of features without
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the necessary considerations of how users learn them and in-
teract with them. The closer the interaction between users and
G153 approaches the communication about spatial problems among
humans, the more natural it will appear and the less Hme will
be necessary fo “learn”™ il (Kubn and Frank, 1951). Thus, user
interface design requires more (han the user of mice, windows,
icoms, and menus.,

Impraovements to GIS user interfaces in this decade can be
expected from interdisciplinary efforts in computer science and
cognitive psychology. The focus of these siudies gre humans
and their ways of thinking about space. The goal is to match
the cuncepts in user interfaces as closely as possible with those
used by humans. GI5 uscrs should be able to express their needs
using the concepts which are most ratural to their tasks. They
should not have to crgarice their thoughts as dictated by a
cormputer system,

An additional problem, coming into fucus noew, is created by
the cultaral differences ameng GIS users. Most GIS software is
produced in the 105, [or the U.5. market, with some conlri-
butions from Canads or Europe. Bevond the surface problem
of translating mameals and commands -~ which is difficult enough
— the overall adaption to underlying cultural differences is a
major concern (bark et al,, 1989), For example, there are lin-
guistic differences in the structure of the description of spatial
motion between Romance and Getmanic languages. This and
other differences may veveal how peaple think abeut space in
different cultures. They obviously affeet the constructon of user
interfaces, perhaps even some parts of the internal struclure of
4 IS,

CosT-BENERIT AMNALYELS

MNew lechnolugy should net be inireduced unless it can be
shown to be cost effective. To use modern technelogy for its
own sake is quite unreasonable; however, showing cost effec-
tiveness of an information systemn, and especially a GIs, 1s difs
ficult.

It 15 usually possible to estal-lish what the cost of the current
sysler is, even if some hidden costs cannot be assessed. It s
also possible to estimate the cost of 4 new system, taking into
account nat only the purchase of the system, but also the cosl
for maintenance, data acquisition, training, etc. Thus, assessing
the cost of a syslem is feasible and may be sufficient ta show
that the new system is less expensive to nan than the current
one and will reduce averall cost (Dickinson and Calkins, 198%],

This iz not, however, the full pieture. A cast-benefit analyais
has tw compare the cost of a svstem with tke benefits that it
will produce, Even if an information system replaces an existing
manual approach and can be justified on cost reduction alone
{with constant benefits), additional benefits will be reaped. kn
nearly 2l cascs knewn, unforesesn benefils were much omore
impeortant than lhose projected.

Ci5s are capable of producing spatial information products in
forivats not currently possible but highly useful for decision
making. They can provide acival decsien support i Uew of
producing large amounts of cutput with lttle relevance or focus
to the problem at hand, They can deliver this infarmation closer
tor where it is needed and can react faster and more specifically
to information demands. As a result of the introduction of a
Gls, the response of an pRoncy or orgznization to the needs of
its clients may improve greally, sometimes at reduced cost.

The difficulty is to predict these opportunities for new infer-
mation produocls, given fhat the current users of the syslem are
nat always aware of them. Even if these innovations can be
foreseen, a value — not a cost — has to be associated with them.
Assessing the benefits of GIS innoviations — determining what
has value for the users and their organizations — will be one
of the major challenges in the Mineties.
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CORCLUSIONS

A GI5 should be understeod as a complex system that is in.
tlaenced by many factors. We have presented two aspects which
we think are the most importart ones today: (13 the push for
development resulting from the rapid advances in the teckool-
opy wsed and (2) the necessity ko better understand and adapt
Lo wusers and erpenizalional needs,

The technology used in GISs changes very rapidly, creating
bioth a challenpe and an opportunity. If is a challenge to find
the best ways of using this technology, not anly to automate
current operatiens, but to implement solutions which were not
feasible belore, and to develop new metheds for solving old
problems. It is an even greater challenge to work in an envi-
ronment where cnost characteristics change rapidly and where
it i not always possible to go with the “latest and newest.” We
pointed out that the speed of hardware develepment is usually
underestimated — new capabilities come [aster han we expect
— and lhat expectativns of what safbware can achicve are often
loo optimistic. Most of the saftware enginceeing technalogy is
decades old and progress is much slower than anybody wishes,
Software is often delivered lzte, with less functionality than
expected, aver cost, and with “bugs.”

On the other hand, we have stressed that Gis developments
st not be pushed by what technology makes possible, but
by understanding what society needs and how it can benefit
fraem GI2, We have addressed three sublopics in this area and
tried to argue that

# 015 must appraise wsers of the quality of the information products
a0 that users are not mislead. This is an issue of faichess. It affects
usability and may become a major Bability problem for the sup-
plier of spatial data.

# User interfaces with G15 must become easier to learn and use. They
should be desipned from the user's perspective end not rellect
the infemna: implementation decisions. Interfaces must be adapt-
akle to different levels of user expertise and to other languazes
and cullures. ’

# Methods to assess the benefits must be added to those determin-
ing the cost of GIS, in arder to demonstrabe the effectiveness of
G5 solutions. Experience shows that Qs tend 1o produce more
benefits than expected, but thers are not eazy ways to predict and
assess these,

G155 should e understood as systems in a wider social and
eronomical context. GIs technology has to provide a useful ser-
vice to an organizalion and {o society at large. To achieve this,
itis impartan! to rezlize that the key problem is not techinology
as such, but its faster rate of change. Thus, instead of worrying
about today’s new gadgels, we should think about haw to cope
with the rapid evolulion towards temorrow's technolegy.
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