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Geographic Information Systems in Developing Countries: Issues in Data
Collection, Implementation and Management

Abstract

Decision making at the national level in both developing and developed countries requires the integrated use
of information from a multitude of sources. Both local and national governments in many developed countries
have found geographic information systems (GIS) to be a critical tool in resource management, regional
planning, and economic development. Unfortunately, the practical use of GIS in many developing countries is
hampered by the lack of accurate and detailed spatial and demographic data, political considerations, and
management issues. To highlight importance of these issues, we present a framework for GIS adoption in less
developed countries and discuss these and other constraints in the context of this framework. We also offer
ideas for technical, managerial, and policy initiatives that should be helpful in addressing impediments to GIS
adoption. These ideas are summarized in a set of propositions and a related framework that shows our
expectations about the impact of these initiatives on implementation success.
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Geographic Information Systems
In Developing Countries: | ssues

In Data Collection, | mplementation
and M anagement

BRIAN E. MENNECKE, lowa State University
LAWRENCE A WEST, JR. University of Central Florida

Decision making at the national level in both developing and developed countries requires the integrated use of
information from a multitude of sources. Both local and national governments in many devel oped countries have
found geographic information systems (GIS) to be a critical tool in resource management, regional planning, and
economicdevelopment. Unfortunately, the practical use of GI Sin many devel oping countriesishampered by thelack
of accurate and detailed spatial and demographic data, political considerations, and management issues. To
highlight importanceof theseissues, we present aframewor k for Gl Sadoptioninlessdevel oped countriesand discuss
theseand other constraintsinthe context of thisframework. Weal so offer ideasfor technical, managerial, and policy
initiativesthat should be hel pful in addressing impedimentsto Gl Sadoption. Theseideasare summarized in a set of
propositions and a related framework that shows our expectations about the impact of these initiatives on
implementation success.

INTRODUCTION 2. Many information systems do not adequately handle spa-
The role of centralized planning, management, and tial data; therefore development personnel, managers, and
decision making is continuing to increase in importance in computer specialists working in LDCs may have little or
many developing nations because of increasing pressures no experience with these types of data resources or the
from overpopulation, depletion of natural resources, and software used to manage and analyze them.
financial instability (Todaro, 1994; Gillis, etal., 1992). Asis 3. Therearepolitical issues associated with theimplementa-
the case with most planning and decision making activities, tion of any governmental information system that may be
insufficient andinaccurateinformationwill hurt theseefforts. exacerbated by theinclusion of spatial datain the system.
In fact, Todaro suggests that the two most prominent factors 4. Personnel issues associated with system development in
limiting the success of planning efforts in less developed any country may also be more important in LDCs or
countries (L DCs) arethelack of adequate dataand ashortage because of the use of GIS technologies.
of trained decision makers (1994, Ch. 16). Mennecke and West briefly mentioned many of these

Spatial data is particularly valuable for planning and ~ obstaclesto GISimplementation in their paper summarizing
development efforts because they describe the geographic therole of GIS as adecision support and administrative tool
distribution of economic resources, population, and other ~ for governmentsin LDCs (1998). This paper builds on this
relevant factors. However, the collection, management, and ~ €alier work by exploring these and other obstaclestoimple-

app”cation of Spat|a| datacan prmt unique and seemi ng'y mentationin greater detail and by offeri ng solutionsthat will
insurmountable problemsfor organizationsseekingtolever-  help economic developersto find, create, and better manage
agethisdata. Reasons for this situation include: both spatial and attribute dataresources. Government policy

1. Data describing the geographic distribution of anation’'s ~ Makers, system developers, and academics working with

resources are often difficult to collect, they are hard to ~ support systems for decision making in LDCs will have a
verify, and they typically change frequently. richer understanding of how to improve the chances of a
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successful GIS implementation.

The next section of the paper reviewstheroleof GISin
national-level decision support systems to provide back-
ground information for the discussion that follows. Next, we
present factorsinfluencing the adoption and diffusion of GIS
in devel oping countries and present amodel that will be used
to frame the remaining discussion. The next two sections
present, respectively, data coll ection and management prob-
lems associated with implementing anational level GIS and
strategies for overcoming these difficulties. Following this,
we discuss managerial, technological, and policy initiatives
that should prove useful in advancing GISusein LDCs. The
paper is concluded with a discussion of our conclusions and
recommendations for additional research.

THE ROLE OF GISIN GOVERNMENT

DECISION MAKING

The potential for using any technology to support
governmental decision making is driven by the match be-
tween the capabilities of the technology and the needs of its
potential users. This section reviews the common require-
ments of governmental decision makersin devel oping coun-
tries and presents a brief overview of the capabilities of GIS
and its role in governmental decision making. For a more
detailed exploration of the pertinent capabilities of GIS in
government decision making see Mennecke & West (1998).

A vita role of government in both developed and
devel oping nationsistofoster economic development; thatis,
to encourage “ a process which makes people ... better off by
increasing their command over goods and services and by
increasing the choices open to them” (Elkan, 1995; p. 8). To
do this, governments must foster and manage the interrela-
tionships between business development (e.g., retail and
service providers), industrial development (e.g., wholesale
goods and service producers), and community development
(factors supporting infrastructure and the quality of life)
(Harman, 1990; Moriarty, 1980; Wagner, 1978).

A magjor difference between devel oped and devel oping
countries is the degree to which existing institutions help to
manage these interrelationships. In developed countries
mature markets and bureaucracies play a large part in the
management process. In many developing countries, how-
ever, decisions that might otherwise be handled by private
sector organizations often default to institutions in the gov-
ernment sector.

One trend in economic development for LDCs is an
increasing reliance on devel oping private market solutionsto
economic problems (Elkans, 1995). Even though this ap-
proach removes the government from direct planning and
control at the micro level it does not remove the burden of
macro economic and policy analysis from government deci-
sion makers. To perform policy analyses effectively, how-
ever, LDCsneed information about the economic and market

conditions both within their country and at broader scales.

Harman (1990) suggeststhat theseanal ysescan be performed

with the aid of market information systems. These systems

have three components:

1. A datainventory (e.g., past, present, and forecasted data
about market conditions)

2. Lead indicators (e.g., indices used to measure and predict
changes in market conditions), and

3. A decision support system (i.e., a method, process, or
technology used to monitor market conditions and deter-
mine effective responses to changes) (p. 75).

Planning at the national level therefore requires the
availability of accurate aggregated data pertinent to a wide
range of national objectives coupled with tools to support
analysisand decision making. Of interest hereisthefact that
modern GI S can be used as a decision support system and as
a platform from which a data inventory and lead indicators
can be collected, managed, and analyzed. In fact, Mennecke
and West (1998) built on thework of Y apa (1991) by making
the case that GIS is important for LDCs as an appropriate
administrative technology. Gl Sisan appropriate administra-
tive technology because, when utilized at both the national
and local levels, its capabilities for managing attribute and
spatial data can be used to better manage important national
resourcesinthecontext of their location. Inthisway, GlIShas
great potential for use as a coordination tool that facilitates
more efficient data collection, data management, and plan-
ning. While GIS cannot address the entire range of strategic
decisions faced by the government of an LDC, they do
provide capabilities that make them suitable for this use
without precluding the use of moretraditional strategic deci-
sion support systems (Brudney & Brown, 1992; Drummond,
1995; Grupe, 1992; Mennecke and West, 1998; Worrall,
1994). Infact, modern commercia Gl Sproductscan oftenbe
seamlessly integrated into existing information systemsboth
at the client level aswell asin organization-wide systems.

GISADOPTION AND DIFFUSION IN

DEVELOPING COUNTRIES
In his seminal work on the adoption of innovations,
Rogers (1983) proposed a model to explain the rate of
adoption of innovationsthat isuseful to guideresearch onthe
adoption of technological innovations in LDCs. Rogers
model includes 5 variables that are expected to influence the
rate and success of adoption:
1. The attributes or characteristics of the innovation
2. Thetype of innovation decisions that need to be made for
adoption
3. Thenature of the social system in which the adoption will
take place
4. The nature of the communication channels available to
spread information about the innovation
5. The extent and characteristics of the promotional efforts
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made by change agents.

The Rogers model is useful for guiding our discussion
of GISusein LDCs. However, because the characteristics of
GIS and spatia data are somewhat unique relative to the
characteristics of other information technologies, GIS pre-
sents a unique set of problems for government and non-
government organi zations seeking to devel op and implement
useful spatial decision support applications (Onsrud & Pinto,
1991).

We have therefore synthesized a new model from
Rogers' five variables and show how these factors could
influence GIS adoption in LDCs (Figure 1). We have con-
cluded that alogical way to view the factors affecting GIS
adoption and useisto collapse these variablesinto two broad
categories. technological and organizational factors. For
example, GIS is a unique technology that requires special
data, software, hardware, and personne for it to be used
effectively. Thus, its technological attributes will likely
determinewhereand how itisor canbeused. Similarly, when
organizational and managerial issues are considered, we
expect that thedecision-making process, organi zational com-
munication, and the social system in which GIS is managed
and used are likely to influence the adoption and diffusion
process.

We will use this GIS implementation framework to
guide the discussion in the remainder of the paper. Because
many researchers have had a limited exposure to GI S tech-
nologies, it is worthwhile to review and discuss some of the
factorsthat affect theuseof GISinLDCs. Followingthis, we
review the factors that are likely to inhibit GIS adoption in
LDCsfollowed by adiscussion of strategies that may prove
useful for improving the success of GIS adoption initiatives.

Figure 1: GIS Implementation Framework

FACTORSINHIBITING GIS
ADOPTION IN LDCs

The GIS adoption framework suggests two variables
that arelikely to have a significant influence on the adoption
and diffusion of GISin LDCs. We first discuss several GIS
attributes that are expected to have an impact on GIS adop-
tion. Following this, we discuss organizational issues asso-
ciated with the adoption process.

Technological Characteristics of the Innovation—
Difficulties Acquiring Spatial Data

The nature of spatial data makes collection efforts
difficult eveninsmall, devel oped nations. Asaconsequence,
there is currently only a limited amount of spatially refer-
enced dataavailableto support anal ystsand decisionsmakers
working in LDCs. This problem was articulated by Gerland
(1996) who noted that, “ The problem remainsthat very little
of this information is spatially referenced and organized,
making it difficult or even impossible for analytical studies,
monitoring, planning, and decision-support to take place” (p.
9).

Spatial data of interest to governmental decision mak-
erscangenerally fall into three categories, physical, political,
and socioeconomic. We will see that there are difficulties
with the collection of each of these types of data as well as
difficulties managing and integrating data from different
Sources.

Physical Data
Physical data is about features of the ground, land
masses, bodies of water and waterways, roads, railroads,

Nature of the Technological Chara_cteristics
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forests, mountains, etc. In many LDCs the traditional ap-
proach to developing GlS-ready physical data has been to
digitizeexisting paper maps. Often, however, paper mapsare
old and fraught with errors. Leddy and Fuller (1996) provide
acompellingillustration of thisintheir study of GISuseinthe
Philippines. They foundthat the U.S. Army Mapping Service
created the primary base maps used to generate digital maps
in the 1940s and 1950s Because of their age, these maps
contain many inaccuracies, inconsistencies, and
discontinuities.

When considering the problem from the national level,
paper maps have other problems. Unless these maps were
generated under a comprehensive national-level initiative,
characteristics such as scale, content, and symbology on
mapswill differ among areas of the country. The Philippines’
experience is not atypical since the surveying and mapping
activities required to make new maps are tedious and costly
and therefore would strain the budgets of regional and na-
tional governmentsin most LDCs.

Political Data

Political dataisabout artificial designationsthat define
anareaasbeing part of apolitical entity. Whilesomepolitical
boundariesfollow physical featuressuch ascoastlines, rivers,
etc., othersarearbitrary or historical. Somearedisputed with
maps drawn by one entity showing the boundary in one
location and others showing the boundary elsewhere. Some
boundaries are flexible whereas other may be fixed perma-
nently. Inthe United States and other countries city limits,
census blocks, and voting districts all change over time. In
areas such as sub-Saharan Africa the position of entire vil-
lages can move as climatic, political, and other factorsforce
large segments of the population to migrate. Political datais
al so problemati c because boundaries must be recorded manu-
ally, aerial imagery most often cannot be used to directly
detect the mad-made divisions between two provinces, dis-
tricts, or countries.

Socioeconomic Data

Socioeconomic data is about populations, economics,
and social patterns. Recording socioeconomic data presents
someof thesamedifficultiesfound with political data, plusan
additional set of unique problems. Governments are inter-
ested in their popul ations but people are notoriously difficult
and expensive to count. Recording detailed information
about the population, such as income, gender, ethnic back-
ground, profession, etc., increasesthe cost of datacollection.
Economic information can be similarly difficult to garner.
Overhead imagery may reveal a building and may even
indicate that it is a factory but usually cannot detect the
products made. Imagery may indicatethat landisin agricul-
tural use but not the kind of crop or a precise measure of
yields.

Thedifficulty of collecting socioeconomicdataisillus-

trated by the World Bank’s Living Standards Measurement
Study (LSMS) (Gerland, 1996). Theobjectivesof theLSMS
are to develop new methods for monitoring the progress of
effortsto raise living standards, to identify the consequence
of government poalicies, and to improve communication be-
tween national statistical offices. Unfortunately, as of 1995,
only eighteen devel oping nationswere consistently involved
in the survey.

Data Management and Integration

In addition to the specific data collection problems
mentioned above, spatial data presents some integration and
management challengesthat are especially important for data
used at the national level. In particular, when differences
existinthemeasuresand collection methodologiesutilizedin
different regions, comparisonsbetween areaswill bedifficult
or impossible (Walker & Young, 1997). Gerland (1996)
identified a variety of integration problems that exist for
socioeconomic data. These include:

» Missing positional information

 Inconsistent classifications and methodol ogies

e Use of different spatial units

» Use of different levels of aggregation or resolution
» The presence of spatia data gaps

 Different time references for the data

Since spatial datainclude both attribute and positional
information, each of these issuesis relevant.

Another problem ariseswhen maps created at different
scales must beintegrated (Clarke, 1995).1 Theonly way to
resolve this problem is to identify a common scale and
increase the scale (reduce the detail) of the larger scale map
until it conforms to the scale of the smaller scale map. For
example, one province might possess detailed information
about boroughs or neighborhoods within its major cities
while asecond only possesses information about itscities as
awhole. If datafor the two provinces were to be compared,
thelarger scalemapscontaining the neighborhood datawoul d
likely need to be aggregatedto asmaller scale(i.e., tothecity
level) so that valid comparisons could be made. In the
process, the detailed information may be underutilized or
lost. Thistypeof problemiscommonin GlSapplicationsand
is aunique characteristic of geographic data management.

Organizational Characteristics
of the Innovation Environment
Thetechnical problemsassociated with Gl Simplemen-
tation are not the only hurdles facing governmentsin LDCs,
a host of managerial and organizational issues associated
with decision making also have the potential to impede GIS
adoption and diffusion.

GIS Development and Constrained Resources
Accurateandtimely spatial and socioeconomic dataare
difficult to obtain and, as a result, require a significant
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financial investment by any organization seeking to use GIS.
Furthermore, in most cases an investment in GIS hardware,
software, and datawill not lead to tangible benefitsuntil long
after theinitial investment ismade (Deichmnn, 1996). Leddy
and Fuller noted that “... a comprehensive GIS for urban
planning takes 3-5 years to design and implement, in which
case it would likely cross administrations, and possibly be
canceled before tangible benefits are realized” (1996, p. 9).
Because of this, fiscally constrained regional and national
governments will often find it difficult to justify the initial
investment when other, more pressing projects compete with
the seemingly abstract benefits offered by GIS (Innes &
Simpson, 1993).2

Another resource constraint that LDCs face is the
availability of trained personnel. Although softwarevendors
have begun to develop low cost, easy-to-use products that
make the initial investment in GIS more affordable,® these
products generally do not offer the sophisticated capabilities
present in more advanced systems. Unfortunately, only the
more expensive and sophisticated GI S products enabl e users
to engage in large-scale spatial data collection and analysis
activities. Users of the sophisticated products, though, re-
quire extensive training. Training is not only expensive and
time consuming, but it also can lead to retention problems.
L eddy and Fuller (1996) observed that when Filipino govern-
ment empl oyeesacquire even moderate levelsof training and
competence in GIS, they were likely to move to more lucra-
tive non-government positions.

Organizational Palitics

Organizational politics have been observed to have a
significant impact on the implementation of GIS in public
sector organizations in the United States (Pinto & Azad,
1996) and it isto be expected that thisinfluenceisnot unique
to developed countries. Inexamining theimpact of organiza-
tional politics on the implementation of information tech-
nologies, Danziger, Dutton, Kling, and Kraemer (1982) ob-
served that information technology changes the power rela
tions between organizational members, thereby providing
motivation for membersto take (political) actionsthat secure
or maintain power.

In particular, information technology has the potential
to change power relations in three ways (Danziger et al.,
1982; Drory & Romm, 1990). First, the possession of
information often assists those who possess it to be more
successful and therefore morepowerful. Second, sinceinfor-
mation technology is often an important resource for organi-
zational members, control over this resource provides the
personwiel ding thiscontrol with significant power over other
organizational members. Third, those who hold power over
information technology may be perceived as technically
sophisticated or advanced.

These observations related to the role of information
technology in general have been related to the implementa

tionof GIS. Inacasestudy of two public sector organizations
inthe United States, Pinto and Azad (1996) tested six propo-
sitionsabout therol e of organizational politicson GISimple-
mentation that were derived from organizational theory and
theories of information technology implementation. They
found support for all of their propositionssuggesting that GIS
implementation islikely to be impacted by factors similar to
those that affect the implementation of other information
technologies.

In this context, one of the most important issues that
LDC governmentsand aid agenciesfaceisconflict over GIS
and other information technology resources. An important
factor leading to conflict is the willingness of LDC govern-
ments, service organizations, and privatefirmsto collaborate
in the development and administration of GIS technologies
and data. In reporting on issues related to data sharing and
coordination, Leddy and Fuller observed that, “A major
problem is the ownership of data and competition between
agencies’ (1996, p. 10). Thisis a particular problem when
significant resources have been expended to develop and
collect spatial dataand technologiesby local governmentsor
agencies. This type of problem is likely to arise not only
becauseof interpersonal andinstitutional constraints, but also
because these organizations likely do not have significant
formal protocols established for the exchange of resources
andinformation.* Of course, limited or nonexistent inter- and
intra-organizational communication networkswill alsowork
to inhibit the adoption of new technological innovations
(Rogers, 1983).

OPPORTUNITIESFOR PROMOTING

GISUSE IN LDCs

Despite the impediments to GIS system development
discussed thus far, strategies and techniques derived from
theory and prior research are available to countries that wish
to implement decision support capabilities using GIS. As
with the discussion of the constraints on the GIS adoption
process, the organi zation of thissection following the outline
suggested by the GIS implementation framework. First, we
will discuss initiatives intended to improve access to or
availability of GISdatain LDCsfollowed by adiscussion of
initiatives intended to improve the use and management of
GIStechnologies.

Technological Characteristics:
Data Access and Availability
The previous section discussed the expense and diffi-
culty associated with acquiring spatial data. This subsection
outlinesthreestrategiesfor reducing the cost of acquiring and
integrating this data.
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Data Management: An Infrastructure
for Data Formats and Cataloging

Governmentscan take stepsto reduce theincompatible
and incomplete spatial data due to the adoption of different
standards by different data producers. One of thefirst steps
isthedevel opment of national -level basemapsfor usewithall
other datacollection efforts. These base mapswouldinclude
major political boundaries and significant geographic fea-
tures. These maps can be as simple as rectified remote
satelliteimagery (RSI) or topographic maps (see discussions
later inthissection) but they accomplishtwoimportant goals.
First, national base maps eliminate the expense of each
database producer creating their own base maps. Reducing
theoverall cost of datacreation shouldleadto moredatabeing
produced. Second, national-level base maps automatically
impose national standards for projection, scale, and resolu-
tion of datalayered onthesemaps. National level effortssuch
as the TIGER and earlier DIME files in the United States
clearly demonstrate how this type of policy initiative can
significantly reduce the expense of dataacquisition, improve
the availability of datafor smaller-scale users, and promote
innovative uses of the data and related technologies.

A second set of standards pertainsto attribute dataused
in GIS and other applications (National Research Council,
1994). Thesestandardsshould establish attributedomainsfor
commonly used attributesand establishametadatarepository
and national level datadictionary of dataelements. Thisstep
will facilitate data sharing and integration, and reduce data
collectionredundancy. A standardized datadictionary should
enable users to identify what data is available, where it is
located, and in what format it is recorded.

Data Acquisition Strategies

Even though collecting spatial data can be expensive
there are strategies and techniques to reduce these costs and
promotewider useof GISasaDSStechnology. Inparticular,
global positioning systems (GPS) and remotely sensed data
offer the potential to provide vast quantities of useful datafor
LDCs at relatively low cost.

Modern GPS technology allows users to utilize inex-
pensivedevicestorecordtheir position. By equipping agency
employeeswith GPS devices thelocation of objects of inter-
est can be recorded as aroutine part of employees’ jobs. By
investing in slightly more sophisticated, yet still affordable,
hardware and software employees can link GPS inputs di-
rectly to laptop computers that can record specific attribute
data as well as a geographic location. Dugger (1997), for
example, showed how GPSand ground surveyscould beused
to create boundary maps showing the location of solid waste
disposal sites throughout remote areas in Thailand. Simi-
larly, Hightower et al. (1997) used GPStechnol ogy to collect
land use data and data on mosquito breeding habitats in the
LakeVictoriaregion of Africa. Inboth of these cases, person-
nel accomplishing field activities as a normal part of their

duties also used GPS to collect spatial data.

Another source of data for map creation is remotely
sensed datasuch asthat from aerial photographsand satellites
(Bhatt, 1992; Karnik, 1993).> A distinct advantage of re-
motely sensed imagery is that the maps created using this
technology areusually significantly lessexpensivethanthose
created using ground-based approaches. Pratt, et al. (1997),
showed that amapping project using RSI combinedwithfield
verification can significantly reduce costsfor datacollection
when compared tofield mapping alone. Anadditional advan-
tageof RSl isthat high quality datafor most partsof theworld
are available from both public and private sector organiza-
tions (Goodrich, Haar, & Mindreau, 1996). For example, the
Russian government has begun to sell satelliteimagery from
intelligence gathering satellites through commercial outlets.
At the sametime, NASA hasalso begun aprogram called the
NASA Commercial Technology Network® to promote the
useof NASA technology for commercial applications. Inone
project, data from NASA satellites were used by a small
coffeecompany inthe United Statesto produce detail ed maps
showing information about types of vegetation (e.g., coffee
versusother flora) and crop health (NASA, 1994). The maps
allowed managersin the firm not only to improve their own
understanding of the coffee market, but also to help farmers
and government administratorsin Central and South America
to better manage their agricultural resources.

RSI from commercial organizations have also been
usedto aid development effortsin LDCs. Haack, Craven, and
Jampol er (1996) used SPOT satelliteimagery to capture data
about the extent of urban expansion in Kathmandu, Nepal .
Similarly, Corbley (1997) used RSl to create resource and
man-made structure maps for urban planning and natural
resource managementinIndia. Infact, anincreasing number
of LDCshaveinvested considerable resourcesin developing
their own satellite-based remote sensing capabilities. Brazil,
for example, plansto invest more than $1 billion in satellite
technology over the next few years (Goodrich, Haar, &
Mindreau, 1996).”

The use of RSI for map creation offers several advan-
tages over other techniques. Images can be effectively used
toidentify the preciselocation of avariety of featuresaswell
as the characteristics of those features. Imagery is particu-
larly useful when used to identify physical features such as
roads, villages, natural resources, and other objects of physi-
cal interest (Wang, Treitz, & Howarth, 1992) making these
maps very suitable foundations for the previously discussed
national-level base map inventory. In addition, imagery is
alsouseful for comparing dataover time. InTijuana, Mexico,
for example, aerial photographs and maps from two time
periods were merged and compared to update and quantify
urban growth (Bocco & Sanchez, 1995).

Data Acquisition Palicies
Even with support for base map creation and technol o-
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gies to facilitate automatic mapping generating a complete
inventory of spatial data for national decision making as
described in Mennecke and West (1998) can be a daunting
challenge. Such an inventory should include topographical,
transportation, communication, education, defense, agricul-
tural, commercial, population, etc., data. Many LDCs will
lack the resources needed to engage in comprehensive data
collection strategies on their own. This subsection suggests
alternative arrangements for data gathering.

For example, organizations from developed nations
seeking to establish operations within an LDC will likely
havethewherewithal to collect datafor their own operations.
Therefore, when a LDC government lets contracts for tele-
communications, transportation, construction, etc., the con-
tract should include provisions requiring contractors to pro-
vide suitable datasets pertaining to thelocation and attributes
of the objects of interest (e.g., microwave towers, railroads,
mines, wells, etc.) in established formats. The permitting
process should be designed so that it is required that reports
be submitted using Gl Stechniques and that the organizations
include other data of interest as part of their survey or
development activities. The City of Raleigh in North Caro-
lina, for example, isinthe process of adopting thispracticein
that they will require that all new building and construction
permits include blueprints and maps in aformat compatible
with the City’s computer aided design and GIS systems.

LDCs can aso form mutually beneficial partnerships
with aid agencies, U.N. organizations, universities, and other
organizations that have an interest in supporting these coun-
tries. Pohl (1995, 1996) completed adigital mapping project
for Indonesia by integrating SPOT optical imagery and radar
imagery using digital image fusion techniques. This project
was funded by a European research agency, I TC, in coopera-
tion with the University of Hanover and the Indonesian
agency for surveying and mapping. When completed, Indo-
nesia took possession of high quality base maps for large
tracts in aremote portion of the country. At the sametime,
ITC and itsresearchers were able to test a new procedure for
doing mapping in tropical environments.

Organizational Characteristics:
GIS Management and Use

This paper follows in the path of Mennecke and West
(1998) by assuming that GI Sof interest to devel oping nations
will be true systems, part of organizational or governmental
processes that affect policy and behavior. To the extent that
this is true, it is necessary to readlize that a wide body of
existing research applicable to the implementation of infor-
mation systemsin general also appliesto theimplementation
of geographic systems. This research encompasses user
acceptance, managerial support, critical successfactors, man-
aging end-user computing, etc., and addressesthe managerial
and organizational issues discussed earlier.

MISGISInfrastructure and Planning

Robey and Sahay (1996) studied theimplementati on of
similar mission critical GI Sintwo county governmentsinthe
United States and observed two different outcomes with
respect to the success of the systems. They reported on the
importance of user training, user acceptance, and a planned
implementation as determinants of the GIS system imple-
mentation.

These design and implementation issues remain prob-
lematic in organizations with mature data processing depart-
mentsand experienced personnel. They could beexacerbated
in LDCstotheextent that they lack experienced personnel. It
is important, therefore, that good systems analysis, design,
and implementation practicesbefollowedin the construction
of Gl Ssystemsof the sort envisioned here. Furthermore, this
suggeststhat GI S need to be devel oped and established inthe
context of their intra-organi zational rolesastoolsthat crosses
departmental and organi zational boundaries(Gerland, 1996).
In other words, because location is an issue that most units
within local and national governments, aid agencies, and
commercial firmsmust address, it isimportant that acentral-
ized, top-down approach to Gl Sdesignisused (Mennecke &
West, 1998; Nedoviee Budiae& Godschalk, 1996).

Organizational Palitics and GIS Adoption and Use

There are several useful prescriptions for addressing
theissue of organizational political behavior that can be used
by L DCsattempting toimplement Gl Stechnology. Pintoand
Azad (1996) suggest that political behavior can be used for
positive purposes and point out that in the context of organi-
zational poalitics there are three broad groups of organiza-
tional members:

1. Those who are “naive” and believe that organizational
political behavior isunpleasant, it should beavoided at all
costs, andisshould beignored becauseintheend, thetruth
will win out;

2. Those who are “sensible” and believe that palitics is
inevitable, it can be used to further organizational goals,
and negotiation and bargaining should be used to maxi-
mize the potential benefits that may arise from political
behaviors; and

3. Thosewho are*sharks’ and believethat politicsrepresent
an opportunity to engage in self-serving and predatory
behavior.

To maximize the potential for successful GIS imple-
mentation in the face of political behavior, managers must
operate as sensible organizational actors by learning to view
organizational politics as a tool rather than as an obstacle
(Pinto& Azad, 1996; Pinto, 1997). Specifically, Pinto (1997)
suggests that managers should develop “appropriate” politi-
cal tactics, which means being sensitive to the concerns of
powerful stakeholder groups and developing strategies for
influencing and negotiating with political actors. To accom-
plishthis, managersshould consider the concept of “WIIFM”
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(What'sinit for me?) in order to identify the factorsthat will
motivate organizational actors who are likely to engage in
organizational political behaviors.

Although these suggestions are useful for project man-
agers and administrators who are managing specific GIS
implementation efforts, these recommendations do not ad-
dress the problem of how to implement policies and proce-
dures that will encourage these positive behaviors by indi-
vidual managers. To do this, LDC governmental organiza-
tions must take a more strategic view of positive uses of
organizational behaviors. The National Research Council
(1994) provided several suggestions for devel oping organi-
zational strategies for promoting successful inter-organiza-
tional partnershipsin sharing geographic data. Thesesugges-
tions, while designed for state and local governmentsin the
United States, have application for devel oping partnerships
with other organizations and for promoting positive uses of
intra-organizational political realitiesin LDCs. Specificaly,
their prescriptions, when applied to the context of organiza-
tional political behaviors, suggest that organizations must
develop policies that encourage the following:

1) Shared Responsihilities: Specific responsibilities for all
organizational participants who are likely to be impacted
by the implementation of the GIS should be defined and
agreed to prior to the project’ sinitiation;

2) Shared Commitment: The costsfor the GI S project should
be shared asequally aspossible by all of those partiesthat
are likely to benefit from the new system;

3) Shared Benefits: Benefits should bereceived by organiza-
tional members in a manner that is consistent with their
involvement and commitment to the program;

4) Shared Control: Control over the decision making process
should be apportioned in a consistent manner to the com-
mitment required of and benefitsreceived by each organi-
zational member.

These guidelines for developing GIS in a political
climatearereminiscent of Robey, Smith, and Vijayasarathy’s
(1993) research on therole of conflict and political consider-
ations on the implementation of information technology. In
their model, conflict resolution is considered to be an impor-
tant factor affecting implementation success. Anecdotal
evidence suggests that sharing benefits, control, etc. can be
beneficial for promoting GISuse. For example, Klein (1995)
reports on a successful collaborative development project
initiated by Tijuanaand Ensenada, Mexico. A conferenceto
discusstheroleand potential benefitsof GISinland manage-
ment led to ajointly devel oped and owned GISsystem. Early
efforts to identify and quantify shared benefits of the new
system were identified as a key influence on the project’s
success.

Figure 2: Variables Influencing the Propensity of LDCsto Use a Gl S-based DSS

Access to
Satelite
imagery \
Use of Improved Spatial GIS
GPS | Data Access, Relevance to
Technology 7| Availability, and Individual
Quality Decision
Making
Private/Public
Collaborative
Policy Initiatives
Propensity to GIS GIS
use a GIS- P Relevance to | Relevance to
based DSS « Decision - Agency
Shared Making Decision
Responsibilities Making
Shared Favorable GIS
Commitment [ —————3| Managerial and Relevance to
Organizational National
Political Decision
Shared Environment Making
Benefits
Shared
Control
Availability of
Trained Staff
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IMPLICATIONSAND FUTURE

RESEARCH

We conclude this paper with asummary of the factors
that affect the propensity to use GIS asa DSS technology in
developing countries. These relationships are drawn from
this paper and our earlier work (Mennecke and West, 1998).
Figure 2 illustrates our synthesis of the influence of these
variables — data and technology, managerial and political
considerations, and therole of Gl Sfor decision support—on
thepropensity of LDCstouse Gl SasaDSStechnology. Note
that we structure all of the relationships as direct in that
positive influences from factors such as access to satellite
imagery, shared benefits, etc., have a positive impact on the
propensity to use GIS.

Put another way, these samerel ati onships can be stated
more formally in a series of propositions and corollaries.
Proposition 1: GIS data access, availability, and quality in

LDCswill improve with increased access to
remotely sensed data, GPS technology, and
the initiation of collaborative projects with
private sector organizations.

Corollary 1A: The propensity of LDC governments and
support organizationsto use Gl S-based deci-
sion support technologies will increase with
greater access to GIS data

Proposition 2; The organizational political and managerial
environment in LDC governments will be
morefavorablefor GISimplementation with
increased sharing of responsibilities, com-
mitment, benefits, and control by stakehold-
ersin the implementation process.

Corollary 2A: The propensity of LDC governments and
support organizationsto use Gl S-based deci-
sion support technologies will increase with
the development of organizational political
environmentsthat arefavorableto GI S adop-
tion and implementation.

Proposition 3; Theoverall suitability of GIS asan appropri-
ate DSS technology in developing countries
is determined by the suitability of GIS asan
appropriate DSS technology for individual
and lower level decision making, agency-
level decision making, and national level
decision making.

Coroallary 3A: The propensity of LDC governments and
support organizationsto use Gl S-based deci-
sion support technologies will increase with
the overall suitability of GIS as a DSS tech-
nology.

These relationships are of interest as a foundation for
further research in this area but the fact is that considerable
new research remainsto be done. One of the most important
guestions revolves around the relative impact of individual
factors:\when different-factors:-move-in.opposite directions.

Work in this paper indicated, for example, that space tech-
nologiesand new GPS systemsareincreasing theavail ability
of high quality imagery and base maps for usein developing
countries. What we do not know, is how the availability of
more and less expensive data will affect GIS usage if the
availability of trained staff or theinability to generate shared
commitment or shared responsibilitiesotherwiseargueagainst
GIS usage. Future field research is needed to examine these
variablesin combination to better understand each variable's
role in influencing the success of GIS initiatives.

CONCLUSIONS

This paper concludes atwo-article sequence onthe use
of GISasaDSS technology in developing nations. Thefirst
paper (Mennecke & West, 1998) showed how GIS data has
theinherent capability of serving asthebasisfor anintegrated
decision support system at the highest levels of government
intheseareas. Thenatural relationshipscreated by the spatial
elements of GI S data provide connectivity and adata organi-
zation schemathat isnot ordinarily availablein conventional
database management systems. Further, modern hardware
and GIS software make this connectivity availability with
relatively small investments in software and hardware. In
combination, supporting awidespread national infrastructure
of GIS data has benefits ranging from the individual project
level to national policy making.

This paper, on the other hand, highlighted restrictions
on the ability to use GIS as a national level DSS due to data
access, managerial, and political issues. The paper also,
however, emphasized specific remedial steps to overcome
these difficulties. Itisappropriateto conclude by emphasiz-
ing that solutionsto these problems are available and that we
view the capabilities, opportunities, and contributionsof GIS
to be worth the effort necessary to ensure successful imple-
mentation. We hope that by surfacing these issues that
awareness will be raised amongst information systems and
other organizational researchers. Thisistruly arich areafor
conducting research on the adoption and diffusion of GISand
other information technologies. Our model should be useful
for highlighting many of the important variables that influ-
ence this processin LDCs.
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ENDNOTES:

1 A map's scaleis “the ratio of distances on a map to the
samedistancesinthat part of theworld shown onthe map”
(Clarke, 1995). Thetermssmall scale and large scale are
used to describe the relative values of the scales ratio; a
small scalemapisonewheretheratioislargewhilealarge
scale map is one where the ratio is small. In a 1:25,000
scalemap one unit of measure on the map sheet represents
25,000 units of the same measure on the ground. It shows
moredetail and isalarger scalethan a1:50,000 scal e map.

2 We cannot present this problem as the unique province of
LDCs. Prior to the year 2000, the General Accounting

Office reported that many U.S. state and local govern-
ments as well as the Federal government were behind in
Y ear-2000 preparationsfor thesamereasons(GA 0 1999a,
GAO 1999h).

3 Similarly, the United Nations has developed products
called PopMap and MapScan that are designed for use by
developing nations (Vu, 1996).

4 In addition to these issues, legal concerns have also been
shown to affect GIS data sharing. For example, King
(1995) reported on legal problems that impeded GIS data
sharing inthe U.S. While pragmatism and different legal
traditions may overcome these constraints in developing
countries, legal concerns may also pose potential impedi-
mentsin many LDCs.

5 It should be pointed out that there are problems associated
with using data from RSI. Data about land cover and
vegetation captured using remotely sensed are often diffi-
cult to classify because the spectral signatures of many
featuresaresimilar and difficult to distinguish (Pratt, Bird,
Taylor, & Carter, 1997). Asaresult, datafrom RSI must
often be examined at a macro level rather than at a more
detailed scale. Therearesimilar problemswith using RS
to track socioeconomic phenomena. In particular, Bohnet
(1995) notes that socioeconomic data possess properties
that distinguish them from physical data. As a result,
socioeconomicdataaremoredifficulttocollectusing RSI.

6 See http://nctn.hg.nasa.gov/

7 See http://www.dss.inpe.br/programas/cbers/ingles/
index.html for more information.
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