Geographical Information Systems (GIS) and Issues of Progression in the Learning and Teaching of Geography

Introduction

GIS has the potential to play a significant role in the delivery of Geography at secondary level. The benefits of using GIS to enhance pupils’ learning have been widely reported. However, to make effective use of GIS teachers need to debate how best to plan for the progression of GIS use in schools. This article provides some examples of how the use of GIS has been developed at Bishop’s Stortford College as part of the Geographical Association’s Spatially Speaking Project. The examples of pupils’ work given were developed with the use of the ESRI ArcView (v9.1) GIS package.

Identifying the Correct Balance

When thinking about the introduction of GIS into a schools curriculum there are three main questions that need to be considered:

1. How will the use of GIS be integrated or linked to existing specifications?

2. How much of the theory of GIS will pupils need to be taught in order to make an efficient and correct use of the technology?

3. How much time will pupils require to become proficient in the use of GIS software?

The first question is the most important, as deciding what you want pupils to do with GIS will determine how much GIS theory they will need to learn and the time required to develop their GIS software skills. In this context there is a clear difference being drawn between software skills and theoretical knowledge of GIS. For example, knowing which ‘button’ in a software package will draw a choropleth map is very different to understanding why that method should be chosen to best represent a particular dataset. Therefore, in an ideal situation GIS use in schools should not merely be about learning how to use a software package but also develop a theoretical understanding of GIS principles. However, this is difficult to achieve at the present time, especially at Key Stages 4 & 5, as there is limited time available to deliver such content. Despite this, teachers need to carefully consider how to plan for the teaching of GIS theory if they want to avoid pupils developing bad habits.

A Simple Framework for GIS Progression

Even with commercial GIS packages the delivery of GIS in the classroom is only as complicated as the teacher wants to make it. When planning for GIS delivery at Bishop’s Stortford College there are three conceptual levels that teaching activities can be organised around:

1. Presenting Spatial Data

2. Processing and Analysing Spatial Data

3. Data Input and Editing of Spatial Data

These 3 conceptual areas form the cornerstone of all GIS work and can be used to effectively plan for progression in GIS teaching at all Key Stages. Some practical examples of this framework are discussed below.

Level 1 GIS Use - Presenting Spatial Data 

When GIS is being introduced into a department for the first time it is important that all pupils have the potential to access the technology. Using GIS as a tool to simply present data (Figure 1) gives pupils from year 7 to 13 all an opportunity to take advantage of the learning opportunities GIS offers. Such an approach to the initial integration of GIS into existing specifications requires no knowledge of GIS theory by the pupil and only rudimentary software skills (Table 1). 

Table 1: Examples of the type of activity and levels of skills required to get pupils started with GIS across all age groups.

	Knowledge of GIS Theory Required
	Knowledge of GIS Software Required
	Teaching Examples

	None.


	The ability to open the package.

An ability to use the basic navigation functions of the package (e.g. zoom and pan).

The ability to turn data layers on and off.
	Year 9: Population Patterns, Measures of Quality of Life, Development Indicators, Patterns of Crime in the UK.

Year 10: Global Energy Use, Energy Resources in the UK, 

Year 11: Global Warming, Sea Level Change, Global Distribution of Earthquakes and Volcanoes.

Year 12: Social and Economic patterns associated with the City of Cambridge.

Year 13: Manufacturing Location, Patterns of Car Manufacturing Closure in the United States, Patterns of Deprivation.
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Figure 1: An example of a level 1 GIS activity where pupils from year nine simply turn on and off the mapping layers to investigate patterns of crime in England & Wales. In particular, pupils were using this resource to assess their preconceptions of the nature of crime in rural vs. urban areas. 

Such a basic start with GIS does not mean the nature of the geographic topic being investigated also has to be simple. On the contrary, data such as that presented in figure 2 allows complicated geographical questions to be critically examined in a way that static tables, graphs and maps could not facilitate.
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Figure 2: Year 12 pupils use data from the 2001 Census to investigate the relationships between the physical structure of Cambridge and its and its social and economic patterns.

As a result, simply using GIS to display data is the first step in introducing GIS to students. If teachers select carefully the data resources to be used, progression between different years can be ensured while not getting bogged down in the theory of GIS and the more complicated aspects of GIS software. As teacher and pupil confidence grows with the use of GIS at this level activities can be developed in order to expand pupils’ data processing skills.

Level 2 GIS Skills - Processing and Analysing Spatial Data 

Once a group becomes proficient in the basic level 1 GIS skills, teachers should progress to methods in data processing and display. Such GIS activities require a deeper understanding of GIS theory, mapping principles and statistical analysis. However, with this understanding pupils will gain greater academic independence, be able to ask and answer more complicated geographical questions and take full advantage of the true power of GIS. GIS at this level allows students not only to identify where things occur but to ask in much more detail the more important and inter-related question of why things occur.  

Table 2: Level 2 GIS skills involved in data processing and analysis
	Data Processing and Analysis Skills Level 
	Knowledge of GIS Theory Required
	Knowledge of GIS Software Required
	Teaching Examples

	Basic


	Qualitative and Quantitative Map Classification techniques.

Map symbolization and the use of size, shape, colour hue, colour intensity and texture. 

Bivariate data display techniques (e.g. figure 2).

Map layout and design issues.

Measurements of lengths, perimeters and areas.


	Pupils need to develop an understanding of the range of classification, symbolization and mapping design techniques available within the software and how to access them.

Pupils need to gain experience of how to output data using the software in the form of maps, images, graphs, tables and reports.
	Year 9: Mapping the historical and future growth of Bishop’s Stortford.

Year 12: Mapping and symbolising global tectonic activity.

	Intermediate


	Data selection and queries.

Principles of basic logic (Boolean operations)

Data aggregation techniques.

Statistical Techniques.

3D Mapping and Display.
	Pupils need to become familiar with the statistical and data processing capabilities of the software, the options available and their limitations and applications with various data types.
	Year 10: Identifying areas of high and low levels of economic development on a global scale.

Year 13: Hazard mapping, assessing the vulnerability of the USA to earthquake activity.

	Advanced 


	Data Reclassification.

Buffering and neighbourhood functions.

Map overlay.

Spatial interpolation and density mapping.

Analysis of surfaces.
	
	Year 13: Advanced GIS techniques most usually applied with experienced GIS users as part of A-level projects and fieldwork.
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Figure 3a,b: An example of work produced by two year 9 pupils investigating variations in infant mortality rate between Africa and Europe. The pupil who produced the map in figure 3a has made a better colour choice as the colours chosen suggest an order in the data from low to high making it easier to see the pattern. The colour chosen for figure 3b is more suited to discrete data as it implies difference more clearly.

The range of data processing and analysis techniques available in a software package like ArcView 9.1 are very extensive (Table 2). As a result teachers need to consider how much of the software’s capability they want to expose pupils to. In terms of progression, table 2 suggests that teachers should plan schemes of work so that they move slowly from basic to advanced data processing and analysis techniques. It is important at this level that pupils are given some theoretical background to the new GIS skills they are learning. For example, figure 3 shows two examples of work related to mapping variations in infant mortality. Pupils had to make decisions about the classification method, the number of classes and colour hue chosen. If a pupil has not understood the basic theory behind GIS mapping, or not been given the opportunity to learn such theory, their progression in the application of GIS is likely to be very limited (e.g. Figure 3b). It is therefore important to consider what approach will be taken to allow pupils to gain a basic knowledge of GIS theory when planning progression in the use of GIS across different Key Stages. While it is not essential that pupils learn all the theory outlined in table 2, an understanding of data processing is important for allowing pupils to use GIS in independent project and fieldwork.

Level 3 GIS Skills - Data Input and Editing 

Teaching pupils to input and edit spatial data in GIS is perhaps one of the most important skill sets that we can provide them with. These activities are essential if pupils are to use GIS to support and advance fieldwork. Being able to input secondary and primary data GIS can enhance the relevance of learning to pupils through addressing real world issues through a continuum of geographical scales with the latest geographical data available. 

Table 3: Level 3 GIS skills associated with data input and editing.

	General Knowledge and Theory of GIS Required
	Teaching Examples

	Input of data into spreadsheets.

Import of spreadsheet data into a GIS package.

Creation of point, line and polygon mapping layers.

Editing of line, point and polygon mapping layers.

Joining attribute data (spreadsheet data) to point, line and polygon mapping layers.

Use of mobile GIS and some secondary datasets will require an understanding of projection and coordinate systems. 


	Year 11: GCSE project work, mapping the urban structure of Bishop’s Stortford.

Year 13: Used to support the work of various A-level students in completing their A2 project work.




Figure 4: An example of an A-level student’s use of GIS in their coursework
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Figure 4 shows an example of a map produced by an A-level student as part of their A2 project work. The student was trying to investigate to “what extent do socio-economic differences indicated by the 2004 deprivation data predict voting tendencies in the marginal constituency of Harlow”. In order to conduct this research the pupil had to download deprivation data from the Office of National Statistics and collect primary data from fieldwork. Both sets of data were imported into the GIS package. The student then had to subsequently join these data sets to the Lower Super Output geographical boundary layers shown in figure 4. The student has then applied their knowledge of the skills listed in tables 1 & 2 to present a completed map. This GIS work represents the type of output that can be produced by a student who has gained an excellent understanding of the three major GIS skills areas referenced in tables 1 - 3.
Overview

Although this article suggests that there is a need to progress in steps from level 1 to level 3 GIS skills, it is worth emphasising that such a progression can occur within any age group from years 7 to 13. This can be achieved by varying the level of difficulty of the geographical topic covered and the complexity of the data set being used. As such it should be possible to design schemes of work that cover all the major GIS skills for any age group at secondary level. GIS represents a fantastic opportunity to Geography teachers to provide their pupils with access to a view of the world that is current and supported by the latest geographical technology. In terms of progression in the use of GIS, the earlier we get our pupils started the more likely they are to dazzle us with their future observations of the world and how it works.
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