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Preface

Spaceis one of the key dimensionsofourlives. In someplaces, spaceis
rigidly controlled by suchclear features as fences, political borders, walls,
and school districts; and people arrange what they do and where they go
according to these barriers. These kinds of boundaries may not have been
erected in other places, but space remains equally important. Where can
water be obtained, where can crops be planted, and how far musta child

walk to school? Space is both an important resource and constraint for
everyone. It also has a substantial impact on education.

What does someone working as an education planner or manager do
about considering the effects of space on education? How doesthis
person quantify, analyse and display the relationships between geography
and education? How does he or she determinejust where education
should happen? These are not easy questions to answer, but use of the
tools described in this book will makeit easier to obtain answers.

A Geographical Information System (GIS) comprisesa set of tools
useful for processing spatial information. Asis true ofany set of tools,
muchofits effectiveness depends on the paradigm in whichit is used.
Education planners and managers with a stronginterest in the details of
education, in local conditions and local solutions, and in having their

efforts translated into tangible products, will make good use of a GIS.
Those with broaderinterests in policies, processes and central control will
not use a GIS to the same extent. This book has been designed to find
something of a middle road between those with a strong interest in
education and those with a greater interest in the technology of GISs. The
book seeks to bridge that gap by showing how modern computer
technology can be ‘user-friendly’ in a discipline that often avoids the use
of technology in looking for solutions. Hopefully, it will convince
educationalists who wonder whether a GIS can be useful that there is
muchto be gained. For those embarking on the actual developmentof a
GIS,this book provides introductory material to make clear the method-
ological principles and broad products to be expected from such a system.
And, for those who know a good deal about GIS, but wonder how to
apply the technology in an education setting, examplesof spatial issues
and questions in education should illustrate the potential value of the
applications.

This book describes the planning and developmentof a geographical
information system, explains the components necessary for a GIS and
presents a variety of examples of how a GIS map can be used in
educational planning and management.



Preface

Parts of this book will be published in a series of modules on school
mapping and microplanning. But given its wider perspective it was felt
necessary to makeit available to a wider audience.

Whilethis book is intended for those who might wish to develop and
use a GIS for education planning and management,it should also be of
interest to people working in other social sectors. Manyoftheprinciples
important to education are relevant to other services and processes
involving people.

Jacques Hallak
Assistant Director-General, UNESCO

Director, ITEP
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Chapter 1

Introduction

Education depends on a variety of resources. Some are tangible and
obvious: teachers, classroom facilities, textbooks, pupils, and money. Yet
others are less easy to define: political will, time in which to learn, and
parental support. Without these and other resources, people find it hard
to get the education they need or desire, and education managers and
plannersfind it hard to ensure that educationis effective.

This book focuses on a special resource — space — and looks at
methods of studying the relationship between education and spatial
issues. As with the other ingredients of education, some aspects of space
are more obviousthan others. All, however, are associated with questions
containing the word where. The following list of questions illustrates
some commonSpatial aspects to education:

° Where are new schools needed?
° To where can pupils move after completing their primary

schooling?
. Whereare schoolfacilities duplicated?
. Where are the best bus routes for transporting pupils to

school?
° Where are new teachers needed, or where is in-service

training required most urgently?
* Where should inspection circuits be created?
° Where do we expect population growthrates to be highest?
* Whereis the demand for education going to decline most

severely?
° Whereis there affordable land, with adequate watersupplies

_ and electricity, on which to build schools within easy reach
of pupils’ homes?

° Where cana teachers’ resource centre be built to be within
reach of the maximum numberof unqualified teachers?

These and many similar questions confront education managers and
planners almost daily. Unfortunately, such questions cannot be answered
as routinely, so answers are often only available after exhaustive and
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expensive research, or the decisions that are made are often less than
optimal. A major consequenceofthis is that educationalists seldom view
their activities through geographical or spatial spectacles. Schools are
built where they may notreally be needed, in-service training activities
could be offered elsewhere to greater advantage, and the chances of
pupils moving smoothly from one phase of education to another is
reduced. In short, scarce resources needed for education are not always
placed where they can be used mostprofitably, and people elsewhere are
deprived of these resources as a consequence.

Useofthe tools, philosophy and techniques described in this book
should help improvethe frequency with which better decisions are made
on where education is placed. Whatis certain is that these tools help to
make geographical perspectives to education morereadily available. They
also help to balance other perspectives. For example,politicians (having
strong and obviouspolitical outlooks on education) may debate forcefully
in favour of new schoolservices being provided to their constituents. The
introduction of geographicalor spatial issues provides such debates with
a more rational or objective input, allowing political stances to be
countered where needed. Similarly, a strong social perspective on
education could suggest that boarding accommodationat schools should
be abolished because ofthe socialcosts incurred by pupils living away
from their parents. Looking at the issue geographically may, however, add
different views by showingthatit is not possible for a majority of pupils
to live at home and attend schools where they are currently placed. As a
last example, a principal may request authority to upgrade his or her
school such that it provides a science curriculum. Looking at where this
request comes from could show, however,that there are several nearby
schools offering science courses andthatthese facilities are underutilized.
The same exercise might also showthat there are several industries in that
general area butthat vocationaltraining opportunities are in short supply.
It might then be more beneficial for the school to turn its energies to
providing vocational education.

Geographical perspectives are made possible only by looking at the
location of features and by knowing something about those features.
Mapsorvisits to areas show us wherefeatures are situated and how their
locations relate to the position of other features. Information about
features tells us what they are and what they do: a primary school, a
schoolhostel, a schooldistrict, a road, a home, mountain, electricity line,
or a political region. The following map (Figure 1) shows whyitis
necessary to simultaneously consider information about features (their
attributes) and their positions or spatial locations. The dotted line on the
maprepresents a river, while the arrows showsthedirection of flow. This
line and the arrows immediately tell us that land to the right of the map
is at a higher elevation than land tothe left or west. We will also know
that land on either side of the river is above the level ofthe riveritself.
Now,if we didn’t knowthatthis line wasa river, it would be impossible

to know something aboutthe area aroundthatriver.
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Figure 1. Mapof a school,river, lake, villages and anelectricity line
 

 

 

kilometers    
Likewise, we would have no way of knowing where the waterin the

lake came from without seeing that the river flowsintoit.
The samerationale can be applied to the school in the map. We can

guess that children from the homesaroundthe school have ready access
to education; those in homesfurther away must attend another school, or
spend muchlongergetting to school, or perhaps they can’t get to school
at all. Our interpretation of these circumstances may be guided by the
distances involved, as reflected on the scale of the map. Finally, we can
guess that better planning could have madeteaching at the schooleasier
by allowing for the provision ofelectricity. Assuming that the school was
built first, whoever erected electricity lines could have done a better job
by simply routing the lines past the school and allowing a short connec-
tion to be made. The samecouldbe said of the supply ofelectricity to the |
houses. In these examples, our geographic perspective is based on the
nature of the feature, its position and that of other features in the area. All
of this allows us to interpret for ourselves a set of circumstances or
processes: the river must be at a lower elevation, the river must feed the
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lake, elevations are higher in the east than in the west, the school does not
haveelectricity, some children don’t have ready accessto the school. Our
interpretations and perspectives through the mapare retrospective here
— we are looking at how things have cometo be the waythey are: how the
river carved its way through the landscape, and how someonebuilt a
school somedistance away from a large group of children. This may be
an interesting exercise in itself, but it would be useful to use the same
approach in looking forward and applying the same philosophy to
planning for the provision of education. It is easy to see that if a geo-
graphical perspective had been taken in planning the supplyofelectricity,
the school andits pupils would have beenbetteroff.

While the historical scenarios or planning about conditions in
Figure I are simple, they depend on fourcritical requirements. All four
haveto be place. Thefirst is the map itself, assuming that a visit to the

area could not be made. Second,is the information about the features on
the map — thatthe big building is a school, that the small ones are homes,
that the dotted line is a river, and so on. Thirdly, we have to know the
correctpositions of the features, such that the positions correctly relate to
those of other features. For example, our conclusions about the lake

would be quite different if the river flowed pastit. Finally we have to
processall this information — take it in through our eyes, and turn it over
in our minds to provide interpretations that are both logical and, for
planning purposes,useful.

For our purposein this book, the four requirements are in place — the
map in Figure J and the narrative in the last few paragraphs. However,
moreoften than not these components are absent; we don’t have a map,
we don’t know where schools are located in relation to villages or housing
communities, and we don’t have the time or interest to interpret the
relationships between all these features. Geographical Information
Systems (GISs) are about having these four components in place and
working together to provide useful geographical perspectives.

Whatare Geographical Information Systems (GISs)?

Geographical Information Systems are computer programmes
designed overthe past 20 years or so to store and process geographical
information. More specifically, GISs provide methods to capture and
collect such information, to store that information, to processit statisti-
cally and spatially, and finally to make that information available
according to the needs of whoeverrequiresit.

The capturing and collecting of information means that digital
descriptions are provided of what is on the ground andthat the digital
information is then stored in a systematic way in a database. Common
methods entail the copying of maps on a digitising table or tablet,
translating aerial photographs orsatellite images, and measuring the
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positions of features on the ground andthen entering those records into
a database.

Storage of geographical information is done in a database. In the
sense used here, a database is a collection of information stored in a
structured fashion so that the information can be retrieved and selected
accordingto criteria determined bya user. Asin a filing system, the user
can retrieve selected bits of information or documents, and these can be
retrieved mosteasily if the filing system has a systematic structure to it.
There are two important kinds of databases. The so-called flat databases
are those which exist alone, suchthatall information about an objectis
stored in the samefile. By contrast, relational databases are those that
provide information about the same object by drawing data from different
files. For a school, we could have oneflat file holding all information
aboutall the staff, buildings, and pupils, or we could have differentfiles
for each of these and allow the computerto selectively draw out relevant
pieces from eachfile.

The GISs provide a variety of options to process geographical
information. Most simply and fundamentally, they allow the user to
retrieve or enquire about information in a particular area. That informa-
tion may then be related to information about areas elsewhere, for
example, to determine the area from which a school drawsits pupils, or
to find the nearest source of water for a school. Alternatively, you can use
a GIS to quickly countall the houses in a catchmentarea around a school,
apply a figure that describes the average numberofinfants living in each
house, calculate the density of infants living in that area, and provide
projected enrolments for that school.

Having collected, stored and processed geographical information,
how does a GJS make useful information available? The quickest and
simplest is to have the computer draw a map or display the results on a
computer screen. Having donethis,it is also easy to print the results as a
map,or as a set of tables or graphs. It is perhaps the ease with which maps
and other products can be printed that really makes a GIS so useful. Maps
can thus beprintedof all schools offering a particular kind of curriculum,
or areas in which children don’t go to school, or land that is best suited
for a variety of reasons for building new schools. Likewise, lists of
schools for a particular area can be generated andprinted without having
to scan maps andtables trying to see which schools fall in the desired area
and which are elsewhere.

Considerthe following problem facing a group of regional educa-
tional planners, development planners and consulting engineers. A
developmentplan for a region calls for the installation of an electricity
trunk line from one point to another, with schools along that line being
given the opportunity of being linked to that power supply. All schools in
the area now offer only primary grades (Grades 1 to 7) and having
electricity would makeit possible for some schools to offer Grade 8 and
other secondary grades where teaching aids using electricity are required.
Amongthe questions to be answeredin this scenario: what schools within
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a givendistance of the proposed powerline can be upgraded, how far are
these schools from the main power line? How manyteachers in those
schools are qualified to teach secondary grades? Finally, How many
pupils could be enrolled in higher grades? Figure 2 shows someofthe
steps taken in answering these questions. First, you could create a buffer
area along the plannedelectricity line. This would be an area either side
of the trunk line within which connections to the trunk line could
reasonably be made, let’s say 10 kilometres. In Figure 2, the buffer area
extends this distance around the trunk. Next, you would overlay the
locations of schools to find those that are within this 10 kilometre buffer
area, in other words those that are near enough to benefit from the
development. The second step involves using enrolments to identify
schools that can be upgraded, those which already have high numbersin
the final primary grade (more than 50 pupils, in this example). Eleven
schools meet this requirement, and we can then call up a database of
teachers to count how many ofthe teachers in those 11 schools are
qualified to teach secondary grades. The result shows there to be 23 such
teachers. Another query showsthat there are 978 pupils in Grade 7 in
those 11 schools with more than 50 Grade 7 pupils. If the 978 pupils all
go on to Grade 8 in the next year when a secondary curriculum is
introduced, and the curriculum policy is such that the pupil teacher ratio
is 30:1, a total (978/30) 33 qualified teachers will be needed. This means
that an additional 10 teachers must be found or 10 existing teachers must
be given in-service training to teach secondary grades. The database of
teachers’ qualifications showsthere to be 97 teachers who canbereadily
upgraded to teach a secondary curriculum. Of course, the number of
qualified teachers will have to be expanded year-by-year as thefirst
cohort of secondary learners moves up from Grade 8 to Grade 9 and so on.

Additional expansion will also be neededif the 1,612 pupils in the
schools with less than 50 Grade 7s moveto enrolat the upgraded schools.

All of this information could beretrieved through your GIS, without
leaving the map and commandsof your screen. The information could
also be dispatched to printer, giving you a mapofthe area indicating
schools for potential upgrading, and printedtables for teachers’ qualifica-
tions and pupil enrolments. Finally, measurements can be taken on the
GIS mapto add up the distances over which connecting lines would have
to be run to the 11 schools. This provides the consulting engineers with
preliminary information on the materials needed andthe costs involved.
All this would have been difficult and expensive task in the absence of
geographic and database information queried through a GIS.
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Figure 2. Buffer area 10 kilometers wide around a proposedelectricity
line, and information about schools, teachers and pupils
within that area
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Asis true of so many computer systems,a great variety of different
programmesare available and many changes have been madeto these
programmesover the years. GISs are now cheaper, easier to run, more
diverse, and more powerful than they were 10 years ago. In addition,
geographical data in computerordigital format are often available from
‘various sources, so that a new GIS user may not have to spend great
amounts of time translating maps into digital formats to be stored and
processed in a computer.

School mapping

Asthis book will show, GISs havetheir greatest uses in the fields of
education managementand planning. Both fields have madesurprisingly
little use of geographical information. One major exception is school
mapping, a set of techniques and approaches that has a geographical
perspective of education at its core. School mapping has been strongly
advocated by the International Institutefor Educational Planning (ITEP),
Paris, and has a similar life span to that of GIS. It has developed over the

past 20-30 years from its origins in France where efforts were then needed
to provide additional secondary schools on rational, accessible and cost-
effective basis.

Often also called micro-planning, school mapping takes as its
departure point the philosophy of a need for detailed information and
planning at the local level, this being a more viable framework than
national or macro-planning. The approach seeks to probe beneath the
often, mythical regional average, by documenting micro-level variation
and planning accordingly. Its focus is on local conditions, local con-
straints, and local solutions. Three phases to school mapping are
required:a diagnosis of local schooling conditions, projections of needs,
and proposals for reorganisation. Regional, or even national, norms are
required against which to make proposals for reorganisation.

The most important goal of school mappingisto rationalize school
resources by using geographical units of analysis. Homogeneous zones
are identified, schooling problems and needsare analysed in eacharea, -
and proposals are madefor rationalization and reorganization in each
mapping area. These areas may vary in size according to the phase of
education being considered. School mapping areas for primary schools
are smaller than those for secondary schools, while mapping areas for
tertiary institutions can be very large. In all cases, however, the medium
of enquiry and analysis is through a map, to show areas and schools
where changesare needed, be they new school buildings, more teachers
or, possibly, even the closure of redundant schools. GISs have an obvious
role to play in school mapping by providing a geographical frame for the
work,by allowing large volumesof analytical informationto be available
for processing, and by making theresults readily available through the
medium of printed maps.
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While school mapping and GISs share the same philosophy of
looking at education through geographical spectacles, the area of focus for
school mappingis at the micro-level. GISs, however, enable the user to
workat any level, from the country as a whole, right downto individual
schools, and then right up again to any chosen level of geographical
aggregation. This movement, up and down,is possible at the press ofa
button because the programmesallow you to zoom in and zoom out to any
area within the country. In fact, it would be quite feasible to have a GIS

for all schools in the world. You could focus in on one school and the
streets around it, and then zoom out to a map ofall schools on the
continent or on the surface of the earth itself. National and even large
regional perspectives are easy to grasp because there are so few units to
rememberor analyse in our minds, but we often avoid greater detail
because there is too much to comprehend.Theability of GIS to focus on
any level means that we can immediately get to the details of education
— to the individual schools — without being overwhelmed by their
numbers and complexity. The ability to view education at so manylevels
should allow us to manage and plan educationto the greater advantage of
all concerned.



Chapter 2

The nature of Geographical
Information Systems

This chapter explores the basic features of geographical information
systems: how they operate and whatgoesinto them. Thereis a substantial
variety of GIS programmesavailable on the commercial market: some are
large and expensive, others are small and simpler to use. The programmes
are also run in several different computer environments and operating
systems. In spite of all this variety, all GIS programmes are organized
according to certain rules and principles. Learning how to use any of
these programmesrequires a clear understanding of these basic features.

In reality, a GIS is simply a method of producing maps and
processing geographic information. All that has happened in the modern
computer age is that new methods of processing map information are
available. Perhaps this is best explained by pulling apart what goesinto
a map, whatis on a map, and what is done with maps.

Whatare maps?

Mapsare usually flat pieces of paper on which objects are drawnto
show their location in the world. Assuming that the map is an accurate
representation of the world, the positions of features are correctly shown
in relation to each other. This is achieved by using units of measurement
or co-ordinates to place the features on the paper or map in their true
relative position. So people who compile maps(surveyors, cartographers)
go out into the real world, measure where geographical features are
placed andthentranslate these recordings into relative positions on maps
back in their drawing offices. Exactly the same has to be done in
compiling the sets of data that go into a GJS. Instead of positioning
features on maps according to their co-ordinates, the co-ordinates are
stored as numerical values in a GIS’s spatial database. You cannot have
a GIS unless you have geographical or spatial data. Different kinds of
spatial data are describedlater in this chapter and Chapter 3 provides a
description of how spatial data are collected.

In addition to the spatial information that is collected, recorded and
available on maps, mapsalso provideattribute orstatistical information.
Features are drawn in such a wayas they are immediately recognized —

il
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a river, a road, a school. Mostusually, symbols are used to denote their
attributes, such that a river is shownas a blue line, a road is symbolized
by a red line, and a school as a small block with theletter ‘S’ nextto it.
The meaning of the symbols is given in a legend to the map.

Theseare attributes of the simplest kind. More detailed maps often
give us additional information on the properties of features. The width of
the blue line might be drawnin direct proportion to the volumeof water
carried by theriver, the nameof the road might be printed next to it, and
a small graph or table next to the school may show how enrolments have
changedoverthe years. In principle, any kind ofattribute information
about features on a map can be collected, stored and be madeavailable on
a map. GISs do exactly the same. Attribute information is collected,
stored in the GIS and processedsothat it is made available according to
the needs of the user. So in addition to storing the co-ordinates of
features, GISs have ways of storing attribute information about those
features.

Onceall the information required for a map has been assembled,it
has to be drawn. That step may seem so logical and obvious that many of
us forget about the enormous amount of work, both of a technical and
artistic nature, that goes into the actual drawing. All the tiny contour
boundaries, the shading ofdifferent vegetation andsoil types, andall the
annotation has to be drawn on to the map. Good mapsprovidelots of
information, they are attractive to look at, the information is clearly
presented, and the lines and colours haveto besufficiently clear to be
reproducedby printers. Moreover, the maps should be as currentor up-
to-date as possible. In essence, the better the map, the greater the effort
that has goneinto its production.

Until recently, a draftsman would have to spend weeks and months
compiling a single map drawing. GISs fortunately make comparatively
short work of drawing maps. The computers that operate GISsare linked
to printers that can produce a great variety of colours, shading, and
lettering in any numberof fonts. Depending on the printer, maps can be
on almost any size of paper. The GIS usercertainly has to do a lot of
workin extracting the necessary data, making surethatit displays clearly
to meet the same requirements of maps drawn using conventional
methods. But the amountof time required to doall of that work is very
much reduced. Thisis true for two important reasons.First the GIS takes
care of plotting all the geographic features in their correct positions, so
that there is no needto use rulers and set squares to translate co-ordinates
on to a piece of paper. Second,and of greatest importance, new maps can
be drawn whenever new information becomesavailable. The factthat
most maps are out of date or were produced a good numberof years ago
is often due to the volumes of work, and hence expense, that would have

to go into producing more current versions.
For the education planner and manager whouses a GIS, maps can

be printed every year showing the distribution of schools, and custom
maps showing very specific sets of information can be produced quickly.

12
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For example, there may be a need to have a map showingthe distribution
of schools that offer particular subjects, or schools that have special
problems, or schools where building projects are currently underway. All
of this means that maps showing features of education can be printed on
a regular basis or as demandsarise. Maps can then becomeroutine tools
used in administering and planning education. In the absence of GISs,
very few educational authorities would ever bother to even think of
employing cartographers and draftsmen to produce such specific maps.

The last major point about maps concerns how they are used. The
geographical features and attribute information shown on a map depend
on what the map wasintendedfor in the first place. People read or study
maps to find their way, to find out where something is, or to gain a
general understanding of the character and environment of an area.
Cartographers and draftsmen, accordingly, produce maps with simple and
standard reference information to provide for such uses. GISs can do
exactly the same. However, maps can also be used to provide information
on relationships between different features. Simple examplesof this were
given in Chapter ] whereit could be seen from a mapthata river fed into
a lake, such that the river was the source of water for that lake, and that
certain schools could benefit from being close to a proposed electricity
line. The relationship betweenthe riverand Jake is a simple one. But what
about asking whether the water in that lake could be used to supply the
school with water? To answerthat question, it would be useful to have a
map showing possible routes along which a pipe could be laid to the
school. It may be logical to choose a direct line for such a pipe, but that
option could be more expensiveif it were discovered that the trench for
the pipe would have to be excavated through very hard types of rock.
Given this scenario, a map could be asked for showing costs of laying a
pipe along different routes, some from further upstream, others down-
stream, some over high or low ground, somethrough hard rocks, others
throughsofter soils. All of these alternatives can only be determinedif the
relationships could be mapped betweenthe length of pipe needed, the
kinds of rock, and the heights of the ground over which the pipe would
be laid. All of this can be done manually, but thousands upon thousands
of calculations would be needed. It would also be very hard to draw all
the results on to a map in a waythat would allow the engineers and school
administrators to make the best decisions. The analysis of these kinds of
relationshipsis a particular strength of GISs. The programmescan overlay
a variety of spatial and attribute information to calculate factors that
reflect relationships between rock types, the distance or length of pipe
from theriver andto the school, and the ground heights. This kind of GIS
processing involves analysing the relationships between different spatial
objects.

In summary, maps provide us with information on the location of
spatial features or objects, and give us information abouttheir attributes.
To do so, the maps have to be drawn andprinted and,of course, they have
to be used in a way which provides the information needed. GISs do all
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of these things, andit is as well to rememberthe similarity between maps
or mapping and the developmentand use of a GIS. Too often people get
so involved in the technical aspects of databases, programmes, processing
options, computer environments andthe like that they fail to recognize
that a GIS is simply a tool. Under those circumstances, a GISis unlikely
to give you the mapping information, processing and maps you needed or
wantedin thefirst place!

Spatial information

It is hoped thatit is clear by now that there are two distinct kinds of
information or data that go into a map andthusinto a GIS: spatial data
and attribute data. GISs always hold spatial and attribute data separate in
one sense or another, even though the user may not always see them as
separate. People who develop GISs, especially in developing countries
and for purposes of planning and managing education,are likely to spend
a good deal of their time initially assembling spatial data. This would
include the co-ordinates of schools, the boundaries of census blocks or
enumeration areas, political and administrative boundaries, the locations
of water andelectricity supplies, and the locations of roads.

_ Spatial databases consist of any number of spatial objects. For
example, a spatial database for school planning might consistof all the
schools in a region, roads, electricity lines, telephone lines, districts,
school catchment areas, census areas, water points and school hostels.
Each school, hostel, road, or school catchmentarea is treated and stored
as a separate spatial object, and each objectis labelled with a unique label
or geocode.

Geographic information is recorded using co-ordinates. These are
units of distance which determine where a feature is found. A variety of
co-ordinate systems are used by geographers, the choice of system
varying from country to country and accordingto the nature of the area
being mapped. In addition to recording the position of an object, co-
ordinate systems provide methodsoftranslating the positions of features
as they exist on the curved surface of the earth onto a flat piece of paper.
The mathematical rules for making these translations are embodied in
map projections. No single projection can accurately portray features
from a curved surface into two dimensions without causing some kind of
distortion, be it distortion in shape, distance, area or direction. Different

kinds of map projections and co-ordinate systems have been designed to
best map different kinds of areas. GIS programmes can handle most
standard co-ordinate systems andit is advisable that the developer of a
spatial database adopt some well-knownsystem at the outset, preferably
one used by others in the same country. This makes it mucheasier to
exchange data so that different sets of map information can be used
together.
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The GISsstore spatial objects in one of three ways: as points, lines,
or areas. The co-ordinates used to describe these three kinds of objects
differ. Point objects are described by a single set of co-ordinates, one
giving a unit of measurement along the x-axis and the other along the
y-axis (Figure 3). A point therefore has no dimensionorsize, it is simply
a point on the surface of the earth or on a map. Typically, features such
as schools, towns,villages, wells, trees, etc., are recorded as points ina

spatial database. This would bethe case for spatial data covering a large
area where there is much open space between townsor schools. However,
points would not be useful in detailed maps showing the lay-out of a town
or individualschool buildings. In this case, areas and lines would be used ©
to describe the streets, buildings and other components of a town or

school. Points are the simplest kind of spatial object in a GIS. They also
require the least storage space in the database, since only oneset of co-
ordinates and a label identifying the point as a unique object has to be
recorded.

A line is defined by twosets of co-ordinates, one determining the
origin and the other its end point. By connecting these pairs of co-
ordinates, a line tells us the distance between the two points and the
angular direction of one pointin relation to the other. In many applica-
tions, it is useful to have line segments linked to one another to describe
linear objects, for example, a road,river, or telephone line. Such a series

of linked line segments is usually called a polyline, although other names
are used, depending on the GIS programme. The joint between oneline
.and another is called a node. In building or compiling a spatial database,
you have to be absolutely sure that the line segments are actually joined
if they are to be recognized as being linked and thus part of the same
linear object. In other words, the two line segments have to share the
same node. Each line segment can have its own uniquelabel, or all the
lines that form part of one polyline can share the same unique code
number or name. An arc is a special kind of line segmentor polyline
where the lines between nodes may be curved according to a mathemati-
cal function determined bythe user and stored in the GIS database.

Areas are often called polygons in GIS terminology. They are units
that circumscribe distinct pieces of ground, for example:districts, regions,
census blocks or enumeration areas, land parcels, and catchmentareas.
Polygonsoften lie adjacent to one another and share boundaries, such that
two districts are next to each other. A series of lines are used to describe
the boundaries of a polygon, and the positions of the line segments are
stored using the same kinds of co-ordinates and nodes used for polylines.
Eachline therefore has to connect with the next and, to form a polygon,
the last line or segment has to join up with the origin of the first line
(Figure 3).
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Figure 3. The main kinds of spatial objects: points, lines and areas
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By doing so and thus enclosing an area, the GISis able to ‘recog-
nize’ the polygonas a distinct area and giveit a unique label. In addition,
the relationship between two adjacent polygonsis established by having
the GIS treat the border between them as a shared border. One useful
feature is that GISs generally calculate and make available to the user the
area of a polygon for calculations requiring estimates of density, land
value ete.

Most GISs now store and process spatial data in terms of co-
ordinates and associated rules for connecting them as lines and areas, as
described here. This is called vector data. Some programmes, however,
treat spatial objects as raster data. The area covered by the maporspatial
databaseis then divided into a numberofgrid cells, the position of each
grid cell being controlled bya set of co-ordinates identifying its location.
Thepositions of spatial objects are determined by whetherthey are in or
out of a grid cell. A point object would comprise ofonegrid cell, while
a line would consist of a numberof adjacent grid cells. Areas or polygons
make up a numberofgrid cells covering the desired area (Figure 4). This
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approachis identical to the method usedin printing photographs where
each photograph is made up of thousandsoftiny blocks. The image in the
photograph is created by having some blocks dark andotherslight, as is
most easily seen in newspapers. Photographscan beprinted at various
resolutions and different resolutions can similarly be set for a spatial
database.

Figure 4. Points, lines and polygonsstored as rasteror grid information
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Note: The point and line in the figure on theleft are shown expanded using a

coarser resolutionin the rightfigure.

Figure 4 shows howa pointandline appearin grids using different
resolutions. A high resolution provides greater accuracy since the area is
divided into manycells, allowing objects to be more correctly placedin
their true positions. Raster databases are often very large, especially if
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high resolutions are used. Lots of computer memory is then required and
the processing of data can take a long time. Satellite images and aerial
photographsare often used as sources of data for GISs, and procedures
are then required for translating the raster information in these pictures
into a vector format (see Chapter 3). The individualcells or grid blocks
that make up these imagesare called pixels.

Even vector spatial databases can be very large if they hold
substantial volumesof detailed data. Of course, the more data you have

and the greater the detail, the more useful and accurate a set of data may
be. But these data requirements maystretch a computer’s performance so
that it grinds along, taking long andfrustrating periods to obtain results.
In principle, it is always good to be economical, only storing and
processing such data in a GIS database as are required for the task at
hand. Additional data can always be held in reserve, ready for use when
necessary.

Whenbuilding databases of polygonsandlinesit is always useful to
consider the numberofline segments that are required to draw bound-
aries. This is especially true for large areas, such as the provincesin a
country, where the boundaries are long and convoluted. The same holds
true forrivers. If you were to draw all the tiny bendsin the river courses,
you would have a very accurate database, with thousands or millions of
nodes. If you then combinedorover-laid this data with, say, a database
of roads along the rivers, you would have very reliable information on
how the positions of roadsrelate to those of the rivers. But you may suffer
because these data take a long time to be processed and printed. A
compromise, giving you sufficiently accurate information on the position
of a river and boundary, would entail smoothing or generalizing some of
the minor curves so that fewer lines and nodes are required in the
database. This is another reason for recording boundaries between
polygons as being shared (Figure 3); the system only has to store and
process the co-ordinates of oneset oflines.

The GIS programmesuse a variety of techniques to store spatial
data, and for most users the details of how and where data are stored are
irrelevant. However, one general feature common to many programmes
is that they organize the data into layers. A good waytothink ofthese is
to imaginea series of transparencies, with one set of map information
being printed on each sheet: oneforall the roads, one for districts, another
for schools, and onefor rivers. If you were to putall the transparencies
together, lined up correctly so that each one covers exactly the same area
of the earth, you could easily count the numbers of schools in each
district, and see all the points where bridges might be neededfor roads
cutting across rivers. Many GISs process data in an analogous fashion,
especially when analysing the relationships between different spatial
objects. In addition, the analogy oflayers is helpful to the user in thinking
about how spatial data should be organized. Some programmescall
different sets of spatial data ‘layers’, but many others refer to them by
other names.
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Points, lines and polygonsare the main kinds of spatial data found
in all GISs. Some GISs, however, treat several other kinds of objects as
spatial data. All are really drawing aids, designed to make map production
easier by linking various graphical and spatial objects. Annotation sets of
data determine how and wherelabels are placed on maps. For example,
an annotation record can ensure that a label for a school will always be
placed on the map drawing above andto the right of the point marking the
school’s position. It may also determine the height, font and colourofthe
label. Symbols are graphics used to symbolize whatdifferent objects are
on a map: little square building for a school, a dotted blue line for a
river, waves for a lake, etc. In drawing a map, the GIS can plotthe size of
the symbolin proportion to the object’s attributes, for example, a larger
square building for a school with high enrolments, and a thinnerline for
a road carryinglittle traffic.

ManyGISsconstruct index files to go with the spatial databases. As
the name suggests, these files contain information which speed up the
sorting, finding and processing of spatial data. Thesefiles are seldom the
direct concern of the user, but it is useful to know that they may be
created by the GIS, and whatthey are called.

In some countries, national committees and other bodies have been
set up to establish data standards which help to ensure that spatial data
conforms with certain requirements. These usually stipulate that data
should be captured according to predeterminedlevels of precision and
that these levels be clearly described in documentation that accompanies
the data. Similar issues include the original source of the data (for
example, the date and authorof the paper map from whichthespatial data
were copied), the nameofthe person and organization whodigitized the
data, what software was used, and the extent to which all data were
actually collected (for example, wereall roads andtracks digitized or only
those of a certain class). Clearly, spatial data accompanied by good
documentation will be used more correctly and for the most appropriate
purposes.

Attribute information

Attributes of spatial features are as diverse as are the ways in which
they can be thoughtof and then described. For a school, as a point object,
attributes may includeall the statistics collected about that school, for
example, enrolments, pass rates, levels of teachers’ qualifications,
numbers of classrooms, and the subjects taught at that school. All the
records of all the students that ever attended the school could also be
attributes. Through a GIS, you couldthen select that school and search for
and retrieve the records of a certain student that attended the school in a
given year. Information collected aboutthe surrounding catchmentarea
could also be held as attributes of a school, for example, the levels of
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education of parents, projected enrolments for the next 15 years, or
information on the availability of water.

The sameprinciples hold for polygons and lines. In an education
application, you may have a set of polygons representing census
enumeration blocks. For each block, attributes could be generated by
aggregating information recorded during the last census: numbers and
proportions of children at school, levels of income,estimatesoffertility
and mortality rates, proportions of homes with children at school but not
havingelectricity so that students would find it hard to do homework.
Lines around schools often represent roads, some of which might present
traffic hazards to children on their way to and from school, while others
might be used as busroutes. In the latter example, you may want to know
how manystudents arrive at school along different routes. The number of
children being transported along each route would form anattribute for
each road stored as a polyline in the GIS.

While the great majority of attribute information is treated and
analyzed as numeric and character data which describe a spatial object,
other kinds of attribute information can be used in a GIS. For example,
a photograph can bestored in a digital format and then be linked to a
spatial object. Likewise, architectural plans of buildings could be linked
to a school. In fact, anything that can be stored in a digital format
(documents, video footage, pieces of sound, drawings) can be treated as
attribute informationif it is related and linked in a GIS toa spatial object.

Althoughit is quite easy to thinkofall the attribute information that
can be linked to map objects, it is very much harder to manageall that
information. GISs approachthis task in essentially two ways. Thefirst
and simplest way is to build all the attribute data into the GIS’s own
databases. Each spatial object would then have a record listing all the
attributes provided for that object; for example, total enrolment, type of
school, principal’s name,etc. To dothis, the data have to be entered into
the GIS’s database, either manually or by importing the data into the
system.

Some GISs have their own proprietary ways of storing data, so once
the data are in the system it might not be that easy to change or manipu-
late them. Another, and more flexible approach available in many
programmes,is to simply store the data in a standard database programme
and then to have the GIS link with and access these data (Figure 5).
Examples of these standard databases are dBASE, Oracle, Sybase,
Informix, Access. This approach allows ready use of data stored for other
purposes and managed by other people. For example, an education
department may havea separate financial databaselisting all expenditures
at schools. You could then link mapped schools with that database to
create a map showing average expenditures on textbooks per pupil. For
the same map,it would be very useful to draw on an external database of

population census records to analyze and find areas with very high levels
of income around schools where government spending on educationis
also high. Such an analysis could highlight schools where greater cost
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recovery could be considered. Connecting GIS spatial data with attribute
data in external databasesisalso useful in allowing one to have different
sets of spatial data use the sameattribute data. By way of example,
separate sets of spatial data on schools and hostels may both require
access to a databaselistingall staff employed by the education authority,
so that both staff working in hostels and those employed at schools can
be retrieved through the GIS.

Figure 5. | Linking spatial and attribute information in a GIS

Spatial information

No. of
Code No. of Grades No. of class-
No. Co-ordinates Name teachers offered pupils rooms

1001 Xp Vi School A 6 1-5 197 6

1002 Xo» Yo ' SchoolB |. 4 1-4 6

Xa Ya School D

Xs. Ys School E

Attribute information

Facilities Teachers

No. of
Code No. classrooms Code No. Name Qualified

1001 6 1002 Voigts yes

1002 6 1004 Gunning

Note: In the top table, attribute information has been mergedinto a set of

data on schoollocations (x, y co-ordinates).
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The two tables above are separate but linked to the spatial informa-
tion using a unique code for each school. For example, facilities and

teachers in School C are linked and highlighted to the spatial information
for that school.

The GIS attribute information stored in databases such as dBASE
and Oracle have to obey the rules used by these programmesfor data
formatting and management. Fields have to be established for each
variable, the type of variable (character, numeric, date, etc) has’ to be
specified, as well as the length of the field. Another advantage to using
these databases is that other programmes can be used to process and
manipulate the data beforeit is linked to spatial data. For example, data
can be exported to a statistical programme to perform multi-variate
analyses and the results for each object can then be exported back for use
in your GIS.

Attribute data are usually managed on a one-to-one basis with spatial
objects, each object being linked with oneattribute record, or on a one-to-
many basis. The example of drawing on a databaseofstaff at a school
would be a one-to-manyrelationship, a selection being made on one
school to find the many people workingat that school.

Databaseslisting attribute data are most robust if you have different
files holding separate kinds of information. These arerelational databases,
links being set between the files so that different kinds of related
information can be selected from eachfile. The links are established using
commonfields or codes. For a school, one file may list details about all
the teachers, each line or record listing a name, and his or her age,
experience, qualifications and so on. Another file would list all the
subjects and the classes in which the subjects are taught. The teacherfile
would have a code field which carries a unique code numberfor each
teacher, while thefile listing classes and subjects would have the same
field giving just the code numbers for the teachers whoteach the subjects
in each class. For example, the code for Teacher x would be recorded in
the three records which show him orher giving mathematics in Grades4,
5 and 6, and the two records which list Geography classes in Grades 7
and 8. Linking these twofiles, using the codes for each teacher, would
allow youto select the qualifications and experienceof all the mathemat-
ics teachers in the school, orto list all the namesofthe teachers that teach
Grade 5,or to select all those classes and subjects that are taught by under
qualified teachers in the school. Whatis key in relational databasesis that
there are fields or codesto link the sets of data, a code for the class and
subject, and a code for the teacher in our example. While relational
databases are often hard to understand, they are much moreefficient than
so-called flat files where large volumes of data have to be repeated
needlessly. In this example, each record for a subject and class would
have to list the name of teacher, his or her experience, etc. so that the

same information about the same teacher would haveto be repeated for
each class and subject taught. Relational database structures are also
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helpful in forcing one to think about how data should be organized into
logical groups to serve the purposesof having the data in the first place.

Geocodes

The key to organizing data on relational basis is having distinct
codesto join or link different sets of data. This brings usto a point that
is critical in any GIS: you haveto relate your spatial data with attribute
information. Theserelations are achieved by having each object labelled
or knownby a unique code which can then be usedto link it with attribute
information. These codesare often called geocodes and may be generated
by the GIS programme automatically as the spatial database is compiled.
Alternatively, and better, the user can create his or her own unique codes
which are likely to be more sensible and easier to link with attribute
databases elsewhere. For example, the organization (usually a central
Statistics office) that conducts a population census will have its own
unique code for each census enumeration area. Whoever compiles a
spatial database of enumeration areas shouldusethat organization’s codes
to label and identify each census polygon. Likewise, most education
departments that collect statistics from schools process and store those
statistics using unique codes for each school. Having these same codesin
a set of spatial data on schools allows very easy linkage between the two
sets of data.

The most important point about geocodesis that they are unique to
each spatial object. Muchofthe functioning of a GIS dependsonthis,
since the spatial information that describes the location of an objectis
linked to that code. Index files used by a GIS to find andsort spatial data
use these codes, the annotations and symbols used to draw objects are
linked to the codes, and of course all attribute data is associated with
spatial objects using geocodes. Any effort made to ensure that there are
no two objects having the same code will be worthit.

Knowing aboutdata structures

Different GIS programmesstore and file their data in different ways.
Some havea file for each, set of spatial data, one for schools, one for
roads, and onefordistrict council areas, etc, Others put these data sets
into separate directories, while others store them all in the same database
file or in what is called a table space. Several programmes use a data
dictionary, this being file that lists all files, where they are stored and
whatdata sets they contain. The dictionary is used to link differentsets of
data. The details of how each programme organizesits datafiles are not
important here. What is important is that you makethe effort to under-
stand how these structures work in the programme that you choose to
work with. You needto find out where differentfiles are stored, and what
files have to be associated with each other. Look at the data dictionary if
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one exists, and make sure all the right files are listed. Because of the
nature of their processing, GISs often create temporary files which are
deleted at the end of a session. However, these files may notbe deleted,
especially if an error is encountered.It is then wise to delete unwanted
files and to ensure that the computer’s memory does not become clogged
by redundantfiles and data.
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Chapter 3 -

Developing a Geographical Information
System (GIS)

Planning a GIS

The developmentof a GIS requires that several steps be taken. Somewill
be big steps, others will be small. And much will depend on how robust
and useful you want the GIS to be. What is most importantis that careful
thought be given at the outset to what products the system mustdeliver.
The delivery of these products needsto be stressed all the time, from the
initial planning and right throughall the development work. Failure to do
so may well result in the system being distracted by the very process of
building a GIS, or being wrapped upin the technicalities of what different
programmes and computers can and can’t do. It is much too easy for
people working with data systems to becomeso engrossedin capturing,
processing, manipulating, and converting data that products to be
delivered by the data fade from any part of the whole exercise. Likewise,
computer .system managers may spend so much time comparing,
acquiring and configuring new machines and programmesthatthese tools
seldom get to do the job they are supposed to do.

Careful and clear thinking about the products you want will tell you
what data are required, what computers and programmesmust be bought,
what people you will want to involve, how muchitis likely to cost, and
how long it may take before the first products can be expected.It is
widely agreed that many, many more GISsare started (the computers are
bought and the programmesare loaded) than ever produceresults. This
is simply because the products are neglected and too many opportunities
are givento the system being hijacked by the process of GIS develop-
ment. A particular danger in developing countries is that donor and
development agencies readily supply ideas, computers, programmes,
consultants and even data to build a GIS, but no oneis present to
conceive of and deliver the products.

Accordingly, some questions you have to ask, and makesure they
get answered! Why should you want a GIS? What questions do you want
a GIS to help answer? What maps do you want produced? What should
be on those maps? Whendo you wantthat information? Who will use the
information? Let’s go through someofthe steps in asking and answering
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these questions. Let me also hasten to say that what follows will not, and
cannot, give you the answers. All that is intendedis that it may help you
to think through the answers you require for yourself.

Why should you want a GIS? Perhapsthe best material in this book
to help answerthis is in Chapter 5 where various GIS applications are
illustrated. Answers will be biased by the overall direction you wish to
take, for example: micro-planning,centralized planning, management of
school facilities, school building or in-service training programmes.
Central to all of these interests is a need to look at education from a
geographical perspective. I also dare to say that it requires a real interest
in the details of education, with a real interest in asking where schools are
located in the country? Were peoplelive that don’t go to school? Where
schools are that need help? Where schools really have to be built? etc. A
GISwill be ofinterest to people who want answersto these questions.It
will not be of interest to those who don’t ask these questions.

Very many education managers simply want maps of schools to
know where schools are located so they can get to them. Being able to
produce updated mapswill be very satisfying to these users. The maps
will also have to present an adequate amountof reference material to help
orientate the map reader: majorroads, town and village names, rivers and
other landmarks. Other users will ask how various education indicators
vary from region to region, and they will want maps that highlight
regional disparities and differences. These people will want to explore
variation in a whole range ofindicators: cycle times, unit costs, pupil:

_ teacher ratios, qualifications of teachers, enrolment rates, gender
disparities, etc. In a similar vein, central level managers mayask for a
geographicalanalysis of education, an atlas of education, to inform and
stimulate discussion on how education is provided. People responsible for
building schools could ask many questions that a GIS can help answer:
Whereis there suitable land for a school building? Whatsite will best
serve the maximum numberof children? What water and electricity
sources can be used for the school? Is a new schoolreally necessary in
light of enrolment changes and projected population changes? Can
another nearby school be expanded rather than building a whole new
campus? From whereare teachers likely to be recruited for a new school?
and whatare the costs of building on different potential sites? Curriculum
planners may ask for maps showing how the provision of different
subjects varies from place to place, how schools can be rationalized so
that pupils can movelogically from one phase of education to another, or
how teachers can be transferred between nearby schools to provide better
subject choices.

Having decided what you wanta GISto do for you, the next stepis
to ask how it can be developed. While it can be assumed here that you
have to develop your own system,it will be worthwhile checking whether
there are existing GISs in your country or region that can give you the
products you desire. Examples of people and organizations that might
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have useful systems are discussed later when sources of geographical data
are examined.

The development of a GIS requires that you obtain data for the
system, equipment (one or more computers, printers, a digitizer),
software, and people to do the work. These requirements are discussed in
Chapter 4. What is importantis that you are able to plan to put these
pieces togetherat the right time andin the right sequence. Logically, the
larger and more complicated the system planned, the longerit will take to
develop before useful products are delivered. A large system will need a
sophisticated computer system and software which might take several
weekstoinstall and configure, and several months may pass before the
operators of the system have been adequately trained to use it effectively.
Likewise, large data sets will take long periods to collect and integrate.
The most rational method is to develop a system progressively, starting
small and expanding as the system proveseffective and other sets of data
can be built into the system. For example, a GJS could start off by
producing simple thematic maps showing how educationalindicators vary
from one region to another. A small computer system, on which people
can be trained readily, with simple sets of spatial data showing the
regional boundaries and indicator information would achievethis readily.
From this point of proven use, othersets of data can be added progres-
sively: a set of point data on the locations of all schools and attribute
information for schools from education censuses, polygons showing the
boundaries of other administrative units, geographical and attribute
information from the most recent population census, information on water
supply and other services, etc. Another approach would be to build a
comprehensive system for one region and then to expand that to other
areasas time and resources permit. Staff developmentcan follow a similar
course, starting off with one person to lead and develop the system and
adding others when necessary. One major benefit of starting small is that
the system’s growth can be driven by demand, allowing one to avoid
having to justify a large supply-driven system that perhaps does notlive
up to full expectation.

Thefirst steps will definitely be the mostdifficult part of developing
a GIS. The staff may not know whatto do or howtostart things effec-
tively, collecting and building the first databases will be troublesome,
choosing the right computers and software will be a headache, and so on.
One goodsolution is to simply hire suitable expertise to get everything
going. Such a person need not knowa great deal about education, but
should give the best advice on what to buy, how to get the equipment
configured and operational, and how to buildthefirst sets of data. Having
such a person working hand in hand with the staff allocated to GIS
development will give these people suitable training and give them
confidence in taking the system’s developmentfurther.

Having argued that GIS development should be demand driven as
far as possible,it should be recognized that a good deal of marketing will
probably be necessary to cultivate an audience and group of users for a
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GIS. I say this because most education planners and managers are
_ unlikely to be aware of the benefits and products of a GIS. These people
will have to be shown and convinced that much information can be
supplied through maps, and that geography adds new and complimentary
dimensions to other aspects of education. In all likelihood,it will take
someeffort to break through the dogmathat regional averages are the
only useful pieces of information, and thus to encourage an interest in the
details of education. This is the same kind of dogma that prevents a ready
movement in approach between central planning and micro planning.

Users of GIS information are therefore not likely to come queuing
at your door on day One. Rather they will emerge from various sectors as
the service becomes known. Twoproductsthat will generate interest and
demandwill be simple thematic maps showingvariation in indicators, and
‘road-map’ type maps showingthe positions of schools in each region. In
-planning a GIS, think about whowill be using the system and how they
might respondto its development.

A final integral part of your planning process is to consider what
data will be needed. Self-evidently, answers to this question will be
determined by whatissues are of interest, what products are expected,
whatdata are either available immediately or will have to be collected,
and what regions of the country are of interest. Assembling data into
databasesis often the lengthiest, most frustrating and mostcostly part of
getting a GIS going. The following section explores these aspects in some
detail.

Building sets of data

You may ask: Why‘build’ sets of data? The concept of building is
rather appropriate to what happens in compiling information into a
database:the pieces-‘need to be assembled; they needto fit into a design;
once put together the pieces often mean much more than they do
individually; it often takes a fair amount of time to collect and fit the
pieces together; the process has to be done systematically; and a final
structure must be kept in mind. Asin a building, the GIS developerwill
be dealing with different classes of building material or data. For our
purposes, these fall in two broad groups:the sets of spatial data (school
locations, fensus enumerationareas, roads,anddistricts, for example) and

the sets of attribute information (for example, demographicstatistics,
enrolments, teachers’s qualifications).

Sources ofspatial data

There are five main ways of obtaining data to build a spatial
database: getting the data in digital form from someoneelse,digitizing
maps, scanning maps, translating satellite images and aerial photographs,
and byusing global positioning systems (GPS) to record co-ordinates on
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the ground. Thefirst method is used preferably because given the costs
of collecting your ownspatial data using the remaining four techniques,
it is always advisable to spend a good dealof time investigating what data
mightalready be available. There are no clear guidelines on this, but the
longer you look for data the more ofit you are likely to find. GISs are
developing at a rapid rate in most parts of the world, and many organiza-
tions now have information that is relevant to the needs of an education
GIS. District, region and other administrative boundaries are often
available since they provide reference points for mapping work in many
different sectors. For similar reasons, the positions of towns andvillages,
major roads, railway tracks, power lines, water canals and pipelines,
rivers, and lakes are often available in a digital or GIS format.

Sources for these data will vary from country to country. The
national survey office is the logical first call to. be made. GISs have
developed earlier and at a faster rate in the environmental fields, so
organizations such as geological surveys, wildlife conservation depart-
ments, meteorological services, water supply agencies, and agricultural
and forestry departments will often be valuable sources of spatial data.
People operating GISs in these organizations will also know ofothers
doing similar things. For population census information, the national
central statistics office may have maps of enumeration areas, health
departments should have digital maps of clinics, and transport depart-
ments may have spatial databases on the roads in the country. Non-
governmental and commercial organizations should not be missed, for
example town planners, land surveyors, geological exploration compa-
nies, and civil engineers.In larger centres, computer vendorsselling GIS
software often know aboutsources of data and may even have somedata
available themselves.

In manycases, spatial data provided by other people and organiza-
tions may not be exactly what you want. The degree of resolution may be
too great or it may be too coarse, or information from one part of the
country may be missing, for example. Nevertheless, these data are often
useful in getting you going and in providing your maps with background
reference information. Depending on the organization, you may have to
pay for the data and even sign an agreement which restricts the use of the
data to certain conditions and for particular purposes. Becausespatial data
are often costly to collect and compile, many people are now investigating
how these data can be subject to copyright regulations and how the data
can be used commercially. Swapping of data is also done routinely, such
that one organization exchangesa set of data for anotherthat it wants. If
you are developing a set of spatial data on individual schools in your
country, you may think of swappingit for other data. Few other people
are likely to have digital information on the positions of schools.

Chapter 4 discusses some points which provide guidance on the
choice of GIS programmes. One of these concerns the compatibility of
data created by different programmes. The worst thing is to have a system
which cannot use data produced elsewhere. While many programmes
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have data conversion facilities, some data could get lost or be corrupted,
and a substantial amountof effort may be required to do the conversions.
So, it is most important that the data be provided in a format that your
system can use directly or readily convert into a useable form. Essential
points to rememberare that you know the data formats your system can
handle, what conversion possibilities exist, and that you enquire what data
formats can be produced by the system providing the data to you.
Standard and widely used formats used for moving graphical and spatial
information between GISs include DXF(digital exchange format), DLG,
and ArcInfo ‘e00’file formats.

Because spatial databases vary greatly in their degree of precision,
it is wise to have a good idea of what kinds of resolution were used when
the data were compiled in the first place. It is always possible to change
the data from fine to coarse levels of precision, but the reverse can’t be

done. Having coarse data is useful because computers can process the
information and print maps more quickly. A coarse setof datais fine if
you only want to have rough thematic maps to show how indicators
compare in different regions of a country. That database will, however,
be unreliable if you want to superimposethe positions of schools and be
sure that every schoolis correctly mappedin the region of whichit is an |
administrative part.

Asa last step in securing data from another source, request as much
documentation as possible to provide information on the precision, map
sources, authors, and extent of coverage of the data. This information may
be available in terms of national standards established in the country in
which you are working. .

Digitizers are the most widely-used methodof collecting raw spatial
data. These tools enable one to trace features on mapsandthen transfer
the co-ordinates of the traced information to a computer. An electrical
field of conductors under the surface of the digitizing tablet provides a
digital grid of co-ordinates. A map is mounted on the tablet and the
position of any feature on the map canberecordedin relation to the co-
ordinates of the underlying grid. This is done by pointing a stylus at the
feature to be copied and then pressing or clicking the stylus. The tablet
and computer record the exact co-ordinates at the point at whichthe stylus
waspressed. Point objects are recorded bya singleclick to record their
positions, while a line is traced by moving the stylus along the line and
pressing the stylus wheneverthe line changes direction. To trace an area
or polygon, the stylus is moved successively along the area’s perimeter
ensuring that the last node is at exactly the same point asthefirst node.
The number of nodes or points digitized is always dependent on the
judgementof the person doing the digitizing, since only he or she can
decide how often to press the stylus along a curved line. More points will
give a smoother and more accurate curve, while fewer points meanless
data to process, less time spent doing the tracing and a jagged, less
accurate feature.
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Once a maphasbeenattachedto a tablet, reference points for the co-
ordinates have to be recorded. The way in which this is done will vary
from tablet to tablet, and will also depend on the software used for
digitizing. At the very least, two reference points haveto bestipulated,
each as a pairof x,y co-ordinates. The most useful co-ordinates to record
are those printed on the mapitself, perhaps latitude and longitude or
another co-ordinate system in metres or feet. These reference points
provide a scale for the grid, so that units of distance on the tablet are
translated into figures reflecting real distances or positions on the surface
of the earth: The points also control the orientation of the map, with
increasing values along the x-axis reflecting increasing distances in a due
east direction, for example. Needless to say, the map must remain firmly
attached in the samefixed position on thetablet for the reference points
to continue providing the established scale and orientation.

The size of map that can be digitized depends on the size of the
tablet, but even with the largest possible tablet you will,in all likelihood,
be digitizing several contiguous maps or sections of maps. Reference
points using the same co-ordinate systems and units become most
important here, because features on adjacent maps will have to be
correctly aligned and then joined. For example, roads and regional
boundaries that transect one or more maps will have to be matched-up
and joined correctly. This will be difficult to do if they have not been
digitized using the samescale and orientation. GIS programmes usually
provide various tools for joining features and other tasks requiring the
editing of digital features — these are discussed below. Likewise,
information traced from different maps will have to be transformed to the
same map projection and co-ordinate system. Even though adjoining
maps are usually drawn using the same mapprojections, their base or
standard lines of latitude and longitude will be different. Conversion .
programmesorutilities that accompany many GISsare usedto translate
data from one co-ordinate system to another.

Digitizing mapsis hard work, requiring days, weeks or months spent
bending overa tablet, carefully tracing the map features. The time spent
digitizing will depend onthe extent of features that must be copied and
the level of precision used in copying those features. It is best to set aside
a large block of time for any single digitizing session so that close
attention can be paid to where you are on the map, what features have
been done, what elements have to be re-done, and what can be done
during anothersession. It is also advisable to digitize all features that
belong to the same classin the same session. Many programmesallow
you to assignall the features traced to the same layer, so you can capture
all the roads and have them classified as roads immediately. Having
completed all the roads, for example, you can then moveonto tracing
other features on otherlayers.

Because digitizing is time consuming and thus expensive, and
depends upon the operator’s discretion in deciding how precisely features
are digitized, many people now use scanners to capture information off
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maps. These machinesare similar to photocopiers in that a light beam is
used to detect and record features of a particular colour or darkness on a
sheet of paper. Instead of translating this information into an image on
another piece of paper, scanners record the informationin a digital, raster
format which can be stored by a computer. A scanned image of a whole
map does not provide any intelligent information on what the digital
features are. For example, a scannedline could bea road, river, contour
line or regional boundary. Solving this problem requires that you either
systematically go through the digital image on your computerclassifying
the features appropriately, or that different laydrsof the map be scanned
and classified separately. The latter solution requires that copies of the
map mustbe available, each depicting a different feature: one for roads,

oneforrivers, etc. These copies are usually available as transparent films
which are used to provide separate colour layers for the original printing
of maps.

Satellite imagery is a rapidly growing source of spatial data. This
growth is due to the improving quality of images, because new andbetter
programmesare becoming available to interpret the imagesinto spatial
data, the costs of satellite images are becoming more reasonable, the
growing numbers of people whorealize the value of the images, and
because they provide recent informationthat is not available from other
sources. Satellite images are available as printed images andasdigital
information,the latter usually being stored on tapes becauseofthe large
volume of data. These are raster data, each grid block or pixel having a
certain colour or reflectance depending on the nature of the object
represented in the pixel. The size of each pixel varies according to the
resolution used bythe satellite imaging system: each pixel represents an
area of 10 by 10 metres in some systems, while pixels in other systems
depictlarger areas. An area ofgrass will be depicted on the pixel using a
different colour or wave length from that representing a road, or houses,
or water, or different kinds of tree species, etc. Image interpreters are
computer programmesthat scan through the image, recording the wave
length in each pixel, and classifying the pixels accordingly. The
programmesalso aggregate those adjoining pixels with identical wave
lengths into polygons or lines deemed to represent the samespatial
features. This is as much as the programmescan do, and people doing the
image interpretation then haveto assignattributesso that certain lines are
indeed roads, others are rivers, some areas are housing developments,
while others are identified as forests dominated by a particular kind of
tree. This latter process is called ground truthing and requires that the
attributes of objects in the imagesbe verified by visiting them on the
ground or using some other methodofpositively identifying what they
represent.

The use of satellite jimagery as sources of spatial data is likely to
increase, especially in developing countries. This is because manylarge
areas in these countries have not been mapped recently. Reliable
information on where people live is therefore not available, and rapidly
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growing human populations mean that new settlements arelikely to arise
and remain largely unknownin the absence of current spatial data. The
production of maps showing changes in population densities and
distribution has obvious and important implications for education
planners. Aerial photographs can be processed using similar procedures
to those used for satellite images. However, aerial photography is
expensive, covers smaller areas, and is not done as routinely.

Thefinal method ofcollecting data is to actually visit the feature on
the ground and to then record its co-ordinates, usually in degrees of
latitude and longitude. Thisis the traditional method of surveying areas,
the positions of features being determined using theodolites, survey
beacons and trigonometry. These older methods required specialized
knowledge and equipment. Fortunately, in recent years global positioning
systems (GPS) have becomeavailable as tools for obtaining rapid and
accurate co-ordinates. GPSsreceive radio signals transmitted by a group
of satellites orbiting the earth, decode the signals and provide a calculated
set of co-ordinates. The co-ordinates are displayed on a screen from where
they can be recordedforlater addition to a set of spatial data. Alterna-
tively, the co-ordinates can be stored in the GPS memory,along with
codes identifying each position, and then loaded directly into a spatial
database. Some GPS canstore thousandsof such points, allowing the user
to map very many features in any one session. A GPS can continually
record the position of a car as it drives along to map a road. For schools
in remote areas, GPSs provide accurate co-ordinates that would otherwise
be hardto obtain.

Cleaning and building spatial data sets

While someof the sources of data described here may provide you
with complete spatial data which can be loaded and directly used by your
GIS,the other methods usually require that the data be further processed
before they can be used in a spatial database. This is because digitized
and scanned data, satellite image data, and pairs of latitude-longitude
points collected using GPSs all comprise simple graphical data deter-
minedby sets of co-ordinates. There is no intelligent information to go
with them necessarily, nothing that classifies them as points, lines and
polygons in a spatial database, and nothing to give each object a unique
code. Steps must therefore be taken to ensure that each object meets the
requirements of one of these three types of features.

The details will vary according to whether you digitized or scanned
maps, or used image processing on satellite images, or recorded co-
ordinates using a GPS. However, each object will have to be processed
so that the GIS recognizes it as the object you intendit to be. Raster data
from imageshavetobetranslated into vectors if your programmerequires
that format. Points mustbe single pairs of co-ordinates with a label, lines
must be a set of nodes and internodes joined to each other, and polygons
must be closed. Different sets of data will have to be transformedinto the
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same map projection and data from adjoining maps must be joined
together. Someofthe data‘errors’ that have to be correctedareillustrated
in Figure 6.

Linesthat ‘overshoot’ the points at which theyeitherintersect orjoin
other lines mustbe eliminated, and lines that should join at a node must
be corrected to ensure that they indeed join.

Most GIS programmeshaveutilities which help identify and even
fix these errors for you. For example, any gap between twolines can be
closed by the programmeif the gap is narrower than a given distance.
Imaginea digital drawing with units of measurementin metres that covers
an area of several thousand square kilometers. Since an error of 5 metres
is likely to be unintentional, you could have the programmecorrect the
error without the correction having to be verified. Accordingly, the GIS
utility can scan the drawing for lines or gaps of less than 5 metres and
delete all the overshootsor closeall the gaps, as the case may be.

Oncea digital drawing or map is complete it can be loadedinto the
spatial database. This involves the GIS scanning through the drawing and
processing objects that meet the desired criteria. For example, you might

_ have a drawing of polygons and the programmewill systematically scan
through the drawing, recognizing and storing each polygonthat hasits
lines completely enclosing an area. Many programmesallow you to use
text items on the drawing to label and, therefore, code the objects
uniquely. Point objects can be shownas text item with the origin point
of the text (usually the left hand, bottom comer) being the actual position
of the text. Similarly, text items can be drawn inside polygons and the
programmethen picks-up each textentry as the label for each polygon.

Another major step to be accomplished while creating a spatial
databaseis to ensure that all objects are correctly classified, so that related

or similar objects will be loaded into the same database. Most GISsstore
objects of the same kind in the samelayer, theme or database. You thus

need to have all roads classified as roads, making sure that none of the
lines loadedinto the roadslayerare actually telephonelines, for example.
All schools, perhaps drawnas text items on your digitized drawing, must
indeed be schools and not townsor clinics. Great care mustalso be taken
to ensure that each object is appropriately and correctly labeled with its
own unique geocode. Typical errors include giving two objects the same
label, giving an object a label that does notfit correctly into the length of
the field assigned for codes, or neglecting to label one or more objects.
Theseerrors are often difficult to identify and correct, so attention to these
details will be well worth the effort.
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Figure 6. Sometypical errors in spatial data. There is a gap between
two polygons (Code, and Code,), there is a dangling line in
one polygon (Code,), one polygon is missing a code label,
and two polygonshaveidentical labels (Code,)
 

    
Each GIS programmehas its own requirementsfor cleaning data and

for loading spatial objects into its database. It will pay you well to spend
substantial time going through the manual and whateverother instructions
there might be to help get these important processes done. Failure to do
so will result in an incomplete or irrelevant database, causing you to
spend more time going overthe steps againto getit right.

Sources and managementofattribute data

From a GIS point of view, much moreattention is usually paid to
collecting and building sets of spatial data. While this bias is to be
expected, muchofthe spatial data will be rather useless in the absence of
good information about the spatial objects. Having good attribute

35



Education planning and management, andthe use
ofgeographical information systems

information will increase the value of your maps and spatial analyses
substantially, and, by good, I mean that the information should be

accurate, current and relevantto the results that the GIS is intended to
produce.

For education planning and management,therichest sources of data
will be from schools and other educational institutions, and from
information collected during population censuses and surveys. The former
are usually controlled by departments of education, while demographic.
surveys are usually run by central statistics offices. Many countries
conduct annual education censuses, a detailed questionnaire being sentto
each school on which the schoolstaff is required to report information on
enrolments, numbersof teachers and their qualifications, the number and
condition of classrooms, the ages and genderofstudents, the curriculum
taught at the school, pass rates, numbersof repeaters and graduates, the
provision of services such aselectricity, water and telephones, etc. In
processing these data, each schoolis usually given a unique code number
so that different sets of data can be stored and then joined in relational
databases. Muchofthis data can be usefully linked with spatial data to
examine geographic variation between schools, and Chapter 5 provides
examples of the kinds of results and insights to be gained from this
approach. Theeasiest way to ensure that these linkages can be made is to
use the code numbers given to the schools in the census database as the
geocodesfor schools in the spatial database. Any data collected during a
census can then be immediately linked to your spatial data.

School census data generally provides information on what is
happening in schools, while population census data provides information
on what happensin areas surrounding the schools, for example, on the
socio-economic characteristics of parent communities, demographic
trends affecting enrolment growth, and numbersofchildren not at school.
The form in which population census data may be available will vary
from country to country, depending on the formats used for processing the
data, confidentiality requirements that might prevent people outside the
central statistics office from obtaining the data, and the geographical units
of analysis. From an education perspective and for the kinds of analyses
that should be donein the educationsector, it is ideal to have spatial data
on the distribution of enumeration areas or censuslocalities, and then to
havethe attribute data available in as disaggregated a form as possible.
This will allow fine scale analyses and mapping to be done around
schools and other areas of interest. The principle here is that you should
try to retain as muchdetail in both the spatial and attribute data.It is
always possible to aggregate the data into large units of analysis as and
whenthese bigger areas have to be considered.

A variety of other kinds of attribute data will be of interest to
education planners and managers. Information on administrative
structures in different areas should be available, for example, the school
inspectors responsible for different areas, regional governing bodies, and
local leadership structures. Relationships between education and other
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social services, for example, clinics, créches, youth centres, vocational
training establishments, water supplies, telephone services andelectricity
supplies, can be examined by obtaining relevant attribute data and linking
these to your spatial database.

From a managementpoint of view thereis likely to be onecritical
difference between spatial andattribute data. This is that different groups
of people will probably be responsible for collecting and building the data
sets. In a well-organized and disciplined system this should not be a major
problem, but difficulties will arise if those who capture and process
attribute data see no value in making it available for GIS purposes.
Likewise,if spatial data sets are built without paying sufficientattention
to the availability and formats of attribute data, much of a GIS’s power
may be compromised. Close collaboration with those responsible for
collecting attribute information is therefore recommendedto ensurethat
appropriate data are available and that the GIS staff understand the
formats and analytical valueof the attribute data. Perhaps the ideal office
to place a GIS andits staff is in the section of an education department
that routinely conducts the education censuses.

Extracting and analysing GIS data

A GISserves no purposeunless information from it can be extracted
and analyzed. GIS programmes vary in how they allow you to extract
data, but several concepts are key. The first is that information can be
extracted either by searching for the data geographically or by selecting
attribute information that meets certain criteria. For example, you could
selectall schools in a part of a region by drawing a selection area on your
GIS computer screen and then having the GISretrieve all schools within
that window. Alternatively, you could apply selection criteria to an
attribute databaseto find all schools that offer English, for example, in a
particular grade. The GIS would then draw the positions and names of
those schools on a map. The secondis that combinations of approaches
are also used frequently, such that a set of schools can be selected as
spatial objects in one geographical area and selection criteria based on
their attributes can secondly be applied to retrieve those that meet your
requirements. Thirdly, selection criteria can be based on the relationships
between different sets of spatial objects. Schools, for example, can be
selected if they fall within or outside a specified range around other
geographical objects.

In simple selections of spatial objects, the GIS user draws a shape on
the computer screen and requests that all specified features within or
outside that shape are selected. Options allow for the selection of objects
thatfall wholly within or outside the area, or objects that are both within
the area and that have boundaries crossing that of the selection area
(Figure 7).
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Figure 7. Selection areas drawn on a map of schools (blocks) and
census areas (polygons) in the shape of a window,circle or
polygon. Spatial objects inside or crossing the boundaries of
these shapesare selected

 

as

 

      
Note: When using ‘inside’ selection criteria, only those objects that are

completely within the selection area are retrieved. ‘Crossing’, however,
also selects those objects that have their boundaries crossing the edges
of the selection areas.
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The area used to select objects can be any size on the map and
usually conformsto one of three shapes: a rectangle, circle or polygon.
Commandsavailable within the GIS allow you to draw any one of these
three shapesto specify the area you are selecting. Having established your
selection area, the programme then comparesthe co-ordinates of that area
with those of objects in the spatial database and then returns whatis
called a selection set. This is the set of objects selected according to the
criteria stipulated. Selections generally work on only one kind of spatial
object at a time, so the user has to specify whether schools, roads,
windmills, or clinics, for example, are to be searched for in the spatial
database.

Oncea selection set has been established,it is available for a number
of uses. It can be displayed on the screen, and printed or plotted.
Statistical and spatial analyses can be performed onit, graphs can be
generated,andit can be copied to anotherfile or spatial database. Further
selection procedures can also be applied to retrieve what would then be
a subsetof this selection set. These additional selections can either be
done spatially by refining the geographical area of interest or by using
attributecriteria.

Selections using relationships between geographical objects take a
numberof forms. Distancecriteria are established between objects in the
same way as you draw rectangle, circle or polygon such that objects to
be selected are either within, outside or crossing the boundaries of other

spatial objects (Figure 8). For example, you can select all those schools
that are within district mapped as a polygon,or find those schools that are
outside the transmission area of radio signals that could be used for
educational broadcasting, or find those villages that are within the
catchment areas of more than one school. Terms commonly used and
employed to describe operations that require analyses of relationships
between spatial data include:intersections, joins, unions, overlays, point-
in-polygon, and line-in-polygon. These terms vary from programme to
programme, and someoftheir analytical applications are illustrated in
Chapter5.
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Analyses of the geographical relationships between spatial objects Figure 8.
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Note: These involve overlays of points (A) or lines (B) with polygons, or overlays between different polygons (C). The

points and lines are then relabelled with attributesto show which polygonsthey fall in. Note, that a single line can
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Attribute information can be queried and selected in many ways. As
in the case of spatial data, selected attribute records are returned to the
user as a Selection set. The rules for doing so are the same as those used
for standard database programmes. Boolean functions which include,
exclude and join sets of information can be established to search for data
which meetcriteria using combinations of and, or and not. Othercriteria
select information based on values that are equal to, greater than or
smaller than certain limits. Additional fields can be added to anattribute
database into which the results of calculations can be placed. For
example, you may want to generate an indicator reflecting needs at
schools, the value for each school representing a calculation based on a
combination of indicators of need. Likewise, statistical programmes may
generate variables which reflect membershipofa statistical cluster.

Analysesof attribute data depend on the usefulness of the data and
the degree to which relevant questions can be asked of the data. What
must be madeclear is that the data will not produce results themselves, no
matter how voluminous the data files and no matter how powerful a
computeris used for processing.

Careful thought needs to be given to the issues at hand, what
questions are likely to yield the most interesting and topical results.
Statisticians often apply a ‘shot-gun’ approachto their data, tabulating the
information in every conceivable fashion. All that results from this
approach are very thick books containing hundredsoftables. Very few of
the tables can be digested, and even fewer can be understoodor inter-
preted. In generating maps from spatial and attribute data, pause to
consider whatdata is best seen on a map, whatusersarelikely to make of
the maps, whether the mapsare useful in raising issues, and whether the
spatial relationships shown on the maps makeanysense.

All of this requires that you understandthe spatial, and especially the
attribute data. The data have to be probed, graphed, checked, updated.
Whatdo these data really indicate, how much do the data vary from
school to school, how current are the data, are the data reliable, are better

proxies available for the same indicator?
Pay special attention to variation in the data, since variationis often

the mostinteresting aspect to question. Maps,after all, show how features
on the earth vary from place to place, and it is the attributes of those
featuresthattell us most!
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Equipment, software andstaff

Until a few years ago, GISsreally had to run on large, costly computers.
The programmes were both expensive and difficult to use. Since the
technology and philosophy behind GISs wasrelatively new, few people
were in a position to use or even to understand the advantages of these
programmes. Very little map information wasavailable in digital form, so
muchtime and moneyhadto be devoted to the capture and development
of spatial databases by those who venturedinto this area of work.

Muchofthis has changed. Relatively cheap personal computers now
perform soefficiently that they can run most GISs, there are very many
GIS programmesavailable on the market at reasonable prices, and the
programmes are mucheasier to use. The use of the programmes has
become common in manyapplications and countries, and it is now easier
to find and train people to do GIS work. These developments, and the
availability of a wide variety of spatial data assembled over recent years,
all make it very much easier for an education manager or planner to
consider developing a GIS. Nevertheless, decisions on what to buy and
whoto involve are never easy, especially when you are bombarded by the
persuasive talk of competing sales people. Hopefully, informationin this
will help you emerge from that assault having madethe best decisions.

While GISs run on a variety of computer operating systems, the
majority are produced to work on personal computers (PCs) running in a
DOSor Windowsenvironment. These kinds of computers will certainly
meet the needs of most GIS applications in planning and managing
education, and the discussion here is aimed ‘at these kinds of systems.

Larger computer systems (mini-computers or mainframes) are more often
used in natural resource applications where the volumeof spatial data is
usually many times greater than in the social sectors.

In making choices between the different options, it is important that
some kind of developmentstrategy be in place, such that the pieces that
are acquired and the steps that are taken fit into a sequence of develop-
mentthat is logical and likely to be successful. Several principles are
worth keeping in mind:
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Compatibility Equipmentand software obtained should be compatible
with other equipmentand software that mightinteract
with the GIS. This is especially true if spatial and
attribute data are to be exchanged between different
computer users in an education department.

Upgrading Open pathways should exist for further development of
a GIS. Both computers and software are improving at
a great rate, so try to ensure that whatever you buy
initially is likely to be compatible with future develop-
ments, Try to select the likely ‘stayers’ amongst the
many competing computer operating systems and GIS
developers. Keep away from anything that remotely
looks like becoming redundant.

Local support In theinitial stages of developing a GIS you may need
support from a variety of people outside your organiza-
tion; people to help configure the hardware,install and
provide training on the use of software, and other, more
advanced GIS users who can help with database
development. Having access to as muchof this kind of
help will be important.

The development of a GIS may cost a fair amount of money.
Spendinga little more money by buying good equipment and software
may cost moreinitially, but it will save time and money in the future.
Likewise, being able to hire decent people by paying them a goodsalary
will cost less in the long run because your products will be delivered far
more quickly. The examples in Chapter 5 should persuade you that
considerable savings can be achieved by using a GIS to help plan and
manage education. Hardware and software costs for a modest system,
consisting of a reasonable computer, small colour printer, and an
elementary GIS programme would probably amount to less than
US$5,000 in most countries.

Hardware

Three main pieces of hardware have to be considered: computers,
printers and digitizing tablets or scanners. The former two are absolute
necessities, while a digitizer or scanner will only be needed if maps on
paper have to be copied. Although the number of computers andprinters
will depend on the size of the operation, having more than oneofthese
items is always useful in case one breaks down,

In computer jargon, GISs are hungry for memory. The programmes
themselves are substantial in size, and spatial databases are often large.
Many GISs also create large temporary files on the hard disk while
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processing spatial data. It is thus advisable that the hard disk storage
capacity of a computer be large. GISs also require good quantities of
working memory, usually called random access memory (RAM) where
most processing of GIS data occurs. The more RAM available, the faster
the processing of data and the quickerthe results will be available. The
speed of the computer’s micro-processor(s) is another important
determinant of a GIS’s performance,andthefaster the better. If you think
of using a personal computer bought sometime ago, ensure that a maths
co-processoris available. In essence,it is worthwhile having a powerful
computer with plenty of storage capacity.

Another kind of memory is that used for processing of information
to and from the video screen attached to the computer. Since spatial
databasesare often built from maps drawn by a graphics programme(for
example, a drawingoflines, areas, points and text items), the computer
and screen need to display these drawings clearly and rapidly. More
importantly, the majority of products produced by queries and analyses
of GIS data are produced as graphics to be assembled into mapsfor later
printing. All of this means that an adequate amount of video memory
should be allocated to the video operations of the computer system. A
wide variety of video screens and controller cards for video displays are
available, varying in termsoftheir control of colour, resolution of display,
size, and the speed with which graphical information is displayed. A
colour screen is an absolute necessity because so much graphical
information is best viewed in different colours. The resolution and speed
of display by a screen should be as great as possible. Larger screens are
helpful in allowing more information to be viewed simultaneously. People
doing GIS work spend large amountsof time peering at their screens, so
high quality screens will improve productivity and reduce eyestrain.

The most important consideration in selecting printers is the size of
maps you wishto print. Large format printers are much more expensive
than smaller ones, but large maps are obviously more impressive and
useful. Having a colour printer is really a necessity. Portraying several
variables (for example, different kinds of schools, different administrative
boundaries) on the same map or showing howindicators vary from school
to school or region to region is almost impossible without colour. Dot
matrix printers are no longer a useful way of printing and should not be
considered for any GIS use. The following kinds of printing devices are
now used most frequently for printing maps produced from GISs:

Penplotters. Use pens holding different ink colours, now be-
coming less fashionable, but relatively inexpensive
for printing on large sheets of paper.

Thermalprinters Use special paper which is heated to produce a
range of colours in the printed image.
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Inkjet printers Contain ink cartridges of several colours, the
printer head shooting tiny drops of ink onto the
paper, mixing the inks to produce a range of
colours.

Electrostatic printers This technology is used by laser printers, an
electric current being used to apply an ink pow-
der (toner) to the paper.

The printer you buy will require various consumables, for example,
ink or toner cartridges, pens and, perhaps, special paper. Ensure that these
consumables are available locally and try to ensure that they will continue
being available.

High quality scanners suitable for scanning mapsto obtain spatial
data are specialized items of equipment. They are comparatively
expensive and should only be considered whenthere is a proven need to
copy substantial volumes of map information into a spatial database.
Large format digitizers, which are best suited to copying big map sheets,
are also rather expensive. And even if there is a need to develop your own
databases, you may only need the equipmentfor a relatively short while.
Onepossibility is to get another organization to do the digitizing and
scanning for you. This approach is becoming increasingly popular, butit
is important to specify several things clearly, for example, exactly what
digital data you want, what co-ordinate systems are to be used, and what
levels of resolution are required. In addition to saving on the costs of a
digitizer or scanner, you will also save on staff costs that go into the
training and then the long periods spentdigitizing and scanning maps.

Small digitizers, with a tablet size of about an A3 sheet of paper, are
relatively inexpensive and can be used to good effect on small maps.
Larger maps canalso be copied on them,butthis is tedious, requiring that
you successively digitize pieces of a map, calibrating and setting control
points for each new piece, and then joiningall the pieces together into one
drawing.

GIS and other software — making the right choices

A large selection of GIS software is now available. The choice of
whatto buy will be based on a numberoffactors, but the most important
of these must be the products that you wantthe system to deliver. Bear in
mind, also, that your future needs may be more demanding than you
currently think. For example, a small system capable of drawing simple
thematic maps might seem adequate for present purposes. However, as
the system develops and demands increase, you may find that its data
formats can not use information from other sources, and it can not
perform a variety of spatial analyses. SomeGIS programmesare sold as
modules, such that a basic system can be used to do manyof the simpler
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tasks while additional units for more advanced processesandutilities can
be added as demandsrequire.

This raises a second important issue: try to select a programmethat
is successful and popular. Software companies doing good business can
invest in future improvements and upgrades to their products. New
versions of software are compatible with older versions, so those already
using the programmes can immediately import their data and benefit from
the new developments. Several other advantages go with using
programmes that are in wide circulation: you are more likely to find
people using the same programme whocanhelp with initial develop-
ments, the programmeswill provide for standard data formats so you can
be more sure of being able to use data obtained from other sources, and
you are more likely to be able to find support from local computer
vendors. These are all important factors to consider in buying a GIS
programme,irrespective of whether a popular and well-known system is
chosen.

There are two other reasons for buying a programmethat has been
widely tested and proven. Oneis that the programme’s use of memory is
likely to be more easily configured. As mentioned earlier, GISs make
substantial use of a computer’s memory. However, both software and
hardware require that memory use and allocation be properly set or
configured, a requirement often easier said than done. The other reason
is that the programmeis morelikely to have standard drivers to communi-
cate with printers, digitizers, screens and other equipment. Drivers are
small software utilities that allow a programmeto correctly format the
information it sends to or receives from these peripheral pieces of
equipment.

Try to check how easy a programmeis to use, and whereits
strengths and weaknesseslie. Many GISs can achieve the sameresults,
but do so using quite different paths. GIS programmesalso differ in what
they do best: some are very good at producing maps, but are unwieldyif
they have to be used for digitizing; some allow easy accessto attribute
data in a great variety of database formats while others have rather
restricted access to other databases; some provide excellentutilities for
analysing spatial information but suffer in other respects, and so on.If the
people developing a GIS are to be working in isolation from other GIS
users and local support, ensure that the programmeis accompanied by a
goodsetof training manuals and other reference material.

A GISprogrammewill obviously be at the core of a development of
a set of spatial and associated attribute databases. However, several other
programmesprovide useful support and help extend the analytical power
of a GIS. Having a database programme which uses the same formatas
that used for attribute data in the GIS is particularly useful. This allows
the user to manipulate and analyze attribute information in a database
programme, an easier and more robust way than to use the utilities
provided by many GIS programmesfor the same purposes. Statistical and
spreadsheet programmesare also useful for manipulating attribute data.
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Used in conjunction with a GIS programme,they add considerable power
in making manycalculations easy to do.

Many GIS programmes come with a packaged programming
language. This is a piece of software that can be used to write your own,
generally small, programmes to customize someof the work you do, such
as various routine tasks. Advanced users often develop specialized
proceduresfor their own applications. Programming languages can also
be used to create customized menu structures, where the items listed on

the menus are your sets of spatial data, the names of regions in the
country, queries that you often run, and results that must be generated
frequently.

A final point concerning software is that you should look out for
third-party software developers of utilities and accessories to GIS
programmes. These are usually small enterprises that produce
programmesthat link up with and add to existing, larger applications.
Manyofthe utilities produced by these groups make routine or mundane
tasks mucheasier to perform or, indeed, extend the range of functions
performed by the parent programme.

Staffing — who will do the work?

While computers, printers and programmes may involve a fair
amount of money, the most expensive componentin having a GIS will be
the salary costs of those employed to operate the system. Over and above
concerns about costs will be the need to ensure that those asked to
develop and run a GIS actually do whatis required of them.

Processes are often as important as products in education manage-
mentand planning. GISs, however, are intendedto deliver products for
education planning and management,andit is therefore useful to involve
people whoare product-driven by nature. These are the people to ensure
that a GIS will deliver what it can. This is not to decry the value of

processes, since people will also have to be involved in the process of
developing a GIS and others will becomeinterested in the process of
looking at education through geographical perspectives.

In addition to selecting staff whoare interestedin the final products,
look for several other qualities. Attention to detail is important, especially
in the database development stage when mapsare being digitized, spatial
objects are being coded, and sourcesof data are being sought. A sustained
interest in what a GIS can do for education will also be importantto see
the whole developmentprocess through and to keep the system running.
While a strong technical ability has obvious value, the system should not
be led by technical interests alone. This is because technical challenges
will not be encountered frequently enough to maintain a desired level of
interest.

Even though GJSs are now mucheasierto use than previously, good
training and technical support for staff are needed. The concepts and
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approachesto GISsdiffer from many other programmes,soit is important
to lead people into this way of thinking. Once their thinking and
commitmentare there, sustain it with encouragement and whatever other
rewards can be delivered. Since many education departments are likely to
offer meagre salaries, there is a great dangerthat staff, once trained, will
be off to greener pastures. Having two or more people knowledgeable
aboutthe system will provide backups in the eventthat one person leaves.
Computers, programmesanddatabasesare often easier to replace than the
people who makeall these components work.

49



Chapter 5

GIS applications in managing
and planning education

Products that a GIS can deliver for an education managerorplannerwill
now be discussed. The selection presented here is not intended to be
exhaustive, but rather to illustrate the kinds of things that can be done
with a GIS. Three broad groupsof applications will be discussed: those
which use maps to display information about education, those that use
GIJSs for analytical purposes to derive information which would not be
readily available in other ways, and those that use GISs to provide access
to information systems. Some of the examplesreally apply to more than
one category. Manyofthe illustrations will be based on situations in
Namibia, the country where most ofthe author’s experience in developing
and using a GIS for education was obtained.

Mapping information

Asillustrated, maps are tools for providing information about
features on the earth’s surface, and, in this particular case, specifically
about education. There are, of course, other ways of providing informa-
tion about education:in articles and books,in graphs, lectures, and tables
of statistics, etc. What is useful about mapsin contrast to some of these
other methodsis that people often find them easier to read and the issues
easier to grasp. A table canlist all the regionsin a country, giving precise
statistics on how each region compares with the others. However, not
many people havethe patience and interest to scan all the numbers and
then interpret their relevance. The same information on a map, using
different colours to show howtheindicators vary from region to region,
is much morelikely to attract peoples’ attention. Maps also provide new
ways of seeing, understanding and interpreting information.

Amongst the least spectacular but very useful products from a GIS
are simple maps showing the locations of schools, their names, and
landmarks to guide people seeking those schools. Such mapsare seldom
available from survey offices or other mapping agencies. The ability to
produce these mapsis one benefit, but of greater advantageis the ability
to produce them to anyscale, for any region or area, and for any year,
according to the needs andinterestsof the user. Up-to-date maps can be
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produced every year as new schools are added to an education system and
others close down. Detailed maps can be drawn of schools within tiny
areas, such as in towns, showing names of the major streets. Maps of
areas used for the administration of education (such asinspection circuits
and school districts) or areas usedfor political jurisdiction can be printed
as the needarises.

In the GIS world,the ability to produce customized mapsis called
Automated Mapping (AM). This usually refers to the production of maps
on a regular basis as conditions change, for example, maps produced each
week showingthe positionsof traffic accidents during the previous week.
An equivalent process in the education world is to produce customized
maps showing the location and names of schools which meetcertain
criteria. Managers and planners often need to know whichare primary
and which are secondary schools, which have produced good and which
have poor examination results, what schools offer selected subjects in
certain grades so that new textbooks can be delivered to them, what
schools have yet to be connectedto an electricity supply — the examples
could go on and on. Given spatial data on schoollocations and appropri-
ate attribute information on these issues, the GIS user can simply select
schools meeting set criteria in'a given geographical area of interest and
draw the necessary maps.

In many developing countries, specific projects seek to improve or
reform conditionsin schools, for example, to improve facilities in schools,
to provide in-service training for teachers, to increase participation by
girls, or to improve school managementpractices, for example. While the
problemsthat these projects seek to redress may be clear, whatis not clear
is where the project’s activities should be targeted. In many cases,
considerable resources are wasted, providing activities and resourcesto

schools in areas where they are hardly needed, while more deserving
schools elsewhere remain in need. In these situations, GISs can be

important planning tools by mapping indicators of need to show just
which micro-areas require assistance the most. One example of this
approach is shownin Figure 9, where levels of qualifications of teachers
at schools in one area of Namibia are shown. The mapallowsoneto see
where teachers are poorly qualified, making it reasonably clear where
effective in-service training programmescould be delivered. The map
also shows some of the elements that might be important in deciding
where teachers’ resource centres could be placed so that a reasonable
numberof unqualified teachers could have accessto these centres.
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Figure 9. A mapof schoolsas points in northern Namibia showing the
average levels of teachers’ qualifications at each school
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Another example is shown in Figure 10. The project required that
US Peace Corps Volunteers be allocated to clusters of schools, such that
each Volunteer could provide in-service training to 20-30 teachers
teaching Grades 1-4. These teachers had to be within a reasonable
distance (about 5 kilometres) of where the Volunteer would be placed,
and should be teaching in schools that were deemed to be in need of
support, as gauged by a composite indicator whichreflected the teachers’
qualifications, class sizes, physical conditions of the schools, repetition
rates, and text book availability. A statistical programme wasfirst used to
derive this indicator for each school from school census information, and
a map wasthen produced to show the numbersof teachers and indicator
value for each school. An accompanying scale allowed one to immedi-
ately see clusters of schools which were ‘needy’ in terms of the indicator
and had the desired numberofteachers to be trained. Proposed clusters
could then be drawnascircles on the map.Finally, local school inspec-
tors, familiar with the schools and terrain, were given maps showing the
proposed clusters with the request that they confirm or reject the
suitability of the proposals.

Since the schools had been accurately mapped using global
positioning systems and the attribute data were quite current, most
proposals derived by this desk study were found to be viable. The region
in which the Peace Corps Volunteers were to be placed was about 100 by
300 kilometers in size. Some 600 schools werein this area and all were
potential candidates for having Volunteers placed nearby to assist in
upgrading their teachers. Twelve Volunteers were allocated to the region,
so 12 clusters of schools had to be found. In the absenceofa GIS,placing
the Volunteers would have been much moredifficult.

One approach would have been to simply ask local education
administrators to identify schools meeting. the desired criteria. It would
then have to be assumedthatall schools were known equally well by the
administrators, such that remote schools were not excluded by virtue of
their locations or conditions in them being poorly known. The chances of
this assumption being met were clearly small, given the size of the area,
the rural conditions, and numberof schools.

Another approach would have been to have had a team of people
visit all schools in the area, systematically collecting information and
assessing viable clusters. This would have been expensive, costing many
times more than the use of a GIS to achievea comparableresult. .

These two examples have used individual school information,
mapped as points, to show how indicators vary from one school to
another. From here it is easy to see how a GIS can be used to produce
maps for micro-planning or school mapping purposes.
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Figure 10. Map of schools using different block symbols to reflect
different measures of need for improvement
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Peace Corp Volunteer.
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Oneparticular difficulty in Namibia is that many schools do not
offer a full range of grades so that pupils are often unable to complete one
phaseof their schooling. Schools very close to one another often offer the
same range of incomplete grades, and there is often no school in the area
to which a pupil can proceed to complete higher grades (Figure 11). By
drawing onstatistical information about schools, maps can rapidly be
drawn to show what grades are offered, enrolments in each grade,
classroom availability, teachers’ qualifications and other kinds of

information that can be useful in suggesting changesto rationalize the
provision of education in a small area. In Figure 11, for example, two
schools have very small enrolments (E - 16 pupils, F - 34 pupils) and both
could be closed if the pupils moved to school B. The teachers at these
schools could also be movedto alleviate shortages of teachers elsewhere.
The range of grades offered at School B could be extendedif one or two
teachers were movedthere since it already has two permanentclassrooms,
has a water supply, and offers Grade 4. Moving pupils to that school and
adding additional classrooms would create more demand and makethe
provision of Grade 5, and Grade 6 and7 later, viable.

This approach to planning requires that the education planner
diagnose conditions in schools and surrounding areas on local basis,
deriving from that analysis proposals for a better organization of the
school system. Using a GIS, the work in preparing school mapscan be
speeded up considerably and often automated. Information showing
estimates of projected enrolments in areas surrounding schools can be
added by overlaying polygons, as can information on transport, water
supply and otherlogisticalfacilities.

In Figure 12, information for schools in each quarter degree square
of latitude and longitude has been aggregated by overlaying the positions
of schools on a grid of polygons, as shown in Figure 8. The objective in
this case wasto identify areas in which enrolments in Grade1, the first
year of schooling, have increased or decreased during the pastfive years.
Such an indicator provides an estimate of changing levels of demandfor
education in different areas. Schools in those blocks showing a recent
decline in Grade 1 enrolments are likely to see declines in the numberof
pupils in higher grades in the years ahead. This method of aggregation
was chosen as an ‘unbiased’ way of averaging information for nearby
schools. Each quarter degree square is 15 x 15 minutesof latitude and
longitude, or about 730 square kilometresin area.

Since these lines do not follow any political or administrative
boundaries, the aggregated valuesareless likely to be interpreted in terms
of political or administrative effects. These effects are one of the major
fallacies associated with regional averages where the average value for
each region is usually implied as being the consequence of a policy
specific to that région. Since there is usually considerable variation
between schools in a region, a regional average can often be more
artificial than informative.
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Figure 11. Informationthat could be used to suggest curriculum extensions
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curriculum. The thin lines are roads or tracks and the square
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Figure 12. Changes in Grade 1 enrolments from 1991 to 1995, per 15 x
15 minute latitude and longitude grid block
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The analysis used to produce Figure 12 used point-in-polygon
intersections of school locations (as points) with polygons marking the
boundariesof the grid blocks. The process simply involved ‘overlaying’
the schools and grid blocks and then classifying each school according to
the grid block on whichit lay. The same could have been done using two
sheets of transparent paper, one showing the schools and the other the
grid lines. By aligning the sheets so that they covered the same area, you
could countand classify the schools in each block. Theutilities provided
ina GJS makethese kinds of processes mucheasier to do, and with much
less chanceoferror.

Although regional averages often carry with them great dangers of
misinterpretation,it is hard to avoid using them whentrying to summarize
a volumeofstatistics. Conventionally, this is done by publishing tables
of statistics, each row or column giving the average (or some other
descriptive statistic) for each region. Graphsarealso used to goodeffect
to compare conditions between regions or districts. A more recent
approach is to use GIS maps to make these comparisons. Compilations
of such thematic maps, showing how a wide rangeofindicators varies
from region to region, have been published for France and South Africa,
and perhapsfor other countries. Because many people relate more easily
to a map, these Atlases provide a more compelling and informative
picture of how conditions vary from area to area. Equity is the major issue
that these maps confront by highlighting disparities between regions using
different degrees of shading or even small pie or other graphs for each
region (Figure 13).

The assumption of uniformity in regional, thematic maps is more
problematical the bigger the region, and maps showing how these
assumptionsare violated for large regions often provide quite new ways
of seeing education. They draw attention to variation and processesthat
would not otherwise be obvious.

One exampleofthis is shown in Figure 14, which shows twosets
of information on the failure rates of pupils in Grade 1. The lower map
showssubstantial disparities between different administrative regions.
The regions mapped here are those that divided Namibia along ethnic
lines, and many of the disparities are commonly attributed to resources
being unequally allocated to different ethnic groups and in different areas.
Regions with high failure rates are those that were poorly supplied with
resources before Independence in 1990. The map brings out these
regional differences very clearly. Not muchis new in the map, however.
Everyone knowsof thesemassive disparities, and all that is achieved is
another fairly dramatic portrayal of the inequities.
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Figure 13. Map of the Orange Free State province in South Africa using
histograms to show numbersof children in each ethnic group
not at school
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Figure 14. Percentages of Grade 1s who passed at the end of 1992 at
each school in the Owamboregion (top) and in each magisterial
and ethnic administration areas into which Namibia was
divided before independence (bottom)
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The upper map, however, reveals that even within the same region,
conditions are by no means uniform, exploding the myth thatfailure rates
are only dependantonthe resources allocated to each region. This second
map is more useful becauseit starts to suggest that other processes and
dynamics may be at play, for example, that failure rates in individual
schools may be far more dependant upon policies and decisions specific
to each school. This is suggested by the fact that neighbouring schools,
within just a few kilometres of each other, show quite different results.

These schools serve the same communities, with pupils coming from
similar home backgrounds. From an educational and political point of
view,it is clear that resources should be allocated equitably and, perhaps,
even affirmatively. However, information revealed in the second map
indicates that improved allocations, alone, are unlikely to make much of
a difference to conditions in schools. The map suggests that procedures
for passing and failing pupils need to be improved. Giventhis realisation
and appropriate measures to ensure that similar normsare appliedinall
schools, greater equity can now be hoped for between regions and greater
‘equity between pupils in nearby schools.

The quality of maps produced in an education environment will
obviously depend on the quality of data available to the GIS user.If the
positions of certain schools haveyet to be determined accurately, it would
be wise to ‘flag’ these as tentative positions. Likewise, attribute data that
is not quite current but used in a map should beindicated as having been
collected in an earlier year. Despite the tools available in a GIS, drawing
a maptakes time, and the more included in the map the longerit takes.
Inevitably, you have to seek a compromise between drawing a quick map
which mightshowall the desired features, and a much more detailed one
which showsall that is necessary in addition to being a fine workofart.
For example, a black and white map of schools could show the locations
and namesof schools, the positions of major roads,a scale, and nothing
else. Another would be in colour, showing different classes of roads,
contours, vegetation types, farm boundaries, electricity and telephone
lines, all villages and other settlements, and railway lines. All of this
would be accompanied bya detailed legend, a border showing principal
lines of longitude and latitude, the sources of data, information on the
projection and co-ordinate system, and otherancillary information about
the map. The balance between these extremeswill have to be sought for
each map drawn.

‘Spatial analyses

The greatest power of a GIS lies in its use for the analysis of
relationships between spatial objects. A good example of this is to
consider how pupils have to moveif they are to progress from one grade
to the next. Many schools in Namibia offer a limited range of grades, so
pupils have to move to another school if they are to continue their
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education. Two pairs of grades are shown in Figure 15: Grade 4 and 5
(two grades in the middle of the primary phase), and Grade 7 (the last
year of primary school) and Grade 8 (thefirst secondary year). For each
set, the question asked is how many schools and pupils are more than 10
kilometres away from the nearest schooloffering the next grade up, Grade
5 and Grade 8. Thefirst step is to create a buffer zone around each school
which offers Grade 5 and Grade8.In this example, the buffer has a radius
of 10 kilometres as the distance of interest to see how manypupils are
unlikely, perhaps, to be able to walk 10 kilometres to a school once they
finish Grade 4 and Grade 7, respectively. Buffer zones are created by the
GIS as polygonsaround schools with Grade 5 and 8, those zones around
nearby schools (closer than 10 kilometres, in this case) being merged into
the same polygon. The next analytical step is to classify all schools in
terms of whether they are inside or outside a buffer polygon, using a
point-in-polygon intersection analysis (Figure 8). Finally, all that is
neededis to count the numberof schools outside the buffer zone and to
sum the numberof pupils that are unlikely to be able to walk to a school
offering the next grade (Figure 15). This analysis is based on distances
between schools and, of course, ignores the possibility that some pupils
actually live nearer to a school with Grade 5 or Grade8. A better analysis
would be of spatial information on the locations of homesof pupils, but
such information would be hard to assemble. The example in Figure 15
provides a surprise. Far more of a gap had been expected between thelast
primary andfirst secondary grade than between two gradesin the middle
of the primary phase. Yet in this region only three schools and some 196°
Grade 7 pupils are more than 10 kilometres away from schools offering
Grade 8, compared with 21 schools and 398 Grade4 pupils being more
than 10 kilometres from schools with Grade 5 classes.

Another use of intersections is given in Figure 16. Namibia’s
population census in 1991 was conducted using a geographical frame- .
work of some 2200 enumeration areas or census blocks. Each enumerator
was given one of these blocks to census. Paper maps showing the
boundariesofall these enumeration areas were borrowed from the Central
Statistics Office and then digitized. The resulting map of the country
resembled a jigsaw puzzle, with a myriadoflines showingthe boundaries
of the census blocks, Aggregated data for each block could then be linked
to its corresponding area to draw thematic maps showing, for example,
the numberof children not at school (Figure 16). While these kinds of
maps presented information from the Census accurately, there were two
difficulties with the maps. First, the census block boundaries did not
follow commonly recognized boundaries, so many peoplefoundit hard
to interpret the maps. Second,the blocks varied greatly in size, being
largeiin sparsely populated areasand small in areas where the population
was dense. This meantthat a tiny area having 100 children not at school
would be hardly visible on a map of the whole country.
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Figure 15. Buffer areas, 10 kilometresin radius, around schools providing
Grade 5 and Grade 8
 

 

 

 

10 kilometer buffer areas around
schools offering Grade5 in relation
to locations of schools offering Grade 4
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schools offering Grade8 in relation
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Note: The dots are schools providing Grade 4 and 7. Pupils in schools

outside the buffer areas are likely to have difficulty in gaining access
to the next grades.
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Bycontrast, a Jarge area having the same numberofchildren not at
school would be large and would therefore capture a disproportionate
amountofattention on a map.

To solve these problems,all the Census information was dissected
and then aggregated into a grid of some 1850 latitude and longitude
squares — in sparsely populatedareas, the squares comprised an area of 15
x 15 minutes, while in densely populated areas they were 7.5 x 7.5
minutesin size. The transformation involved overlaying andintersecting
the grid of 1850 squares with the 2200 census polygons (Figure 17). Each
enumeration area was dissected into pieces, the pieces being labeled or
classified according to whichlatitude/longitude square they fell into while
retaining the code of the enumeration area of which they were originally
part. The area covered by each piece wascalculated by the GIS and then
expressed as a percentage of the area of the original enumerationarea.It
wasthen possible to divide up the data for the population in the enumera-
tion area on a proportional basis into each grid square. For example,if a
section of an enumeration area in a grid square made up 15 percentof the
surface area of the original enumeration area, 15 per cent of the popula-
tion was allocated to that square. The proportions of the population
allocated to each section in a square were finally summedto derive an
estimated total population for each square.

The GIS also calculated the area of each latitude/longitude grid
square, allowing the population data to be expressed in densities. For our
purposes, the numberofchildren not attending school could be shown as
the number of children per 100 square kilometres (Figure 16). An
obvious assumption in this analysis is that the population is evenly or
homogeneously distributed in each enumeration area. While it is known
that humanpopulations are not evenly spread, the only way of avoiding
this difficulty is to have spatial data with a very fine resolution. If an
additional set of information on thelocations of villages, farms and towns
was available, it could have been used to adjust the proportions of the
population to each grid block.

Examples given here have involved overlaying points (schools) with
polygons(grid squares) and oneset of polygons (enumeration areas) with
another set (grid squares). Exactly the same procedures can be used to
analyze relationships between lines and polygons. An overlay of roads
with buffer polygons generated around towns where road maintenance
crews are based would produce results showing what roads need to be
maintained by crews in each town, what kinds of roads are involved, and
the distances covered by each type of road. That kind of information
would also be useful for budgetary purposes, budgets for materials being
allocated on the basis of unit costs for maintaining different lengths of
roads.
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Figure 16. Different presentations of maps of areas where children aged
7 to 3 years are not at school
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Figure 16 (cont’d)
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Note: ‘A’ showsthe numberofchildren not at school in each of some 2200
census enumeration areas, while “B’ presents the same information in
terms of the density of children in some 1860 latitude and longitude
grid blocks. Census information was not available for the Walvis Bay
enclave on the west coast.
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Humansettlements are often fairly evenly distributed in rural areas
wherevillages are spaced at rather regular intervals across the country-
side. Schools in these areas draw their pupils from surroundingsettle-
ments, the children walking each day to and from school. While the
positions of schools may be knownaccurately,it is very difficult to obtain
information on their catchment areas. One way of getting approximate
catchmentareas is to generate polygons around each schoolso that the
boundaries of each polygonfall exactly half way between schools. This
would be an easy task for two schools — simply plot the boundary at the
half way mark between the two. Where many schools are involved,
however, the calculations required to achieve this result would be very
complex.

Thiessen polygons are created by GISs to solve this problem
(Figure 18). Maps showing the positions of schools and Thiessen
polygons may be useful in showing areas where children have to walk
unnecessarily large distances. Such maps would also be helpful in setting
zoningcriteria in urban areas, and in zoning primary schools as feeders
to secondary schools. ,

These polygons provide only estimates of catchmentareas, based on
the assumption of equal distance to each school. Additional information
and a better degree of resolution would be achievedif spatial data on the
locations of settlements were overlaid with the polygons. That analysis
would provide information on the comparative numberof settlements
within the catchmentarea of each school.

School-mapping programmes sometimes involve identifying
homogeneous catchmentareas around schools. These are zones sharing
similar demographic features, where enrolments can be expected to
changeat similar rates, creating comparable demandsat schools within
those areas as well as similar educational characteristics. Part of the
reason for identifying these homogeneousareasis to reduce the volume
of information that has to be considered in drawing up a school map.
Using a GIS,it may not be necessary to join similar areas into homoge-
neous zones since large amounts of data can be processed easily.
However, even if there is a need to create homogenous areas, most GISs

havetools to generate new polygons comprising of adjoining areas that
share similar features (Figure 19). This is done by removing borders
between two or more polygonsclassified as sharing the same features.

_ Attributes of the original polygons can then be assigned to the new
polygon in an aggregated or averaged form. For example, demographic
indicators in census enumeration areas could be usedto classify each area
as belonging to any one group. The polygonscould then be processed so
thatall those areas which belong to the same group and share borders are
merged into a new set of regions. A commonterm for this procedure is
dissolving.
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Figure 17. Overlay of census enumeration areas (thick lines and large
code labels) and a grid (thin lines and small code labels) of
quarter degreesof latitude and longitude to show how census
information can be transformed into a grid system
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Figure 18. Thiessen polygons created around schools (small square
blocks) offering Grade 1
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Note: The boundaries around each school are an equal distance from all
neighbouring schools.
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Properties along streets and roads in towns usually have numbers
assigned to them, each having a distinct numberthat is consecutive with
adjacent property numbers. In a process known as address matching,
GISs can be used to plot the estimated positions of addresses along
streets. Each street is assigned a range of values in a database to deter-
mine the lowest numberat the beginning of the street and the highest
property numberat its end. Even-numbered properties can be assigned
to one side of the street and odd numbersto the other, as is often done for

real properties. Attribute data on those properties, for example, the names
of people living in the houses, can then be linked by matching their
addresses with the assigned rangeofstreet addresses. This is a much more
economical methodoflinking addresses than using point objects for each
property along a road or having the boundaries of each property stored as
a polygon. One application for schools in towns is that maps can be
created showing the homesofall the pupils and then related to maps
showing actual or potential catchmentareas of schools in the same town.

If spatial information on roads and railway lines in a town are
available, maps showing the home addressesof pupils could be compared
with the routes taken by buses and other transportation facilities to and
from school. By determining the number of pupils living along each
street, analyses can be done to determinethe best routes to be taken en
route to and from school. The analysis would take into account not only
the numberof pupils to be transported, but the distances and unit costs of
travel involved. In a rural setting, routes could be analyzed to determine
the best roads to be taken in delivering materials to schools and the best
routes to be used by school inspectors during their routine visits to
schools.

Information systems

The past few years have seen a substantial growth in the develop-
ment of information systems, especially in the education sectors of
developing countries. Much of this developmenthas been stimulated by
assumptions that education managers lack information to do their jobs,
and that the provision of good information will stimulate good manage-
ment. Education planners have, accordingly, set about collecting,
processing and storing large volumes of information in elaborate
databases. Rather less thought has been given to how that data can be
retrieved by planners and managers. There are several difficulties in
retrieving data: people need to be led into the information so they are
encouragedto use the data, complicated menustructures or commandsare
needed to gain access to the information required, different people have
different requirementsat different times so each query differs from the
next one, and a good understanding of how the data are stored and
structured is often needed. GISs cannot overcomeall of these obstacles,
but they can help in several respects.
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Figure 19. Polygon boundaries dissolved between polygons sharing the
sameattribute information, as indicated by the letters ‘A’, ‘B’
or ‘C’
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A mapis a useful medium through which to gain access to informa-
tion. Most people knowtheir countries well enoughto be ableto select a
recognized region, area or school that interests them. This meansthat a
spatial object or set of objects can be selected by the user on a map ona
computer screen, allowing attribute information linked to these features
to be mosteasily interrogated or selected through a GIS. For example, you
are asked to provide the names and addressesofall principals in a town.
In the likely absence of a list of schools in that town, this would be a
troublesome request, perhaps requiring you to scan through lists of
schools in a telephone bookto establish just which schools are located in
the town. With a GIS, you would probably have current maps to show
which schools are in the town. Better, stil], you could select an area
enclosing the town on your computer and have the GIS give youa listof
the schools, the principals’ names and addresses.

With spatial data being linked to a database of staff and addresses,
the same selection procedure could immediately provide the desiredlist
of principals’ names and addresses. Information about selected schools

- can also be aggregated, as shown in the example in Figure 20. The user
selects a group of schools and then follows a series of menu options to
choosethe grade and subjectof interest to find out how manypupils take
that subject in the grade. The information is provided in a matter of
seconds, compared with the hours or days that it might take to obtain the
sameresult using other methods.

One very neat feature commonto all GISsis the ability to point to
a spatial feature on the screen, click a button, and then haveall attribute
information linked to that object displayed on the screen. Such a feature
could be region, town, road, or school — indeed any object stored in a
spatial database. For a school, this might give you the nameof the school,
namesofstaff, enrolments in each grade,and,if you have graphics linked
through the GIS to the school, an architectural plan of the school’s
buildings and a photograph of the principal. This feature is extremely
useful for rapidly extracting information aboutsingle features.

The examples givenin this illustrate some of the methods provided
by GISs to display information about education on maps; to analyze
spatial relationships between schools, their catchmentareas andfacilities
that affect them; andto retrieve information in databases. The present
treatment of these tools under three subheadings is simply for conve-
nience.In reality, the GIS user will be mixing mappingtools, procedures
to retrieve information and analyses of spatial information on a regular
basis. For example, buffers might be created around schools, then
intersected with census areas, and the final polygons then dissolved into
larger and more homogeneousregions. Increasing levels of power and
‘intelligence’ are being added to GISs as they are developed and
improved. So, in addition to the tools now available, more scope for
solving problems concerned with the geography of education can be
envisaged.
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Figure 20. The use of a mapinterface to retrieve information
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_ those schools selected. The user then selects an aspectof information
from the menu.In this example, the user selects enrolment informa-
tién about Grade 5 and then chooses Geography(see top map). In the
bottom map, a message appears to report that 1466 pupils take
Geographyin Grade 5 in those selected schools.
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Chapter 6

Concluding comments

This book has attempted to introduce the basic components of geograph-
ical information systems. It is an introduction aimed at those who are
thinking of developing or who haveactually embarked on the develop-
mentof a GIS for education planning and management. Ofnecessity, this
is a short book and many other books available on the market provide
more detail. While there is much to recommend in these books, they will
not provide all the answers needed andthey will not give you a working
GIS. Put simply, there is no single recipe for developing a GIS. You need
to pick up the basic principles and dive right in, learning as you go along.
That approachwill be the quickest way of getting a working system.

There are several aspects to developing a GIS which I believe to be
critical ones. These are elements that you should remind yourself of
continually, and they are offered here in the hope that they will make
developmentof a GIS that much easier and more successful.

‘Tn starting off, spend a fair amountof time planning what you want
from the system and, thus, what must go into the system. Do not be forced
into hasty decisions by salesmen or consultants, especially if the latter
come armed with funds from donor agencies. Consider the paradigm in
which the GIS is intended to work and whatkind of people will make best
use of the products. Look for sources ofspatial data from other organiza-
tions before starting to digitize or scan your own map information.
Maintain close contact with other GIS users in your area, not onlyas
sources ofdata butalso for advice and support. Make sure that you clearly
recognize whatdata will be held as spatial data and whatwill be added as
attribute information. Makesure, also, that the coding system forspatial
data will allow you to readily link them to attribute data. In building and
acquiring different sets of spatial data, ensure thatthe data conform to the
same map projections and co-ordinate systems. This will guarantee that
all the data fit together accurately into the samespatial framework.

In selecting equipment and programmes (andstaff), do not buy
cheaply. Short-term savings are more likely to result in unnecessary
additional costs in the long run. Ensure wherever possible that local
support is available for the equipment purchased and that the system can
be upgraded as hardware and software improve over the years to come.
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In many developing countries, where digital spatial data may not be
readily available, it would be wise to considerthe use of satellite imagery
as a major source ofdata. Usesfor this kind of data are certain to grow in
the years ahead, as the information becomes both cheaperandeasier to
process into forms used by GISs. The ability to map humansettlements
from satellite images, especially villages in rural areas, will add consider-
able powerto the use of school mapping as a technique for planning the
provision of education. Computers and software are often slightly
intimidating, especially if the programmes are fairly complex and
different from those in more commonuse. There is a tendency to be
reluctant to try procedures without being quite sure of the commands and
consequences. However, donot be scared of making mistakes. Exploring
and experimenting with the programmeis often a useful way of getting
to know the power of your GIS. Different kinds of spatial analyses are
worth trying, not only for what might be learned butalsoforthe interest-
ing results that might be obtained unexpectedly.

It is well-known that the number of GISs started is much greater
than the number that produce results. A good deal of blamefor this can
be attributed to the systems being driven more by processes than products.
The systemsget hijacked by the processes of encouraging people to have
a GIS becauseit is a ‘good thing’, by the processes of acquiring huge
volumesof data, and by the processes of buying more and more equip-
ment. Data, equipmentand stimulation are certainly needed, but a clear
balance must be maintained between whatgoesinto the GIS and what can
be produced at the end of the day. It is thus advisablethatall stages of
developing a GIS be driven by the need to producetangible results.

One good way of ensuring this is to maintain a close link between
the technical aspects of a GIS and the educational issues thatit is intended
to serve and support. Figuratively and conceptually, the system must be
in a school administrator’s office, not in a computer laboratory; the
system mustserve the needs of education planning and management, not
the needs of computer technicians; and the system must be justified by its
products.
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The book

Educational managers and planners are confronted almost daily with such
questions as: Where are new schools needed? Where can pupils moveafter
completing their primary schooling? Where are school facilities duplicated?
Whereis there a need for new teachers, or whereis in-service training most
urgently required? Where should inspectioncircuits be created?etc. -

A Geographical Information System (GIS) comprises a set of tools useful for
processing spatial information, and therefore can help in answering the
questions above. Educational planners and managers — with a strong interest
in the details of education,in local conditions and local solutions, and in having
their efforts translated into tangible products — will make good use of a GIS.
Those with broaderinterests in:policies, processes and central control will also
use GIS to highlight, among other things, regional disparities, problem areas,
and schools in need of immediate action. The book has been designedto find
something of a middle road between those with a stronginterest in education
and those with a greaterinterest in the technology of GISs.

The author

John Mendelsohn, a Namibian citizen, born in Kenya and trained in South
Africa, was until recently Senior Education Officer in charge of the Management
Information System in the Namibian Ministry of Education and Culture. With a
PhD in Zoology, he has workedas a researchbiologist and educational planner. ©
His current interests focus on research and information systemsin the fields of
education and environmental biology. .
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