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ABSTRACT

Informal settlements are a chronic issue in developing countries. Management and formalisation processes
require good spatial data and analytical tools. While software such as geographic information systems
(GIS) arewidely available, access to good data and skilled users may be limited. In this paper we suggest
that digital multimedialearning tools, accessible viathe World Wide Web (WWW) may be part of the
solution. We present the rational e for, and structure of, asuite of prototype learning modulesfor
neighbourhood operations. Weillustrate the use of these operations by converting shack locations into
population density maps for the Imizamo Y ethu settlement near Cape Town, South Africa. This prototype
formsapart of alarger web site that al so includes background information, data sources and software.

1 INTRODUCTION

Solutions to problemsin the developing world are often inhibited by lack of accessto pertinent data, by a
shortage of people skilled in problem solving and even by restricted accessto materials for educating
people in appropriate technologies. There are often, of course, further impediments to implementation of
preferred solutions, but this paper is concerned primarily with the education process and hence limited to
the provision of the knowledge necessary for dealing with complex problems. More specifically, the paper
dealswith the potential of spatial information technologies, beginning with geographic information systems
(GIS). Such multidisciplinary and integrative tools are of special importance when problemsare

multifaceted. Thisis clearly true in the management of informal settlements.

Informal settlements (also known as "squatter settlements” and "shanty towns") are largely unstructured
and unplanned. They are acommon feature of developing countries and are typically the product of an
urgent need for shelter by the urban poor. As such, they are characterized by a dense proliferation of small,
meke-shift shelters built from diverse materials (e.g. plastic, tin and asbestos sheeting, wooden planks),
degradation of the local ecosystem, e.g. erosion, poor water quality and sanitation, and severe social
problems. Durand-Lasserve and Clerc (1996) suggest that as many as 70% of the urban residentsin

developing countriesliveinirregular or informal settlements.

The improvement of living conditionsin informal settlementsis one of the most complex and pressing
challenges facing devel oping countries today. Intervention to ameliorate such situations may be applied on
acontinuum of cost and sophistication. Intervention begins with the supply of basic servicesand utilitiesto

aleviate unsanitary and harsh living conditions and the formalisation of land rights to the extent that



legitimate landhol ders feel secure against eviction and the improvement of shelter. At the other end of the
spectrum, fully serviced housing with tarred roads and freehold ownership can be supplied. Thelevel of
intervention depends on the social, political and economic environment pertaining to each situation.

Inthe authors' experiencein Cape Town, South Africa, intervention by land administratorsin informal
settlements requires spatial and socioeconomic data collection and analysis far more frequently than for the
administration of a stable urban environment. The first stage of data collection and analysisinvolves
assessing the situation prior to intervention. This may involve an aerial survey along with some form of
socioeconomic census. If social conditionsin a particular settlement are particularly volatile, then it may be
necessary to conduct time series analysesto evaluate the changing nature of land occupation patterns and
the changing social dynamic of an informal settlement in order to make informed decisions about planned
intervention. The second stage involves using the available information to negotiate the sort of intervention
that is feasible with community representatives. The third stage involves measuring if the agreed
interventions take place in the manner ‘ agreed upon’ with the community by monitoring if the actual

pattern of land occupations matchesthe planned pattern.

Monitoring is required to see that agreements between land administrators and community representation
arefollowed. Thisis problematic because the community representatives may not have amandate to
negotiate a particular agreement on acommunity’ s behalf. Secondly, the community as awhole may have
objectivesthat conflict substantially with those of the land administration authorities, and consequently the
rules relating to a particular agreement may be manipulated. A number of author’ s have commented on the
complex and continually changing socia dynamic ininformal settlements (e.g Cross 1999, 1994; Davies

and Fourie 1998). Cross (1999) observes that in South Africathe situation is turbulent, sometimes violent
and the tenure generally insecure. Thework of Fourie (1993), Davies and Fourie (1998) and Barry (1999)
point to atypical informal settlement comprising aplurality of individuals, groups and sub-groups who
have conflicting interests and goals. They assume that conflict is inherent and natural in the relationships
between different individuals, groups and sub-groups within a settlement and between these entities and
external forces such asthelocal authority or an external hostile interest group. Asdifferent entities strive to
maximisetheir own goals and interestsin competing for power, land and resources, so the nature of the

tenure rules and practices change.

Ongoing education for participants from the community and land administration institutions in the role of
spatial information in theintervention processisanintegral part of that process. A prerequisitefor
intervention isaframework of up-to-date spatial information and a user community with both the skillsto
use specific software products and an underlying knowledge of spatial information science. AsHall et al
(2001) point out:



Many governmentsin developing countries....have mandated identification and diagnosis of urban
poverty as afirst means of establishing investment strategies to ameliorate the continuance and
spread of structural urban poverty in their societies. (p240)
Software, appropriate digital data, relevant educational materials and an existing skill base among
educators may all bein short supply in developing countries making rapid assimilation and application of
the technology difficult.

This paper briefly reviewsthe optionsin GIS education, including the learning theories which support the
concept of interactivity as akey processin effective learning. We then compare arange of available
software products, which can be used to support multimedia devel opment. We then describe the structure
and devel opment of one component module within alarger GIS learning environment
(http://www.geom.unimelb.edu.au/gisweb). Neighbourhood operations are conceptually difficult to some
students. Their application hereisillustrated through mapping of changesin population density in an
informal settlement. Finally we describe the other components of the web site— including links to data and
softwaresources - devel oped during this project — and discuss the viability of the World Wide Web
(WWW) as adelivery mechanism in developing countries.

2. GISEDUCATION

Since the emergence of GIS in the late 1980s, there has been a shortage of skillsinitsuse, at al levels. This
shortage has been identified in both developed (Tomlinson, 1993) and devel oping (Bishop et d, 2000)
countries. Raper and Green (1992) were of the view that the “technical complexity of GIS principlesand
their sophisticated implementation in a computing environment” make GIS implementation and operations
quite difficult to understand. They suggested that the addition of graphical art, images and animation to
traditional textual media and sound, “ offer an effective way of putting across the graphical concepts which
arevita to GIS’.

Geographic information science and geographic information systems entered University curriculain the
early 1980s and, because of these graphical concepts, were soon the subject of experiments with
multimedia as ateaching aid: Perhapsthefirst example of a Gl Stutorid package was ARCDEMO (Green,
1987). Thiswas followed by GISTutor (Raper and Green, 1989). This was about the same time as some of

the early— and lasting — GI S textbooks began appearing (e.g. Burrough, 1986). As the decade went on a
substantial body of texts covering the theory and application of GIS developed. These formed the backbone
of GIS education over this period. Teaching of GIS through the 1990s continued to follow alargely
conventional coursewith lectures on theory and practical sessions using either the latest technology from
the major vendors (ESRI, Intergraph) or more commonly much simplified products from university based
developers (MAP, IDRISI, macGIS).



In 1988 the NCGIA began to develop acore curriculum for GI'S education (Goodchild and Kemp, 1990).
Although not prescriptive with regard to appropriate delivery mechanisms, the NCGIA made little attempt
to develop the curriculum beyond atextua listing. That this was soon made available on the WWW did not
make it amultimediainitiative. Itisonly in the last few years— with the increasing use of the WWW and
increasing student pressure for distance learning— that new computer based instructional products have

appeared.

A further prominent player in thefield is UNIGIS, anetwork of Universities cooperating in the design and
delivery of distancelearning in GIS. The program was established in 1992 and now includes sitesin 14
countries. Students use printed aswell asdigital study materials. The digital materials are accessible only to
UNIGIS students (Hardwick et d , 1999). The University of Texas Virtua Geography Department, on the
other hand, treats the Web as a common resource and provides an access point for other curriculum

development projects around the world (www.Colorado.EDU/geography/virtdept/contents.html).

In our view, the addition of interactivity to multimediateaching tools allows students to better comprehend
how GI S processes work, through interaction with the maps, images and other information presented. The
use of interactive multimedia presentations also makes GlSdata ‘real’” by allowing students to understand
whereit fitsin the ‘rea world' (Cartwright 1998). Above al, multimediais a convenient method of

teaching GI'S concepts asit has the potential to effectively portray and communicate specific information
with which students have encountered difficulties (Cartwright 1998). Importantly, interactive multimedia
allows studentsto learn in their own time, at their own pace and to the level of detail that they require. In
addition to this, using multimediato illustrate complex operations prevents students from taking a ‘ black

box’ approachto GIS.

3. INTERACTIVITY AND LEARNING

Cognitive theories (Eklund and Woo 1998) suggest that there are four stagesin human learning:
Orientation - relating prior knowledge;
Coaching - apprenticeship learning;
Tuning - practice;
Routinisation - gradual increased student autonomy.

These stages form a cognitive model, which assumes that knowledge consists of unitsand links. The four
stages can be described in cognitive terms through the following processes:
Connection - weak links are created between old knowledge and new knowledge;

Accretion - knowledge is expanded with many new weak links created;



Articulation- links are strengthened while some are del eted;

Solidification - units and links are strengthened.

Cognitive theories need to be considered when creating Multimedia learning tools, and are particularly
relevant to the production of interactive instruction. Several cognitive theories considered in the production
of our interactive GI S learning modules were: Cognitive flexibility, Activity theory, Discourse theory, and
Conversation theory (Eklund and Woo 1998).

Cognitiveflexibility theoryis the belief that examining a concept from more than one perspective will
increase comprehension of the concept. Therefore presenting material in avariety of forms, such as

examples, case studies, interactive exercises, islikely to lead to positive and effective learning.

Activity theory emphasises interactivity between learners and material. It isaview of learning based on
theideathat human learning is mediated through practical activity.

Discour se theory also emphasi ses transaction between learners and material . Discourse theory considers
the users’' reasons for making ‘ connections’ between ‘links’, and how these ‘ connections' have some
individual meaning to the user. Thisisrelevant for learning based on navigation through an interactive
lesson. A users choice of navigation may be influenced by the task and the document structure, aswell as
the prior knowledge and intent of the learner. It isfor this reason that perhaps a simple interactive structure
of windows linked with ‘next’ navigation buttons may not be suitable, and more complex path structures

may need to be considered when devel oping an interactive lesson.

In the case of computer aided learning, conver sation theory characterises learning as interaction between a

computer and a human, where exchanges of information are termed a‘learning conversation'.

Constructivist theories have, in turn, been devel oped from these cognitive psychology principles
(Thompson et al, 1996). Constructivist learning theories place less emphasis on the sequence of instruction
and more emphasis on the design of the learning environment (L efoe 1998). Constructivist theories share
the beliefs that:

1. Learningisan active process of constructing rather than acquiring knowledge, and

2. Instruction isaprocess of supporting that construction rather than communicating knowledge

(Duffy and Cunningham 1996; L efoe 1998).

Thisisachallenging issue for multimedialearning environments, and has been an important consideration

in the design of the interactive GI S learning modules.



4. CHOICE OF DEVELOPMENT PLATFORM

Dalgarno (1998) reviewed anumber of tools for development of multimedia education tools. These were
evaluated for their ability to incorporate: (1) various mediaelements (e.g. sound, animation), (2)
interactivity (e.g. hot keys, searching), (3) feedback (e.g. analysisof text responses, scoring), and (4)

simulation and development of microworlds. The results of this assessment are presented in Table 1.

Thisanalysis suggests that the best capabilities for the use of media elements are provided by Toolbook,
Director, Authorware, and Hypercard. Director was found to provide the most animation options, including
straight and curved paths and automatic ‘inbetweening’ of size and position. Director was also found to
accommodate duplication across pages and the use of photos and bitmaps extremely well. Authorware,
Toolbook and FrontPage have the better support for providing navigation options. Both Director and
Hypercard were al so found to provide most navigation options, but would require the addition of scripting.
Toolbook and Authorware are the only toolsto provide questions with feedback without the need for
scripting. Therefore when using other tools (e.g. Director) for the provision of questions and feedback in
the creation of interactive GIS lessons, it is expected that additional scripting will be required. Generally,
simulations and microworlds are the most difficult to provide from an authoring perspective, asis reflected
inthereview of all six authoring tools. Toolbook and Authorware provide the best support for dragging
objects and specifying responses corresponding to where objects are dragged, whereas the other tools

require complex scripting (Dalgarno 1998).

Based on Dalgarno’ sreview, Director (Elley et a, 1997) was chosen for the initial development. This
reflects both existing software availability and the intention to concentrate on explanatory materials rather
than assessment materials. Both self-assessment tests and formal assessment procedures will beaddedin a
second devel opment stage. Director fares extremely well in providing capabilities for the incorporation of
media elements. For interactive elements and questions with feedback, additional scripting using Director’s
Lingo scripting language was required. For simulations and microworlds, Director would require complex
scripting— such development was not however included in this project. Finally, and of considerable
importance, isthe ability of aDirector project to be saved in aformat which isdirectly accessible from the
WWW with the free Shockwave plug-in.

5. NEIGHBOURHOOD OPERATIONS

The are many complex operationsin Gl S based data analysis which could benefit from a multimedia
approach. Based on our own experience of conceptual and operational difficulties experienced by students
we have chosen the generation of maps based on neighbourhood statistics as a developmental case study.

This module was devel oped independent of the informal settlement issue but isillustrated here with



examplestaken from the Imizumo Y ethu (‘ through collective action’ - Xhosa) settlement in Hout Bay near
Cape Town, South Africa.

Cell neighbourhood operationsin GIS are important when a situation requires the analysis of relationships
between locations, rather than the interpretation of characteristics at individual locations. Neighbourhood
operations are often referred to as ‘ Focal Functions' astheir action generates avalue for the ‘focus’ of a
neighbourhood. A neighbourhood, as defined by Tomlin (1990), is*“any set of one or more locations that
bear a specified distance and/or directional relationship to a particular location, the neighbourhood focus’.
The neighbourhood can be any size and may be circular, square (or rectangular), donut-shaped or wedge-
shaped.

Different statistics can be used to characterise scanning neighbourhoods. The nine statistical operations that
form the basis of the Neighbourhood Operations module are Sum, Average, Maximum, Minimum, Median,
Majority, Minority, Diversity and Range. Students have difficulty knowing which to use and especialy in
knowing which are appropriate for nominal, ordinal and interval scaled data.

The purpose of the Neighbourhood Operations moduleisto aid studentsin developing the skills necessary
to assess agiven scenario and apply the appropriate stetistical operation. On completion of the
Neighbourhood Operations Module, students should have a strong grasp of the conceptsinvolved in
Neighbourhood Operations. In establishing a multimedialearning module the options should be analysed in
terms of content, control and flow.

Content

It was determined that the M odule should therefore include:
Specific Theory: Introductory theory and concepts
Simple I nter active Examples. Examples demonstrating the computational methods covered in
the Specific theory.
Worked Examples: Realistic, more complex examplesillustrating the procedure involved in
applying the computational methods covered in both the Specific Theory and Simple Interactive
Examples sections (see Figure 1)
Questions With Feedback: Questions which require the student to apply the knowledge learnt in
the previous sections. The questions mu st be presented in asimilar fashion to the interactive

examples, so as not to confuse the student, and useful feedback must be provided.

Control
Asthislearning module is designed to enhance the learning of theory and concepts related to the use of

Neighbourhood Operationsin GIS applications, it is essentia to identify that different peoplelearnin



different ways. Thus, the design of this module needs to accommodate the varying levels of understanding

users may have of the material presented in the lesson.

Itistherefore essential to provide the user with an appropriate degree of control. The following general
control guidelines were established, and adhered to in the design of each of the components of the module,
and to the module asawhole:
Theuser should be ableto leave thelesson at any point they fed isappropriate:
Students may wish to complete alesson for various reasons, they may feel they are already
confident in their understanding of the material, or they may simply wish to completethe lesson at
alater time.
Theuser should be ableto begin any section of the module without having to have completed
any of the previous sections.
Students may wish to skip components of the module, or review components of the module that
they have already completed.
Guidanceasto the suggested direction of the lesson should be available: Regardless of
whether a student wants to skip or review sections of the module, it is required that the module
have a suggested flow. Thiswill guide students alongthe path, which gives complete coverage of
the material.

Flow

Based on the control guidelines and the required content of the module established above, the flow of the
module can be defined. Flow chartsare an integral part of the storyboarding, planning, and design process
involved in module development. They were useful in identifying content and control related i ssues and
have also been used as afoundation for the creation of the module and each of its components. Figure 2

showstheflow chart for the interactive examples section of the module.

6. NEIGHBOURHOOD OPERATIONSON INFORMAL SETTLEMENT DATA

Monitoring the population density of informal settlementsis one of the most common analyses performed
inland administration. Experiencein local administrative authoritiesin Cape Town isthat thisis most often
done by counting shacks on a series of anal ogue photographs taken at different epochs. We use the example
of Imizamo Y ethu to show how neighbourhood analysis can assist in understanding population growth and
distribution.

The Imizamo Y ethu informal settlement has grown rapidly through the 1990s. Agreementsto provide
formal, freehold land rights were initiated at the beginning of the decade, but owing to the volatility of the
situation registration only commenced in the latter part of 1999 (Barry 1999). Aerial photographs (both



conventional and digital) were collected for each year from 1992 to 1997. From these the outlines of shacks
and other building were either digitised manually or with the assistance of computer aided techniques
(Mason et a, 1997). Visual inspection of the shack distributions supports the impression of rapid growth
but does not immediately provide any quantitative data on changes in shack distribution and density.
Neighbourhood operations can assist in confirming the growth, quantifying the trend and analysing the
spatial distribution.

Figure 3 shows the distribution of shacksin 1997. The original shack polygons have been converted to a
2.5 metregrid. Thelower map isthe result of application of the sum statistic within a square 50 by 50
metre neighbourhood. The result was divided by 4 and the map then shows the percentage ground cover by

buildings. The shading showsincreasing proportions of ground surface covered by shacks.

M aking some assumptions about the typical numbers of peopleliving in ahut of certain dimensions (e.g. 5
people per 5m by 5m hut), the hut density can be readily converted to a population density map. Figure 4
shows the change in population density between 1994 and 1997. In this case a 1 ha (100m x 100m) square
neighbourhood was used. This produces maps with lessrapid variationsin value across the density surface
than in the 0.25 ha neighbourhoods of Figure 3.

7. DELIVERY OPTIONSAND PRODUCTS

The World Wide Web (WWW) has the potential for widespread delivery of educational materials.
Interactive web-based materials can meet the ideal s of constructivist theory and become a substitute for
traditional printed media such as the textbook (Marion and Hacking 1997). In South Africa, where good
communications infrastructure exists, | T-based |earning may al so be cheaper than textbooks. With the
current exchange rates, textbooks are not affordable for many students, since most come from Europe and
the USA. This may be another example of technology leapfrog such asis occurring in telecommunication
with the rapid adoption of the mobile telephone in developing countries. Institutions may become wide
ranging users of | T-based |earning without ever having developed substantial libraries or atextbook

culture.

In some other parts of Africatherewould be difficulty with web-based delivery. The AfricaVirtua
University, for example, prefersto distribute videotapes and uses satellite video links because the low and
slow web access levels. At the University of Josin Nigeriathey use aweb simulator with 4 gigabytes of
datawhich is downloaded and made available on the University’ sinternal network. The Director of the
Centrefor Lifelong Learning at the Technikon of Southern Africa, on the other hand, suggests basing
delivery onthee-mail system. He says:

10



Peopleliving in Africaoften have great difficulty receiving and sending even faxes dueto
problems relating to electricity supply, equipment maintenance, etc. Those people who have
access to electronic mail do however receive and send messages without much difficulty. (Paul
West, http://pgw.org/pw/)
Another option for sites without web accessisfor the same material to be compiled and distributed on CD-
ROM or DVD.

Assuming that, in almost any location, a suitable delivery mechanism exists, then we can bring the teaching
toolsto the potential users. Of great importance to effective use, however, isthe concurrent availability of
pertinent local data. Theory development needs to occur in an applications context. With thisin mind, we
have also developed an informal settlement web site (http://www.geom.unimelb.edu.au/informal) to
support the teaching module. Thisincludes:

Historical background on the devel opnent of informal settlementsin South Africaand

Imizamo Y ethuin particular

Digital dataand rectified aerial photographs of the siteincluding adigital terrain model on a5

m grid and shack outlines for the years 1993, 1994, 1996 and 1997.

Linksto othersources of digital data (e.g. the Cape Metropolitan Council in the Cape Town

area, and the digital chart of the world [DCW])

Links to GIS software sources—including free products such as ARC Explorer

Other published papers on thistopic

Someimages fromthe site and the region
Regular update of all materialsis essential asthe currency of data, software products and web-links rapidly

declines. Resource currency is afurther advantage of web-based delivery.

8. CONCLUSIONS

The work described here had several components. Our intention has been to show that:
=  GIScan beused to develop an understanding of the structure and structural changesin informal
settlements. Such knowledge isintegral to effective management
=  Web-based |earning materials can be dev eloped which facilitate understanding of the Gl Shased
analytical procedures.
It isassumed, but not shown, that wide-spread accessto the learning materials will eventually lead to
greater familiarity with GIS and its analytical procedures. Thisin turn should provide for greater
awareness of informal settlement issues and eventually better decision making by land administratorsfrom
negotiation phases through to designing and monitoring intervention processes.

1



Dueto the volatility of informal settlements, data collection and analysisisrequired frequently to ensure
that the de facto situation on the ground isin harmony with the record in the GIS. In adrawn out
formalisation process such as Imizamo Y ethu, anumber of different actors and institutions may collect
data. Education is essential for spatial information technology to be applied correctly and for all those
involved in the process to be aware of the role and importance of quality information.

Using GIS education in this context not only inforns peopl e about GIS but by working through these
examples, amanager can aso obtain aclear understanding of trends in the pattern of land occupation and
the likelihood of any intervention process achieving the objectives that the authoritiesintended. There are
significantly moreinteractive educational examplesthat can be created based on socioeconomic

movements, employment opportunities, socia networks and adjudication and recording of land rights.

Asmore people (at al levels), acquire GIS skills the technology will become more accessible and useful to
society. Following on, a better understanding of the principles will popularise GIS, leading to its

implementation on amuch broader scale.
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Table 1. Evaluation of multimedia development tools (P - poor, F - fair, G — good, E — excellent)

Authorware  Director Toolbook  Hypercard  Frontpage Visual
J++

MEDIA ELEMENTS

Positioningand sizing G- E G E F F G
Duplication of objects, G E E E G G
pages

Text E G-E E F-G G P
Photos and Bitmaps F-G E G G G-E G
Drawings E G E P P P
Animations G E G G F-G F
Sound G G-E E E G F
Video E E E G-E G-E P
Transition effects E E G E P P
Colour and Palettes G E E G-E G G
Window creation, sizing F F G P-F G F
and positioning

INTERACTIVITY

Text fields F F-G E F-G E F
Hot Keys E F G F P F
Menus G-E F G F-G F-G F
Buttons and Icons E G E F G F
Hot Spots E G E F G-E P
Hypertext E F E F E P
Media Controls G G-E E G G P
Ease of jumpingto page E G E G E F
Ease of creating Back, G G E E E P
Next and Previous

functions

Searching E P E E G P
FEEDBACK

Multiple Choice F-G F-G E F-G F F
Text answer E F E F-G F F
Numeric answer G F G F-G F F
Graphical response, such G F-G E F F F
asdragging and

connecting

Feedback for each G F E F F F
Response

Scoring G F E F P F
Control over attempts G F E F P F
SIMULATION

Selecting objects F F F F F F
Dragging objects E F-G E F F P-F
Drawing P P G P P F
Storing a“world” F G G F P G-E
Updating a “world” F F G F P G
display

Generating “world” G G G F-G F G-E
changes and Processing

data

Saving and loading G F G P P G-E
“world”

(source: adapted from analysis by Dalgarno, 1998)
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Figure 3. The 1997 distribution of shacksin the Imizumo Y ethu informal settlement (above). The
conversion of shack distribution to aground cover density map (below).
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