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Abstract 

     GIS has revolutionised the way in which data is analysed and visually represented. And the capabilities of GIS have been utilised in many countries within education. However, GIS is not used widely within secondary education in England. The use of GIS in secondary education is restricted by many factors, regardless of the many potential benefits for its use within geographic education. 

This research provides an overview of the use of GIS within secondary education in England, and evaluates the restrictive factors that schools and teachers face when implementing GIS. The way in which GIS should be implemented within secondary education, and the potential educational benefits of using GIS within geographic education are also examined.

The potential of GIS within secondary education in England was found to be underestimated, and support for teachers trying to use this technology within geographic education is not sufficient. Without government, or specialist support from geographic organizations, or GIS vendors, nationwide implementation will not be possible. A framework, or checklist, similar to the Schools’ GIS Implementation Model outlined here, should be created for schools to follow as to correctly acquire and implement the GIS software most appropriate for their needs. 
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1.   Introduction

Technology has become an essential and integral part of modern society, and advancements in technology during the 20th century have revolutionised communication, business and every day life itself. However, one area that seems to be trailing behind the rest of the world in utilising today’s array of technology is education. Geography in particular is one area of education in England where technology and ICT (Information and Communication Technology) are not used to their full potential. Despite national government initiatives to improve the use of ICT within schools, standards for the use of ICT and the provision of resources are not being met (Ofsted 2004).

     In addition to ICT, Geographical Information Systems (GIS) are a technology that could have potentially huge benefits for education, particularly within geography at Key Stages 3 and 4. GIS have transformed the manipulation of geographic data, and this technology combines the visual representation of data, with database and analytical capabilities. Because of this, GIS are widely used across the world; however, use in education is still not exceptionally popular. 

There have been numerous attempts to utilise GIS within education, in a number of different countries, and with varied outcomes. However, the success of GIS within geographic education has been dependent upon, and restricted by, variety of factors, which will be explored later in further detail. 
1.1   Research Aim
Although there is a significant amount of literature available for the use and benefits of GIS within education in other nations; for example North America Australia and New Zealand, there is not a single piece of literature that evaluates the use of GIS within secondary education in England. Therefore, the aim of this research was to provide an overview of GIS within secondary education, and to evaluate the degree to which it is used, and how it is, or should be, implemented.

     This research could provide a starting point for further investigation regarding either the educational benefits of GIS or its role within education. It could also be useful to those who are unaware of the potential for GIS within secondary education, such as student teachers.

To ensure that this research provided a comprehensive view of GIS within secondary education in England, a number of research questions were used to focus the direction of the research. The research questions were as follows:-

· How widely is GIS used in secondary education?

· What factors are restricting the use of GIS in secondary education?

· How should GIS be integrated in to secondary education?

· How would students and teachers benefit from the integration of GIS in to the geography curriculum?

     The research itself was conducted through interviews with teachers of secondary education, lesson observations of students using GIS within geographic education, and a survey of geography teachers from secondary schools across England.

2.   Background

2.1 ICT in Education
To understand the role of GIS within education, you must also understand the role of technology within education. The national government have championed the use of technology within education to aid learning for several years (Hawkridge, D.  1987). The use of ICT has often been perceived as “a catalyst for…change in teaching style … in learning approaches, and … in access to information” (Watson, D.M. 2001, pp. 251), and the government’s e-strategy, to enhance learning with ICT, has reflected this view. 

ICT and other digital and interactive technologies have been implemented in secondary education with assistance from Becta (British Educational Communications and Technology Agency), who outline a number of advantages of using ICT within geographic education, which include enhancing “geographical knowledge and improving geographical enquiry skills” (Becta 2004, pp 1). However, regardless of the known potential benefits, the use of ICT within geography is still limited in some schools due to limited resources.  

     Ofsted state that geography as a subject can provide many opportunities for the use of ICT, which can enhance not only the learning experience for students, but also the way in which the subject can be taught (Ofsted 2004). However, it should only be used as a tool, and not as an alternative to other means of learning (Morgan, J. and Lambert, D. 2005).

Freeman (1997) also agrees that there is potential for ICT in geography, and that “geography is a subject in which I[C]T can make a genuine and worthwhile contribution” (Freeman, D. 1997, pp. 202). However, he does not state anything that suggests or proves that ICT can provide a genuine opportunity for students to improve their performance within the subject of geography. 

Nevertheless, Ofsted state that ICT can be used to improve achievement (Ofsted 2004). However, this is contradicted by Becta’s 2003 report on ICT and attainment, which states that there is not enough evidence to prove that ICT in geography improves achievement (Becta 2003). 

     Significantly, Ofsted and Becta both note that the provision of ICT resources, and the use of ICT within geography, is patchy across England. 

ICT provision can be considerably affected by school funding. The specialisation of schools in specific subject areas can provide schools with a substantial government grant, which can be used to improve ICT resources. 

The government’s goal to build city academies, which will often receive considerable private sponsorship, provides inner city areas with improved facilities, including ICT resources. These schemes, however, exclude other schools, and contributes to the patchy provision of ICT resources. However, the introduction of e-learning credits (ELCs) in 2002 aimed to help the provision of ICT within schools (DfES 2005). This enabled schools to use their allocation of ELCs to purchase the hardware and software they require.

     One area of ICT which could significantly enhance the way in which geography is taught and learnt, is the field of mobile computing. MoGeo - the means of using mobile computing technology in geographic education, incorporates not only GPS, wireless communication, handheld and tablet computers, but also GIS that are specifically designed for use with handheld computers (Armstrong, M.P., Bennett, D.A. 2005). MoGeo has created the opportunity for schools to conduct wireless fieldwork and data collection (Armstrong, M.P., Bennett, D.A. 2005; Dykes, J., Moore, K., Wood, J. 1999), which has huge implications for the way in which geography is conducted within secondary education. But more importantly, these mobile technologies have the potential to make lesson content relevant to students and their local environment (Biddulph, M. and Adey, K. 2003; Morgan, J. and Lambert, D. 2005).

Similarly to ICT resources, MoGeo resources are expensive for schools to purchase. For example, “putting a mobile GIS device with a PDA…in to the hands of a student will cost around $500” (Armstrong, M.P., Bennett, D.A. 2005, pp. 513). Cost, as well as time to integrate the technology in to lessons, are significant factors influencing, and restricting, the use of MoGeo within geography (Baker, T. R 2005). These kinds of restrictions are also faced when integrating the use of GIS in to education.

2.2 GIS in Secondary Education – Global Perspective
With a variety of factors restricting the use of ICT and mobile technologies within secondary education, it would be surprising to find GIS being used frequently and successfully. However, by looking at the use of GIS in education from a global perspective it emerges that there are so called ‘pioneers’ introducing GIS in to secondary education.  

     Although software vendors, such as ESRI and MapInfo, have been supplying GIS since the early 1980’s (ESRI 2006a; Chalmers, L. 2002), it was not until the 1990’s when focus was centred on GIS education (Fitzpatrick, C. 2001).

And although GIS has infiltrated higher education through undergraduate (Unwin, D.J. et al 1990) and postgraduate courses - such as the International Post-Graduate Course on GIS (Kemp, K.K. and Frank, A.U. 1996), and other educational GIS courses (Sui, D.Z. 1995; Stubbs, H.S. et al 2002; Johnson, M. L. 1996), GIS has not yet gained widespread popularity within secondary education. This is due to a range of factors that are preventing the use of GIS within secondary education.

“Some of the problems are deep seated and are educational or institutional in character…others relate to the difficulty of providing  adequate resources of computer hardware and software to support the teaching…and yet others relate to syllabus and curriculum design, knowing what to teach, how to teach it and in what order.”






(Unwin, D.J et al 1990, pp. 457)

The above quote taken from David Unwin’s paper on a syllabus for teaching about GIS perfectly outlines the main problems encountered across the world when implementing GIS within education.  Although that particular paper refers to issues that higher education institutions have probably overcome since the early 1990’s, these issues are particularly relevant to the use of GIS within secondary education in the present day. 

     In the early days of GIS, software and suitable hardware were expensive, and GIS remained a tool of professionals in industry and academia. And although technological advancements have meant software prices have fallen dramatically in recent years, schools still cannot afford to purchase GIS packages, or may not possess sufficient hardware resources. Lex Chalmers argues “no single impediment [has] existed to prevent the teaching and use of GIS” (Chalmers, L.  2002, pp.83).  This is true to a degree; however, Chalmers fails to acknowledge how much of an effect that the restricting factors and obstacles have had upon the growth of GIS in secondary education. 

There are a range of factors restricting the use of GIS that have been identified within numerous academic journal articles. These factors are as follows:-

· Hardware resources

· Suitable software

· Access to suitable data

· GIS Training for Teachers

· Lesson resources

(Baker, T.R. 2005; Witham Bednarz, S. 2004; Meyer, J.W. et al 1999; Chalmers, L. 2002; Bednarz, R.S. and Witham Bednarz, S. 2004).

     One of the most documented countries in relation to GIS in education is the USA. The USA is the home to one of the most renowned GIS vendors – ESRI. However, GIS is still not widely used in the USA.

Joseph Kerski, a keen commentator on the educational use of GIS in the USA, stated in 2001 that less than 1% of American High Schools had adopted GIS as either a tool for learning, or as a new sub-discipline of geography (Kerski, J. 2001).  And in 2000, out of 1,900 High Schools that reported to possess GIS software, only 15% reported using it within lessons (Kerski, J. in Baker, T.R. 2005). Audet and Paris have also found this to be a problem, where teachers may lose motivation, or may lack expertise or time to maintain skills and resources to use GIS in the classroom (Audet, R.H. and Paris, J. 1997). 
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Figure 1 Teaching about GIS vs. Teaching with GIS
Source: Sui, D.Z. 1995
     Kerski also states that in the USA, “teaching about GIS is much less common than teaching with GIS” (Kerski, J. pp.74). The debate to whether to teach about or with GIS in education (Figure 1) is closely related to the argument regarding whether GIS should be regarded as a geographical tool or as a science in its own right (Goodchild, M.F., Proctor, J.D., Wright, D.J. 1997; Sui, D.Z. 1995; Johansson, T. date unknown; White, K.L. and Simms, M. 1993). 
In light of this, Kerski states that teaching with GIS has actually restricted the adoption of the technology. He states that if the ‘teaching about GIS’ approach had been adopted in the USA, awareness of the potential for GIS in education would be increased (Kerski, J. 2001).  However, Kerski’s thinking is somewhat flawed. 

You could argue that in secondary education, a student’s knowledge of the world is still very limited and geography remains important to develop their knowledge of the world and their own environment. Teaching ‘about GIS’ without the solid geographic knowledge that a college or university student would possess, a pupil may not fully understand the relevance of the skills they are learning, or the context in which they could be used. However, if geography is taught ‘with GIS’, students can develop their GIS skills while broadening their knowledge of geography, and become aware of how and when GIS can be used.

     Fitzpatrick (2001) states that in the USA there is no ‘standard practice’ for the use of GIS, as the range of resources and expertise available are so varied that no single means of implementation would be truly successful (Fitzpatrick, C. 2001, Baker, T. R. 2005).  Although there is no formal requirement to use GIS in any US state, Fitzpatrick emphasises that GIS is expanding slowly in the USA. This can be attributed to a growing number of teachers trying to use GIS, but the rate of growth is affected by a number of teachers giving up on GIS because of assessment and examination pressures (Fitzpatrick, C. 2001).  The expansion in the USA can also be attributed to the formation of the National Centre for Geographic Information and Analysis (NCGIA), which was primarily created to aid research, but also to expand the use of GIS in education at a range of levels, from K-12 through to college and universities (Chalmers, L. 2002). 

     Where GIS has been successfully implemented, lessons range from “highly scripted ‘canned’ lessons” (Fitzpatrick, C. 2001, pp.85) to students only being given instructions and minimal direction.  Fitzpatrick states that the best rate of success is achieved when students are given minimal direction to solve posed ‘real life’ problems. It is found that through problem and enquiry based learning, students work harder and produce higher quality work, and this means of learning can fuel student and teacher motivation for fieldwork and independent learning (Fitzpatrick, C. 2001). Audet and Paris support this finding; however, they also state that other than exam performance, there is no incentive to maintain the success rate or actual use of GIS within lessons (Audet, R.H. and Paris, J. 1997). 
     When attempting to implement GIS within education, purchasing hardware and software are the first major obstacles that schools have to overcome. In Germany, the government have ensured that every school has sufficient ICT resources and internet access. Nevertheless, the use of GIS in Germany is still patchy (Schaefer, D. date unknown).

Progress has been made, however, through an initiative with ESRI Germany. ‘Diercke GIS’ is a simple GIS package that has been constructed for educational purposes using the framework of ArcView 3.2. Schaefer comments that such GIS packages, specifically designed for use in education, are more likely to be successful than popular professional GIS packages (Schaefer, D. date unknown). But, Schaefer also points out that web-based GIS is a cheaper alternative to full GIS software packages, and can often be better tailored to suit curriculum needs (Schafer, D. date unknown; Baker, T.R. 2005; Hall-Wallace, M.K. and McAuliffe, C.M. 2002). Schaefer fails to note that web-based GIS are limited in their analytical capabilities, and are only usually designed to be used for a specific topic.
     Another problem that schools face when attempting to implement GIS in the classroom is data availability. The use of GIS for any purpose relies upon a sufficient amount of accurate data to display and analyse. Although in this digital era data can be easily collected using mobile technologies, the availability of data is still a major restricting factor of GIS in secondary education (Chalmers, L. 2002; Schaefer, D. date unknown; Johansson, T. date unknown).  Without appropriate data to analyse using GIS, there is little point in schools even purchasing GIS software. 

However, data issues in New Zealand are beginning to be resolved. Data vendors view educational access to data as an opportunity for schools to add local information to existing data sets (Chalmers, L. 2002). Like the USA, New Zealand and Australia do not have formal curriculum requirements to use GIS in education. However, newly revised geography standards in New Zealand and Australia have created an opportunity to develop and expand the use of GIS within geographic education (Chalmers, L. 2002). However, how widely GIS is used within these countries is unclear. 

Interestingly, in Ireland, Northern Ireland, and Finland, GIS has been formally included as part of the geography curriculum in secondary education (Chalmers, L. 2002; Johansson, T. date unknown).  Then if they wish, students can then continue along the steep learning curve (that is often associated with GIS) in further and higher education, or career specific training. 

Because GIS has been made a formal requirement within secondary education in these countries, there must be sufficient access to data for schools to succeed. For example, the Ordnance Survey of Northern Ireland (OSNI) have created and allowed access to a variety of data and learning materials to enable the successful use of GIS in schools in Northern Ireland (Chalmers, L. 2002). Schemes and initiatives, such as this one by the OSNI, are vital to the growth of GIS in secondary education, and make the difference between schools successfully using GIS and merely experimenting with the technology.

     One notable trend in the majority of literature that details the implementation of GIS in education, is that most, if not all of it focuses on more economically developed countries. Nevertheless, there are a couple of instances where literature has covered the use of GIS in education within emerging countries.

Brent Hall states that in 1997 71.1% of licensed GIS users were located in North America, 14.6% in Europe, 4.1% in South America, 2.2% in Australia, and only 1.3% of users were found to be in Africa (Brent Hall, G. 1999). Brent Hall states that this is because the majority of GIS licenses are acquired through “externally funded development aid projects”, and in turn make licensing and use of GIS sporadic in emerging countries (Brent Hall, G. 1999, pp. 312). 

Also, GIS are often seen as a ‘quick fix’ solution to developmental, resource or other problems in lower income countries (Dunn, C. et al 1999). As a result, the use of GIS in education if often neglected (Brent Hall, G. 1999).
Brent Hall also points out that GIS is not sustained in emerging or developing countries (e.g. South Africa, India, Chile) as they do not possess an existing ‘techno-culture’ to support and perpetuate the use of advanced technologies, unlike the USA , Australia or Northern Ireland. 
     In all the nations that have been discussed, the professional development of teachers to improve GIS skills, and to develop ways of incorporating GIS in to lessons, remains to be a major issue (Baker, T.R. 2005; Chalmers, L. 2002; Brent Hall, G. 1999; Sui, D.Z 1995; Witham Bednarz, S. and Audet, R.H. 1999).

According to Chalmers (2002), a teacher’s prior knowledge and existing skills in the area of GIS will determine the degree to which they will benefit from further training through professional development. You could argue, however, that the purpose of professional development is to learn new skills and methods of teaching, and therefore possession of prior knowledge or skills would be irrelevant. However, possessing the motivation to learn appropriate skills is undoubtedly important.

Audet and Paris (1997) created the ‘GIS readiness survey’, which teachers can complete to assess the degree to which they are capable of implementing GIS in their classroom. Surveys, or checklists, like this could be the key to helping teachers to determine when, and how, they should embark on implementing GIS in their school.

But Meyer et al (1999), and Bednarz and Ludwig (in Meyer et al 1999) argue that the use of GIS is restricted more through the ignorance and low spatial literacy among teachers, than it is from actual technical requirements. This could easily be resolved, however, through professional development inside, and outside, of the school environment. This includes learning about both aspects of GIS – teaching about and with GIS (Johansson, T. date unknown). 

2.3 GIS in Secondary Education - England
Because a large proportion of literature on GIS in education relates to the countries discussed in the previous section, you would assume that England is not as advanced as other nations in utilising GIS in the classroom. In addition, a distinct lack of information in academic journals regarding the situation in England would seem to confirm this. However, on inspection of further resources, such as the ESRI UK, Becta, Royal Geographical Society (RGS) and the Geographical Association (GA) websites, it becomes apparent that there are ‘pioneers of classroom GIS’ in England.

     Chalmers argues that recent revisions to the secondary curriculum in England have created more opportunities to incorporate GIS in to lessons (Chalmers, L. 2002). However, he does not state which curriculum revisions he is referring to, and he ignores the resource and time restrictions that schools face. The pressure placed on teachers and students to produce good exam results, and the constantly changing standards and requirements for secondary education in England, have become additional impedances to the use of GIS in England.  
Promisingly, there are plenty of indications that the potential for GIS in secondary education in England has been realised. Becta, for example, finds that GIS “allows pupils to concentrate on interpreting and analysing data”, it “enhances…spatial awareness”, it “can save lesson time and give better quality results” when manipulating maps and data, and allows teachers to “focus more clearly on teaching geographical skills” (Doughty, R. 2004).   

     There have also been attempts to promote the use of GIS, particularly by the RGS, GA and Ordnance Survey (OS). The ‘Embedding GIS in Schools’ project conducted by the RGS, aimed to find the most suitable GIS for use in education. The project involved teachers and GIS professionals evaluating a range of GIS packages based upon their relevance to the curriculum, functionality and ease of use (RGS 2006a). The results of the project are available on the RGS website, and could help teachers to decide which GIS would be best for their particular curriculum and subject needs. The RGS also created the ‘Getting started with GIS’ website through a similar project (http://www.gis.rgs.org/) (RGS 2006b), which outlines the basics of GIS, how it can be used within education, and the benefits of using the technology.  

The Department for Education and Skills (DfES) (Mansell, J. 2006) funded both these projects, however, at this time no other government funded research, or initiatives exist to promote the use of GIS within education, which is probably a considerable restrictive factor on the growth of GIS education in England. 

     The OS also have an active interest in the use of GIS in education. However, this interested could potentially be clouded by a corporate ulterior motive to increase interest in their GIS products. However, the OS have researched in to this field of education themselves. The OS conducted a survey investigating the use of GIS in schools (OS 2003), which focused on the acquisition of data, particularly from Local Education Authorities (LEA’s) and the OS themselves.  

The results from the OS survey showed that out of 243 respondents (out of 4000 schools that were contacted (Mansell, J. 2006)), only 28 respondents were using GIS.  In addition, 68% of respondents stated that their school lacked IT resources (OS 2004), which is just one of the many possible barriers to the use of GIS. Interestingly, 20% of respondents stated that they were self-taught. This could indicate that there is an issue regarding the provision of training for teachers, which could severely restrict the growth of GIS within secondary education in England. 

The results of the survey were never widely distributed, and so far, I have not come across any reference to the survey in any other literature. 

2.4 Learning Theory and Spatial Literacy
As previously stated, there has been a considerable amount of research conducted regarding the use of GIS in schools. In addition to this, some researchers have made the link between using GIS in schools and psychological learning theory (Sui, D.Z. 1995; Meyer, J.W. et al 1999; Audet, R.H. and Paris, J. 1997). But this work has not been extensive, and is clearly not sufficient to empirically prove that pupils benefit from the use of GIS in secondary education.

To begin to understand how using GIS could benefit student learning, you have to consider the psychology of how children learn and how this relates to the learning of geography.

     There are a number of psychological approaches that aim to conceptualise the learning process. The behaviourist school of thought, which believes that behaviour is determined by an individual’s environment, defines learning as a “permanent change in behaviour which is the result of experience” (Borger and Seabourne in Jarvis, P., Holdford, J., Griffin, C., 2003 pp.25). This view of learning is particularly applicable to geography, where drawing upon personal experiences can enrich a student’s learning experience. 
In contrast to the behaviourist approach to learning, the cognitive school of thought views learning as an innate process within the human brain. Cognitive psychologists, such as Piaget and Vygotsky, do not consider a student’s experiences and behaviour to be indicative of their ability to learn, but rather their innate potential to learn and achieve (Jarvis, P., Holdford, J., Griffin, C., 2003; Liben, L.S. and Downs, R.M. 2003; Downs, R.M. and Liben, L.S. 1991; Blaut, J. M. and Stea, D. 1971; Kulhavy, R.W. and Stock, W.A. 1996; Daniels, H. 2004). Although this theory fails to ‘explain’ how a child learns, it does account for how an individual can possess an innate ability to think spatially.

     There is also the view that learning is composed of reflective and non-reflective thinking. Non-reflective thinking is learning where students are merely required to learn and regurgitate facts. However, this type of learning is not suitable for the teaching and learning of geography. Geography should promote a pupil’s ability to think critically and analytically, where students learn to question what they are learning and they learn from the questioning, or enquiry, process itself (Jarvis, P., Holdford, J., Griffin, C., 2003). The notion of reflective thinking is important when considering which teaching methods are appropriate for the geography curriculum – as the method chosen will determine a student’s ability to think critically, and therefore in a geographical manner.

     These psychological theories are all vital in understanding how using GIS will benefit pupil learning and the development of geographical skills.

Together, these theories provide the basis for spatial literacy and underpin the notion of geographic knowledge (Golledge, R,G. 2002). Blaut and Stea (1971), and Golledge (2002), state that geographic information or knowledge is unique. They state that it transcends the boundaries of other academic disciplines through “sensory deployment… [and] cognitive processes” (Blaut, J.M. and Stea, D. 1971, pp. 392) which are used in fieldwork, map work and critical thinking (Verdi, M.P. and Kulhavy, R.W. 2002).  

     One main area of interest for GIS in education is the potential benefits for pupils in developing spatial literacy. Spatial literacy itself can be defined as the ability to understand, or having an awareness of the environment and the world around you. This can involve students developing or possessing a sense of place, a perception of scale, an understanding of how both “physical and social components of the world” (Beck in Golledge, R.G. 2002) merge and interact with one another to create a single environment with numerous physical and human processes (Hernandez, P.H. et al 2006). However, such processes can be hard for pupils to conceptualise in the mind when learning from 2-D images or textbooks (Berendt, B., Rauth, R., Barkowsky, T. 1998). Dynamic computer technologies, such as GIS, could potentially possess the ability to help students overcome this barrier. 

     It should be noted that this is not a comprehensive overview of learning theory. There are many different approaches to viewing student learning, such as the VAK model. The VAK model states that there are three main learning styles - visual, auditory, and kinaesthetic (Teachernet 2006). Kinaesthetic learners learn best through ‘doing’, which is an aspect of learning that is particularly neglected within geography and education in general. By incorporating the use of GIS in to geography, it enables pupils to interact with the subject matter, and creates an opportunity for kinaesthetic learners to achieve a better understanding of the lesson content. This is just one of many potential benefits that can be gained through the implementation of GIS within secondary education.

3.   Methodology

This research followed both quantitative and qualitative lines of enquiry, and used research questions (see section1.1) to guide the direction of the research. 

The quantitative aspect of the research consisted of the collection of primary data through a survey, while the qualitative aspect was conducted through lesson observations and interviews. This particular research design was chosen as it captured the appropriate primary data specific to the research objectives through the survey, while the qualitative data from interviews and lesson observations enhanced the primary data. 

3.1 Quantitative Data: Survey
The survey questions were formulated using the findings from background reading, where several key areas associated with the use of GIS implementation in schools were identified. The key areas identified for the questionnaire were as follows:-

· Acquisition and use of GIS

· Role of ICT in Geography

· Actual potential of GIS

· Factors restricting the use of GIS

     Two more key areas were chosen to be included in the survey, as these are areas that are not widely discussed in literature, yet are areas that I feel are important to the use of GIS in secondary education. These additional areas were as follows:-

· The potential ability of GIS to ease educational issues 

· Possible solutions to implementation restrictions

3.1.1 Pilot Survey. To ensure that the most suitable survey design and questions were used (Finn, M., Elliott-White, M., Walton, M. 2000), a pilot survey was conducted over a period of two weeks.

The pilot survey was conducted via the internet. The survey itself was designed using software called TestPilot, and was then published on the internet through a university server. 

Once a respondent completed the survey, they clicked the submit button and the results were submitted anonymously, and were then stored on the server, which could then be accessed through the TestPilot website.

     A random sampling method was adopted for the pilot survey, and the target population selected was those who work within secondary or geographic education. The target population was contacted through the Times Educational online forum, where a web link to the survey web page was posted in both the secondary, and geography sections.

In total 11 responses were collected (Appendix 1), however, a response rate could not be calculated as it is not possible to know how many people viewed the post containing the web link to compare it to the number of responses. 

     Upon evaluation of the pilot survey, the survey design was found to be suitable and was kept for the final survey. However, the questions were reordered in to a more logical order for the final survey, and it was felt that some of the survey questions could be perceived to be ambiguously worded - particularly regarding using GIS as an educational tool opposed to teaching about GIS. However, for the purpose of this research the distinction between these two methods was not defined, as it is not clear if GIS is widely used, or which method is more popular. To do so could have excluded a proportion of respondents from answering certain questions. In addition, to distinguish between the two methods would have involved making the survey longer, which could have affected the response rate of the final survey.
3.1.2 Final Survey. The final survey was conducted in the same manner as the pilot survey. However, rather than posting a web link to the survey on an online forum, the website link (Appendix 2) was emailed directly to English secondary schools with an available, working email address.

The email addresses themselves were obtained from LEA websites; the web addresses for which were obtained from the DirectGov website.

Problems were encountered when finding email addresses for schools, as they were not always available from the LEA website, and then had obtained from the school’s own website. If the school could not be contacted by email, then unfortunately that school could not participate in the survey.

     In total, 1975 secondary schools in England were contacted by email (Appendix 3); however, 119 of these emails were undeliverable, leaving 1856 schools as the total number of schools participating in the survey.

Another problem associated with the final survey, which was reported directly from participants themselves, involved participants being asked for a user name and password after clicking the submit button on completion of the survey. Although this did not affect the submission of the survey responses, it was not a feature that was selected for the survey, and it was not explained in the TestPilot instructions. 

3.2 Qualitative Data: Lesson Observations and Interviews
The lesson observations and interviews were to be conducted within a number of schools that had been contacted in response to their reported use of GIS. These schools were as follows:-

· The Holgate School, Hucknall, Notts

· The National School, Hucknall, Notts

· The Grove School, Newark, Notts

· The Minster School. Southwell, Notts

· Leeds Grammar School, Leeds

· Bedford School, Bedford

· Homewood School, Tenterden, Kent

However, due to the busy nature of schools, I was only able to visit two of these schools – the Grove School, and the Minster School. The other schools were either too busy, the school term had finished, or the school simply did not respond to my letters.

     The Grove School is a typical comprehensive school with limited ICT facilities (computer suite with 30 pc’s for the whole school), but possesses interactive whiteboards in some classrooms, and also Aegis 3 – an educationally focused GIS which is reasonably priced for schools to purchase in comparison with other well known GIS packages. At the Grove school, I interviewed Ryan Metters, a Humanities teacher with a masters degree in GIScience, who has pioneered the use of GIS at the school. I also observed two lessons using web-based GIS and Aegis 3 (Appendix 4 and 5). Unfortunately, due to time restrictions those were the only lessons that I was able to observe. However, by using lesson plans found the internet I have managed to ascertain how GIS can be used in relation to the geography curriculum.

     In contrast, the Minster School, is a specialist humanities school, where grant funding given for the specialist status has boosted the schools ICT provision to a degree where almost every classroom has an interactive whiteboard, and the geography department has its own computer suite. At the Minster School, I interviewed teachers Chris Stevens, an advanced skills geography teacher, and Adam Vaughan. At the time of interview, the Minster School was in the process of acquiring GIS software, however there is no doubt that once staff familiarised themselves with the software that it will be utilised most effectively.

     Although I was not able to interview teachers from other schools, the quantitative and qualitative data collected through the survey is more than sufficient to gain an insight in to GIS in secondary education.

4.   Results

Table 1.1 

Q1 Do you think the use of ICT within Secondary Education is important?
	Offered 324 Times

	Unanswered 0 Times


	 
	Frequency
	Percentage

	Yes
	322
	99.4%

	No
	2
	0.6%


	 
	Frequency
	Percentage
	

	Yes
	318
	99.1%
	

	No
	3
	0.9%
	


Table 1.2 

Q2 Do you see potential for the use of GIS within Secondary Education?
	Offered 324 Times

	Unanswered 3 Times


Table 1.3

Q3 In which subjects do you see potential for the use of GIS?
	 
	Frequency
	Percentage
	
	
	
	

	Geography
	323
	99.7%
	
	
	
	

	Biology
	138
	42.6%
	
	
	
	

	Physics
	31
	9.7%
	
	
	
	

	Chemistry
	17
	5.2%
	
	
	
	

	Religious Education
	63
	19.4%
	
	
	
	

	History
	150
	46.3%
	
	
	
	

	English
	25
	7.7%
	
	
	
	

	Maths
	90
	27.8%
	
	
	
	


Table 1.4 

Q4 Does your school possess and use GIS software?
	Offered 324 Times

	Unanswered 0 Times


	 
	Frequency
	Percentage
	
	
	

	Yes
	89
	27.5%
	
	
	

	No
	235
	72.5%
	
	
	


Table 1.5 

Q5 If your school possesses GIS software, how difficult was it to acquire?
	Offered 324 Times
	

	Unanswered 146 Times


	
	Frequency
	Percentage

	Very Easy
	17
	9.6%

	Easy
	48
	27.0%

	Not That Easy
	13
	7.3%

	Difficult
	12
	6.7%

	Very Difficult
	2
	1.1%

	Not Applicable
	86
	48.3%


Table 1.6 

Q6 If your school possesses GIS software, how difficult was it to implement?
	Offered 324 Times
	

	Unanswered 145 Times


	 
	Frequency
	Percentage

	Very Easy
	1
	0.6%

	Easy
	13
	7.3%

	Not That Easy
	19
	10.6%

	Difficult
	32
	17.9%

	Very Difficult
	29
	16.2%

	Not Applicable
	85
	47.5%


Table 1.7 

Q7 If you have acquired and implemented a GIS in your school, or you are currently in the process of doing so, which of the following do you consider to be important restricting factors?
	 
	Frequency
	Percentage

	Funding
	97
	29.9%

	Resources
	85
	26.2%

	Support
	24
	7.4%

	Motivation
	18
	5.6%

	Time
	139
	42.9%


Table 1.8

Q8 Do you think using GIS as a tool for learning would help to alleviate some issues within education?
	Offered 324 Times

	Unanswered 1 Time


	 
	Frequency
	Percentage

	Yes
	164
	50.8%

	No
	42
	13.0%

	Not Sure
	117
	36.2%


Table 1.9 

Q9 Do you think the Government should provide more support to implement GIS within Secondary Education?
	Offered 324 Times

	Unanswered 9 Times


	 
	Frequency
	Percentage

	Yes
	298
	94.6%

	No
	17
	5.4%


Table 1.10 

Q10 Do you think a 'National GIS Network for Schools' (to provide support and resources) would help more schools to implement GIS software?
	Offered 324 Times

	Unanswered 6 Times


	 
	Frequency
	Percentage

	Yes
	302
	95.0%

	No
	16
	5%


5.   Data Analysis 

5.1 Survey

Out of the 1856 schools that were successfully contacted, 324 survey responses were received, giving a response rate of 17%. 

Although this is in the normal range for survey response rates – 10%-40% (Finn, M., Elliott-White, M., Walton, M. 2000) - it is still not as high as hoped. This could indicate that either surveys conducted via the internet are not popular with potential respondents, that school interest in GIS was overestimated, or the teachers were simply to busy to complete the survey.

     When analysing the data itself, problems were encountered as the TestPilot website reported that  322 survey responses has been received, however, once the data had been downloaded in a Microsoft Excel file, there was found to be 324 responses. This is only a small difference, however, it raises questions about the accuracy and reliability of using such software to conduct surveys for academic research. 

     Although the survey produced interesting results, the data collected was not suitable to be analysed using a statistical test. 
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Graph 2 – Survey Question 4

Q1. For question 1, 99.4% of respondents stated that the use of ICT within secondary education is important. Many stated that it was important in developing research, presentations, and geographical skills. This could indicate that there is potential for GIS in secondary education.

Q2. The responses for question 2 indicate that a large proportion (99.1%) of the teaching community do believe that there is potential for the use of GIS in secondary education. Although the responses from this survey cannot reflect the situation for the whole of England, it seems there is potential for the development of GIS within secondary education.

Q3. Responses for question 3 show that the most potential for GIS lies within geographic education (99.7%). This is not a surprise, as GIS were built with the nature of geographic information in mind. History (46.3%) and Biology (42.6%) are also subjects where respondents see potential for GIS (Graph 1). The mainly temporal nature of historic information does possess a geographic element, and GIS could be used successfully to reflect changes over time, such as urban morphology, or troop movement through the stages of a battle or war. 

Although the majority of the biology curriculum would not be suitable to incorporate the use of GIS (e.g. respiration, immune system), content involving ecology would be suitable, and GIS would be useful for fieldwork or coursework.
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Graph 3 – Survey Question 5
Q4. Only 89 out of 324 respondents (27.5%) stated that their school possessed GIS software (Graph 2). This result was higher than expected, however it is still disappointing.

However, some of the expanded answers indicated that some of these respondents did not actually possess and use GIS software, but either previously used it in the past, or were in the process of acquiring a GIS. This did distort the result for question 4, but the majority of respondents still do not use GIS in their school.

Q5. Out of the respondents that possess GIS software, 27% stated that they found it easy to acquire the software (Graph 3). This was surprising, as it is often reported in literature that schools find it difficult to acquire GIS software.

For the respondents that do not possess GIS software, 48.3% of respondents stated that the question was not applicable, and 146 respondents did not respond at all. The unanswered questions did affect the ‘not applicable’ result, but it not affect the other results. 

Q6. Again, 145 respondents did not answer question 6, and 47.5% stated that this question was not applicable. However, respondents who do possess GIS software stated that they found it difficult (17.9%) and very difficult (16.2%) to implement within the classroom (Graph 4).  
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Graph 4 – Survey Question 6

Q7. Within the aspect of implementation, 42.9% of respondents stated that finding time to train and integrate GIS in to lessons was the biggest restricting factor on their ability to use GIS within the classroom. Funding was also seen to be a restricting factor (29.9%), as purchasing software and training staff can be costly. Possessing sufficient resources (26.2%), such as hardware, was also another restricting factor reported by respondents. However, both funding and resources were expected to be perceived by respondents as bigger barriers to the use of GIS than they in fact were. 
Q8. Half of the of survey respondents (50.8%) stated that they thought the use of GIS could help to alleviate issues in education, such as performance differences between girls and boys, and improving learning for those with special educational needs (SEN). These findings are important in relation to the on going debate in education regarding whether students with SEN should be taught in mainstream schools. The use of GIS could help to improve inclusion of SEN students through increasing the interactivity and visual representation of the geography lesson content.
Q9. Astoundingly, 94.6% of respondents stated that they believed the government should provide more support to help schools implement GIS within the classroom. However, this aspect will be discussed in more detail later.
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Graph 5 – Survey Question 7

Q10. In addition to the support that teachers require from the government, 95% of respondents stated that they believed a ‘National GIS Network for Schools’  would help more schools implement GIS in the classroom through sharing resources and lesson materials, and providing a support network to help solve issues regarding purchasing software and staff training. 

5.2 Interviews and Lesson Observations

The interviews and lesson observations provided vital insight in to the situation of GIS in secondary education in England. Both schools were more than helpful in outlining the current trends and issues that teachers currently face in relation to the geography curriculum, the use of ICT within geography, and the role and potential of GIS in England. The lesson observations at the Grove School were very inspiring, and the pupils responded incredibly well to the lesson content and to using GIS.

6.   Discussion

6.1 How widely is GIS used in secondary education?

At first glance of the Key Stage 3 national curriculum (National Curriculum online 2006) and GCSE specifications for geography, it appears that GIS is not used at all within schools. However, from searching the internet you find that there is a minority of teachers that are using GIS in secondary education.  

The survey showed that 27.5% of 324 respondents possess and use GIS software. Although this figure is larger than first expected for this research, the amount of respondents using GIS is only just over a quarter of the total survey population. The OS survey conducted in 2003 discovered that out of 243 respondents, only 11.5% of schools used GIS. Although the two surveys are different in many ways, the increase in the percentage of schools using GIS does indicate that somehow schools are overcoming barriers and restrictions, and more teachers are beginning to implement GIS within secondary education. 

     It could also be argued that GIS is, or could be more widely used at independent or specialist schools, and city academies, where funding and resources may be more plentiful than in inner city LEA funded schools. 

The Minster School, for example, has recently been granted specialist status for Humanities. Declaration of this status involves a substantial financial grant, which this particular school spent on ICT provision and school renovations. The geography department now has a dedicated computer suite and PDU’s – which could also be used with a GIS for fieldwork. 
Along with specialist status schools, independent schools also seem to be more likely to implement GIS than state schools. Leeds Grammar School, the Bedford School, and Bishop’s Stortford College are all independent schools, and have been particularly successful in implementing GIS within a range of subjects. 

Leeds Grammar School, for example, have worked in conjunction with ESRI UK to formulate schemes of work for distribution to schools to ease the time restrictions faced by teachers to plan new lessons to integrate the use of GIS (ESRI UK 2006a). The Bedford School has also worked in conjunction with ESRI to create the Bedford School Centre for GIS (Bedford School 2006), which serves as a facility for student learning and teacher training for those in the Bedfordshire area. 

However, in great contrast, The Grove School is an over subscribed comprehensive school that uses both Aegis 3 and web-based GIS very successfully (Appendix 4 and5). 

The Homewood School also successfully uses GIS within Key Stages 3 and 4; however, that school has received assistance from the Dakini project - a specific scheme that aims to helps schools in the Kent area to use GIS. 

These schools are in a minority of state schools that have overcome the array of barriers and restrictions with sheer determination to implement GIS in the classroom. Judging by the survey results, there are other state schools in England that use GIS, however locating these schools has been particularly difficult throughout this research, and is a notoriously common problem (Mansell, J. 2006). 

6.2 What factors are restricting the use of GIS in secondary education?
According to the survey results and relevant literature, teachers find that there a number of factors that restrict the use of GIS in secondary education in England. The OS survey (OS 2004) identified the following as restricting factors to the use of GIS in secondary education:-

· data acquisition

· hardware resources

· affordable GIS software

· teacher training

However, the survey and literature review identified other factors that restrict the use of GIS, which are shown in Table 2.1.

     As indicated by the survey results, acquiring GIS software no longer seems to be the biggest restricting factor to the use of GIS in school, which is probably due to the falling prices of technology in recent years. However, implementation remains the biggest challenge for teachers. With so many different pressures placed upon teachers, such as lesson planning and evaluation, school reports, coursework, and marking, it is difficult to find time to incorporate this technology in to existing lesson plans.  

     Although ICT provision has appeared to determine the level to which GIS can be implemented, it is not necessarily a major restricting factor.

For example, The Grove School only has a computer suite with 30 PCs for the whole school. However, they possess and use Aegis 3 (The Advisory Unit 2006) successfully within geographic education. Although, the amount that this technology can be used is restricted by competition with other teachers for the use of the computer suite.

	Funding
	To purchase hardware, GIS software itself, or to fund training opportunities

	Resources
	Suitable hardware is a major restricting factor, as a lot of school PC’s are not powerful enough to support some GIS packages

	Support
	Teachers often find that LEAs or senior management at their school do not see the potential for GIS, and therefore do not support teachers when purchasing and implementing GIS in the classroom

	Motivation
	Restrictive barriers to the use of GIS can de-motivate teachers and can put them off pursuing implementing a GIS in their school

	Time
	Time to become familiar with software, and to plan lessons incorporating GIS is a major issue for teachers

	Data
	Acquiring up to date, accurate, and curriculum relevant data is a key issue.


Table 2.1

Restrictive Factors on the use of GIS in secondary education in England
The vast differences in funding and ICT provision will have a huge impact upon how widely GIS is used across England, and it could mean that GIS become an educational resource for the better half (i.e. specialist  and independent schools) of the emerging ‘two tier’ education system (BBC 2006b).

     Once schools have resolved hardware issues, acquiring a suitable GIS package is the next obstacle. The survey results showed that the majority of respondents (53 out of 89 that possess and use a GIS) used Aegis 3, and the remaining respondents used ArcView or ArcGIS (10 out of 89), MapInfo, Scamp, Digital Worlds, InfoMapper, and Idrisi (Appendix #).

Many schools use Aegis 3 because it is an affordable option, which can be purchased using the school’s ELCs. Several respondents said that they found Aegis to be the most user-friendly software for pupils. However, many respondents stated that they found Aegis to be limited, and that maps were difficult to acquire. However, this could be attributed to a general problem in acquiring suitable data and maps.

Arcview is seen by many respondents to expect too much from pupils in terms of existing skills and this severely limits its potential within education.

Other well known GIS packages, such as MapInfo and Idrisi are also used within secondary education, however several survey respondents found them to be too expensive to purchase, or staff did not receive sufficient training to successfully utilise the technology. As a result, use of those GIS packages was abandoned.   

Digital Worlds is another GIS vendor (Digital Worlds 2006), however they supply a GIS package specifically for use within education, similarly to Aegis 3. The Digital Worlds GIS secondary package supplies schools with not only the GIS software itself, but also with a range of local data sets for use with the software. Supplying both the software and appropriate data would appear to be the direction that GIS vendors should take in regards to supplying schools with GIS software. 

     One respondent stated that most GIS software is far from satisfactory for use within schools. In addition, it would be beneficial to education if a GIS was developed that followed a Microsoft Word/Excel format, that had a range of ‘wizards’ to help students use its analytical capabilities. This is possibly one area that could be investigated further through further research. 

     Many schools are also acquiring software through deals made between the GIS vendors and their LEA. For example, the Dakini Project, has helped schools in the Kent area, such as The Homewood School, to purchase a GIS and to acquire relevant local data (Teachers’ TV 2006), for example to use for GCSE coursework (Appendix 4). The Dakini Project also includes access to a “geo-spatial web server for schools…[which] holds high quality map based data of the Interreg IIIa region (Kent, East Sussex, Nord Pas de Calais, Seine Maritime and Somme)” (Dakini Project 2005), which is useful for conducting local studies within geography lessons. 

Projects and initiatives, such as the Dakini Project, have a key role in minimising the restrictive barriers that schools face.

     Although the OS identified acquiring relevant and suitable data as a barrier to the use of GIS, the OS do in fact provide support for schools in purchasing maps and using GIS. For instance, any map product licensed for use for a particular LEA is also available for use in schools in that LEA area (OS 2006a). The OS also works in conjunction with ESRI UK to enable schools to purchase digital maps for use with a GIS (Maps Direct 2006).  

     Web-based GIS has a key role in the development of GIS in secondary education. Free web-based GIS helps schools that may not be able to afford to buy a specific GIS package, to utilise the representation and analytical power of GIS through the internet. The OS created MapZone (OS 2006b) for this very purpose.  

The Grove School, have successfully utilised the power of web-based GIS, such as The World Wide Earthquake Locator (University of Edinburgh 2006), which is used to help students learn about tectonic plate boundaries and the distribution of earthquakes and volcanoes around the globe (Appendix 5). 

     Other software, such as Google Earth (http://earth.google.com/) and Windows Live Local (http://local.live.com/), have potential purely for their capabilities, and the fact that they are free to use and download. They could help schools to by-pass implementation restrictions, yet would still help students to develop their spatial literacy, and map and ICT skills. Google Earth is probably the most versatile GIS alternative, which allows users to add data layers (overlays), link locations to photos and further information through the Google Earth Community. This has huge potential for schools around the world to share experiences, resources and data. 
6.3 How should GIS be integrated in to secondary education?

The general view deduced from this research is that within secondary education GIS should only be used as an educational tool to enhance lesson content, and should not be taught as a subject in its own right. This view is fuelled by the notion that teaching methods, and the materials used to deliver the lesson content should be varied to engage different types of learners, and to keep challenging students in the development of key skills and geographic skills - such as critical thinking and geographic enquiry.    

     Ideally, schools should follow an implementation process as shown in Figure 2. The GIS Education Implementation Model outlines the process that schools should follow to purchase and implement GIS software, and maintain its use through training and evaluation of resources and lesson materials. For example, even if a school possesses sufficient hardware resources, if they do not have sufficient funding to support staff training, then full implementation cannot be achieved and the use of GIS in that school may not be successful. 

Schools should also utilise resources, such as the RGS software evaluation results (RGS 2006a), and Audet and Paris’ GIS readiness survey, to determine when and how they should purchase and implement a GIS in their school.
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Figure 2 Schools’ GIS Implementation Model

     As stated previously, web-based GIS and other software offer a versatile and free alternative to desktop GIS packages, and should be used as a starting point to introduce GIS to the school and its students. Web-based GIS and other software should be used whenever possible when using ICT within geography to help students develop both ICT skills, and their spatial literacy.

There are also new opportunities to use GIS within geography, which should be utilised. The new pilot GCSE incorporates an optional GIS unit, which introduces GIS concepts in a vocational manner, and teaches students how and when GIS is used along with key GIS skills (GA 2006a). However, this GCSE course is only a pilot, and may not be continued in the future. 

There should also be the provision for students to develop their GIS skills further with the inclusion of a compulsory GIS unit within AS and A2 specifications. There is already a recommendation from the QCA that GIS should be utilised more within A-level geography (Kingston University 2006), however at present there is no formal requirement for the use of GIS. There is, however, the ASET Level 3 Certificate in GIS, which is available to all A-level students and allows students to develop vocational GIS skills for use in higher education or within their chosen career (ESRI UK 2006b).

     To achieve the implementation of GIS within secondary education in England, schools will only be able to overcome the array of barriers if they receive support from the National Government. The survey results showed that 94.6% of respondents believed that more schools would use GIS if they received more support from the national government. This support could be in the form of a bursary or subsidy towards the cost of purchasing an appropriate GIS. Schools could also receive more support from local LEA’s, local government, national government, or higher education institutions to acquire a variety of accurate data, relevant to the curriculum and current issues to make the lesson content relevant to the students. 

The government should consider founding a centre similar to the NCGIA in the USA, to promote and nurture the use of GIS within education. Although this would be a costly step, it would have huge benefits for the use of GIS and the public image of geographic education itself. 

     As 42.9% of survey respondents stated that they found finding time to formulate schemes of work an issue, the QCA and DfES should consider working in conjunction with ‘pioneer’ teachers and GIS vendors to formulate ready-made schemes of work to place on The Standards Site. The Standards Site already contains schemes of work for the Key Stage 3 geography curriculum (DfES 2006), and enhancing this with GIS materials would only improve the teaching of geography throughout England. Schemes of work do already exist on the internet, for example on the ESRI website (ESRI 2006b); however, these are designed specifically for use with ESRI products. 

Other lesson ideas for using different kinds of software can also be found on the internet, such as resources for use with Google Earth (Jenkins, N. 2006). For example, GIS and other software could also be used in conjunction with ‘WebQuests’, where students use the internet to find information to fulfil lesson tasks, solve posed problems or  complete projects or group work.

     To implement GIS in secondary education at a national level would require additional support for teachers. However, this could be found through the creation of a ‘National Schools’ GIS Network’, where teachers can share lesson ideas and provide support and advice for those considering purchasing GIS software, or for those that may be experiencing difficulty learning to use or teach using GIS.   

Specialist status schools are already required to liaise with other local schools to share facilities and resources. Other learning networks do already exist – such as the Staffordshire Learning Network, the South West Grid for Learning and the East Midlands Broadband Consortium. However, a specific GIS schools network could be run in conjunction wit GIS vendors and geographical organisations to provide the best support for schools. 

6.4 How would students and teachers benefit from the integration of GIS in to the geography curriculum?

First, and foremost, the use of GIS within any stage of education would enhance learning, and would enable students to interact directly with the lesson content. This in itself can motivate pupils and would foster a rise in popularity of geography (Teachers’ TV 2006). But most importantly for geography, the use of GIS helps pupils develop a range of geographical skills, including critical thinking, map skills, and aids pupils to develop their own level of spatial literacy. ESRI have also outlined numerous specific areas of learning that would benefit from the use of GIS (ESRI 1995), which are outlined in Table 2.2.


Figure 3 - Steps of Geographic Enquiry

Source: ESRI 2003

	Educational Reform
	· Promotes change and growth for students and teachers, at their own pace

· Promotes a means to find answers, rather than providing answers for students

· Active learning

	Vocational Tool
	· Develops basic ICT skills

· Geographic enquiry skills – questioning, research, analysis, presentation

· Career skills

	Develops multiple capacities and intelligences
	· Critical thinking

· Logical – mathematical intelligence

· Linguistic intelligence

· Spatial intelligence

· Interpersonal intelligence

	Fosters mindset of exploration
	· Encourages discovery learning

· Encourages students to see multiple views of a single issue 

	Promotes Research
	· Helps identify appropriate information

· Promotes data integration

· Promote suitable use of different data types

	Promotes Spatial awareness
	· Helps students to identify patterns in nature of society

· Encourages students to explore and integrate data and information at multiple scales to identify patterns and processes 

	Promotes Computer Literacy
	· File management

· Database manipulation

· Spreadsheets

· Graphics tool use

· Using remotely sensed data

· Accessing the internet

· Presentation

· Integrating additional technology, i.e. GPS

	Learning how to use GIS effectively
	· Use over time helps students identify which tools to use for simple or more complex tasks


Table 2.2 - Educational Benefits of GIS

Source: ESRI 1995

     The use of GIS within secondary education would help teachers to shift teaching and learning from fact based learning to geographic enquiry – such as the process shown in Figure 3. The use of these skills has been made a formal requirement within the Key Stage 3 geography curriculum, which has created an enormous opportunity to use GIS. 

Table 2.3 outlines the specific areas of the Key Stage 3 geography curriculum where the use of GIS would considerably aid student learning. As there is such a huge amount of the geography curriculum that could benefit from the use of GIS, it is very frustrating that it GIS is not used to its full potential.

	1 - C
	- collect, record and present evidence

	1 - D
	- analyse and evaluate evidence

	1 - F
	- communicate in ways appropriate to the task and audience

	2 - B
	- select and use appropriate fieldwork techniques

	2 - C  
	- to use atlases and globes, and maps and plans at a range of scales

	2 - E
	- to draw maps and plans at a range of scales, using symbols, keys and scales

	2 - F
	- to communicate in different ways, including using ICT

	2- G
	- decision making skills, including using ICT

	3 - A
	- the location of places and environments studied

	4 - A
	- describe and explain patterns and physical and human features and relate these to the character of places and environments

	4 - B
	- identify, describe and explain physical and human processes, and their impact on places and environments

	6 
	- all themes

	7 - A
	- study at a range of scales

	7 – C
	- carry out fieldwork investigations outside the classroom


Table 2.3 Areas of the Key Stage 3 geography curriculum 

which would benefit from the use of GIS

Source: National Curriculum Online 2006

     By using GIS within secondary geography, it would encourage not only the use of geographic enquiry skills, but it would help students develop communication and ICT skills, as well as vocational GIS skills. The importance of these skills is that they are not restricted to geography. They are skills that are hugely transferable, and will benefit students for the rest of their academic and working lives.

Using such technology within secondary education would also help students develop confidence in their own academic ability within geography and other subjects, which in itself can improve student performance.

7. Conclusion

GIS as a geographical tool has revolutionised data representation and analysis within industry and academia. Therefore, it seems illogical to not utilise the capabilities and educational benefits of this technology within secondary education.

     Although there are barriers restricting the use of GIS within education – such as data availability, hardware and software resources, and teachers finding sufficient time to incorporate the technology in to lessons, GIS is being used within secondary education in England. However, clearly it is not widely used, and this needs to be addressed. Support networks and implementation frameworks, similar to that provided by the NCGIA, should be provided for schools and teachers to help the growth and popularity of GIS within secondary education.

     Ideally, GIS should be introduced to schools using web-based GIS and free software such as Google Earth. These resources have great potential for the Key Stage 3 and 4 students. At the current time, GIS should not be implemented within Key Stage 2, as it is felt that geographic education at this level is not sufficient to support the sufficient use of this technology.

However, the benefits of using GIS at Key Stages 3 and 4 should not be ignored. These educational benefits should be embraced, and should be used by the DfES to promote the power and potential of GIS for secondary education, particularly for geography.

     This research has succeeded in clarifying and evaluating the use of GIS in secondary education in England. It has also highlighted interesting issues that could be investigated in further research. For example, GIS could be used to help improve inclusion of SEN pupils in geographic education, and to help reduce the performance gap between girls and boys at GCSE level.

     The main problem encountered during this research was finding schools that used GIS. Then actually being able to visit the schools to interview teachers, and to observe lessons, was another problem encountered.

If more time had been available to conduct this research, then access to teachers may have not been as much of a problem as it would have been possible to arrange visits with schools around the main summer holiday (mid-July to September).

     If this research was to be extended further, the educational benefits of GIS for SEN pupils could be explored in more detail. The benefits of GIS for pupils with different VAK learning styles could also investigated in relation to appropriate psychological theory. 
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