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What impact has GIS had on geographical education in secondary schools?

The use of Geographical Information Systems (GIS) has become an increasingly important element in secondary level geography in recent years. The 2000 National Curriculum Programme of Study made little mention of GIS, but the draft orders that are due to be released in September 2007 refer consistently to its use:

‘The curriculum needs to provide opportunities for pupils to:

· Use varied resources, including maps, visual media and Geographical Information Systems’ (QCA, in Gardner 2007:7)

In the draft Welsh Geography subject orders, the use of GIS appears for the first time as a measure of ‘exceptional performance’ within the Key Stage Three level descriptions:

‘They use GIS, and interpret and analyse different maps to select information and identify relationships between spatial patterns’ (DELLS, 2007:21)

At GCSE and higher levels GIS is regularly referred to in exemplar materials as an effective means of developing knowledge and understanding (e.g. WJEC, 2006:22), though not as a statutory assessed element of study. The Pilot OCR GCSE makes direct reference to GIS as an important skill throughout the course (OCR, 2004:21), and recognises its importance by offering a specific GIS optional unit (OCR, 2004:38-43).

The importance of GIS in secondary geography is clearly evident at the curriculum planning level, but to what extent is this reflected in the classroom practice of most departments? Though research on the use of GIS remains rather scarce in the UK, there is clear evidence from the United States that use of GIS in schools has been at best limited, with Kerski (2003:2) reporting that less than 2% of American schools have adopted the use of GIS. 

There is clearly a gap between the importance of GIS amongst the curriculum planners and the level of usage in the classroom. This assignment deconstructs this apparent schism by reviewing current literature and reflecting upon my own experience as a teacher in a mixed secondary school in South Wales. The opening section reviews research on the impacts of GIS on geographical learning. The second section explores the reasons behind the apparent reluctance of departments and individual teachers to adopt the use of GIS in the classroom. The final section looks to the future and offers ways forward.

What impacts does GIS have on geographical learning?

1. Spatial understanding

Recent geographical curriculum reform in England identifies the importance of organising ‘big concepts’. The draft Key Stage three programme of study is structured around seven key concepts (place, space, scale, interdependence, environmental interaction, changing physical and human processes and diversity). Lambert (2004) identifies these as the subject’s grammar (in Jackson 2006:199). The concept of ‘space’ or spatial awareness is one of these key concepts. Lambert (2006:4) defines spatial awareness as ‘the ability to recognise, interpret and understand spatial patterns, distributions and relationships’. This, I suggest, is the essence of GIS. Wiegand (2001:68) argues that GIS allows the user to visualise and analyse spatial information in new ways, revealing previously hidden relationships, patterns and trends. My own research in the classroom has recognised this development of spatial understanding as a key impact of using GIS (Biebrach, 2005:1). Analysis of school microclimate fieldwork would previously involve creating graphs on a spreadsheet and commenting on patterns. Using GIS students are able to rapidly create spatially located graphs which led to significantly improved analysis and geographical interpretation. The ability to perform spatial operations on databases and generate graphic output that would be laborious or impossible to do manually (NRC, 2006:163) is a key benefit of GIS. The microclimate case study that I mentioned could be manually manipulated to create spatially located graphs, but it would be laborious and time consuming, thus reducing the time available for detailed analysis. 

2. Enquiry-based learning

The National Curriculum programme of study of key stage 3 maintains that teaching should ensure that geographical enquiry and skills are used when developing knowledge and understanding (1999:22) and is an integral part of each attainment target. Roberts (2003:37), however, contends that enquiry-based learning is not well developed in the classroom. An American study of the impact of GIS on education, argues that ‘in principle GIS reflects many of the ideas of exploration driven, discovery based, student centred inquiry’ (NRC, 2006:177). Using GIS pupils can ask geographical questions, state hypotheses, select information and receive an almost instant response. A-Level students in my class hypothesised on the location of a north south divide in Italy, selected appropriate data and created a series of choropleth maps. This gave them an almost instant output. More time could then be spent on analysing and explaining the results. Students could synthesise information by compiling it in different ways and evaluate their hypotheses in the light of this analysis. This was clear evidence of higher-level cognitive understanding. Wanner and Kerski (1997:2) conclude that GIS allows more time for this higher-level analysis without extending project time. 

Deeper analysis of the impact of GIS on enquiry learning suggests that it is not perhaps the panacea that some might suggest. The National Academy of Sciences contend that GIS focuses mostly on the later stages of enquiry, namely, analysis, presentation and communication, with little focus on hypothesis generation (NRC, 2006:177). This is a common failing of enquiry-based teaching. For example a group of AS students were using GIS to explore the links between population movement and socio-economic status in Cardiff. Almost as soon as they were sat in front of the computer a number of students had created choropleth maps showing a range of different variables. Arguably, this could either be seen as poor teaching, or that they were experienced users of GIS and knew what they had to do to create a visual output, but had failed to engage in the initial enquiry phase. As a consequence the students were unable to form the conceptual links between population movement and levels of socio-economic status. When revisiting this task with a different group the importance of asking questions and stating the hypothesis was emphasised and helped the enquiry process move on more effectively.

Kerski (2003:24) concludes that based on studies of high school GIS use in the United States it fundamentally alters the manner of teaching in the classroom. For GIS to have a positive impact there must be an emphasis on enquiry-based learning. I contend that GIS in itself will not develop genuine enquiry-based learning, but that it creates an environment that allows the teacher to promote enquiry learning.  

3. Linking information to identify relationships

‘GIS has the potential to generate new information on patterns and relationships between multiple sets of geographical information that would otherwise be missed’ (RGS, 2006)

Year 8 students collected climate data from around the school and linked this data to points (hot spots) on an Ordnance Survey Landline map. This enabled pupils to compare the impact of wind speed, shadow, and buildings on temperature. The pupils could turn the variables on and off to evaluate which were most important. A level students linked an Aegis3 world map containing a series of development indicators to the US Census bureau website containing population pyramids. By linking this data pupils could formulate theories about the population structure of a country based upon its level of development.  Baker and White (2003:251) contend that the use of GIS has the potential to move students quickly beyond the practice of mapping where things occur and immediately launches them into determining why things occur. This higher order learning is recognised by Kerski (2003:22) who argues that using GIS fosters higher order analytical and synthetic thinking.  

Students have used GIS to evaluate geographical ‘models’ as part of a unit of work on rural change. Students mapped population change in relation to different variables (proximity/accessibility to urban centre, planning decisions and scenic quality) and compared their results to the textbook ‘model’ example. Students were able to identify similarities and evaluate the effectiveness of the model in our context. Research has suggested that GIS applications are about problem solving in particular contexts rather than elucidating general theories or laws (NRC, 2006:178).  I argue that this can be seen in both a positive and negative light as although we are unlikely to form generalisations as the studies are often specific to certain places, as critical thinkers we should question the validity of generalisations in particular contexts. Geographical models have an important role to play, but skilled geographers need to have the skills to evaluate their appropriateness.

4. Vocational learning

In the OCR GCSE geography Pilot specification GIS makes up one of the nine optional units. The specification states clearly that it is a ‘predominantly vocational option…candidates are introduced to the use of GIS in a range of jobs and careers’ (OCR, 2004:38). GIS research literature also recognises the impact on vocational learning. For example, Bednarz (2001: 3) comments on the value of GIS as an essential future workplace skill.  In interviews with colleagues in my department teachers readily identify the vocational aspect as a benefit of using GIS:

“Using GIS helps students see geography as helping in future careers” (geography teacher)

Student feedback has also pointed to the vocational importance of using GIS:


“I didn’t realise how many jobs use this technology [GIS]” (Year 8 pupil).

This may be an important consideration in raising awareness of the benefits of geography when choosing options in year 9 and year 11, but is this important in enhancing geographical learning? Bednarz (2001) questions the appropriateness of this vocational emphasis:

“Are we just to prepare ‘trained knowledge workers’ for the Information Economy?” (2001: 3)

I argue that the benefits of GIS to geographical learning do not lie in its vocational nature, but rather its emphasis on the ‘real world’. Kerski suggests that GIS brings ‘real world relevance to curricular areas’ (2003:16), whilst Wiegand (2001: 70) points to its technological capability for ‘real-world problem-solving’. 

Year 9 students used GIS to identify spatial patterns of different crimes around their local area and used this to present recommendations to representatives from the local police force. One could argue that this had a vocational element to it, in that this sort of analysis is carried out by police forces, but I contend that it was the real world relevance that made the project effective.

5. Motivation

In using GIS with a variety of ages and abilities I have been consistently aware of the heightened levels of motivation within most classes. West (2003:272) researched levels of motivation in students using GIS and concluded that ‘students were more focused when involved in GIS-related activities…showing a greater degree of intrinsic motivation’. As in the previous section this can be seen in a positive light and one always welcomes strategies that encourage students to remains focused, however, this needs qualification. Firstly the results of West’s research do not distinguish between the impact of using GIS and that of simply using computers that had the greatest impact on student attitudes (West, 2003:272). He concludes that further research is needed to discern the impact (Ibid). If it is just the novelty of using computers that increases motivation, then I would argue that this lacks sustainability.  Over time students will potentially lose interest as the practice becomes more familiar. Secondly, increased motivation alone does not directly impact on geographical learning. Just because a class are focused on the screen, it does not always follow that they are actually learning. Further research should focus upon the learning outcomes, not just the observable level of ‘focus’ in a classroom. In addition, research into longer term learning outcomes might help to address the much disputed ‘Hawthorne effect’, that levels of motivation increase purely as a result of the study group being under research scrutiny.

One could argue, however, that a heightened level of motivation increases the likelihood that learning will follow.  A key element of enquiry learning is creating a ‘need to know’. Roberts (2003:40) maintains that ‘needing to know’ is not just an aspect of the first stage of enquiry work; it is important that the need to know is sustained throughout. If using GIS maintains or increases motivation, this can have a positive impact on geographical enquiry.

Levels of motivation in students using GIS can also be reduced as a result of the perceived complexity of some software. Some students are put off by educationally inappropriate GIS software that is complex to learn (NRC, 2006:183). West identifies students who felt less comfortable and less in control of the learning due to the complexity of software (2003:272). I would argue that there is an increasingly large variety of GIS packages available to schools ranging from industry standard to primary school level. The complexity of the software need not be a barrier to developing geographical learning.

Potentially the use of GIS can have a range of positive impacts on geographical learning. Why then is the use of GIS so limited in secondary schools? The following section examines a few reasons for this slow adoption in schools.

1. Perceived complexity

Research suggests that the complexity of GIS software can be a barrier to usage in the classroom. National Research Council findings in the US points out that industry standard GIS software is ‘educationally inappropriate’ (2006:183) as it can be difficult to learn and complicated to use in the classroom. In interviews with my own colleagues a common reason for not developing their own use of GIS was that they were not confident in using it. NRC research concludes that there is often a difference between the perception and reality of the time it takes to learn how to use GIS (2006:193). In the UK there are a variety of educationally specific software packages that are more simplistic, but have little of the power of industrial software.  

2. Cost of software and availability of hardware

Wiegand contends that the cost of software is a reason for the lack of take up (2001: 68). With already stretched departmental budgets, the choice of investing in a relatively expensive technology with which staff are unfamiliar is often a barrier to development. My own interest in using GIS only came about due to the investment of the local authority in software and site licenses. Without this initial external investment I suspect the use of GIS would be minimal in my school. 

3. Lack of time to prepare lessons using GIS

Research in US schools suggests that of those teachers using GIS, on average 62% spent time outside the classroom developing their own use of GIS, with 21% using it at home regularly (Kerski, 2006:11). This is a considerable investment in time that many teachers are not able or not prepared to make. In developing a one hour lesson using GIS to explore the links between population movement and levels of affluence in Cardiff I spent over ten hours meticulously drawing polygons and linking them to census data. One can argue that this resource can be used many times in the future, but it is clearly a major barrier to using GIS. This time barrier in the developing the use of ICT in general was identified as far back as 1980 in seminal research by Shepherd et al who conclude:

‘Any teacher looking to the computer to reduce his [sic] workload is in for a surprise’ (Shepherd et al, 1980:20) 

4. Access to data in appropriate formats

The difficulty in obtaining data and map sets for outside the US is noted by Wiegand as being a reason for the lack of take up (2001: 68). As already mentioned above, GIS can offer students ‘real world relevance’ (Kerski 2003: 16). I contend that the local area can provide the real world relevance, but the local area will not automatically have available data. As described above, to create this data requires considerable time and effort. Industrial standard software can create this data (e.g. shapefiles) relatively easily, but this is often confined to higher education establishments. Many Local Education Authorities have been quick to develop digital mapping systems, yet the availability of this data to geography departments remains at best inconsistent. Fargher (2004) states that ‘uptake is patchy with some local authorities adopting a very proactive approach and others not addressing GIS in schools at all’. 

5. School level issues

In schools the access to networked rooms that can run GIS software is often variable. In my own establishment network compatibility and access to networked rooms has been a limiting factor in our development of GIS across the department. Colleagues have suggested that they would be more likely to use it if they could access the facilities. In a study of wider ICT usage, Watson (1998) contends that ‘colleagues find the micropolitics of access too inhibiting’ (in Watson, 2001:259). 

     6.   No compulsion to use GIS

In a report assessing the impact of GIS in US schools the National Research Council link the slow take up of GIS as not featuring in compulsory assessments:


‘We assess what we value and we value what we assess’ (NRC, 2006:6) 

In a busy and congested curriculum, I contest that adding another element that is time consuming and perceived to be complicated is unlikely to become embedded without an element of compulsion. The NRC conclude that some teachers feel GIS ‘will take time away from the essential test preparation tasks’ (2006:201).  Often the exam specification uses GIS as a ‘possible learning opportunity’ or ‘exemplar learning experience’ (e.g. WJEC, 2006: 22) but if the students are not to be examined on this specifically then there appears little incentive to invest time and money in developing the use of GIS. Wiegand concludes that there is currently ‘no statutory or examination board obligations to incorporate GIS into the curriculum’ (2001: 68).  

      7.   Little evidence of learning impact

Bednarz (2001) warns against ‘technocentrism’ pointing out that ‘little research is available that backs up claims that GIS enhances geographical learning’ (2001: 1). This mirrors a wider study of ICT usage by Watson who contends that ‘those who do not yet use IT in their classes do so for sound professional reasons’ (2001:260). She develops this further by arguing that the ‘focus should shift towards a pedagogic cultural agenda’ (2001:261). If teachers view GIS as just another ICT gadget, with little proven learning gains, the decision not to invest time and money in the software and training is a valid one.

A study based in the US by Kerski concluded that GIS improved the assessment scores of ‘average and below-average students’ and that students scored higher in ‘four out of nine tests’ using GIS compared to traditional methods (Kerski, 2003:21). In a study based in Dubai by Aarons, he concludes (based on a study of 80 students) that more pupils using GIS achieved ‘average’ and ‘advanced’ geographical attainment than those who did not (Aarons, 2003:100). Though encouraging initial research, when deciding whether or not to invest in GIS, this is hardly compelling evidence of its impact.  At present, therefore, much of the potential of GIS is ‘garnered from intuition’ (Keiper, 1999, in Bednarz, 2001: 2), with more robust and extensive research there might be more incentive to embed GIS in the geography curriculum.

Of these barriers to take up, I contest that the final two hold the key to ensuring the ‘state of art is the state of practice’ (Means, 2004, in Kerski, 2003:6). Money and time for software and training can be put aside; data can be created and is becoming increasingly available on-line but without emphasising the learning gains and offering an element of compulsion, GIS will be confined to individually motivated teachers.

Ways forward 

The impact of new technology in the classroom can often create an exciting and potentially beneficial learning environment. The introduction of video in the 1980s and computers in the 1990s captivated classes, yet now have little novelty value. Google Earth creates similar positive reactions today. I have yet to find a pupil who is not impressed by the ability to ‘fly’ to their house and view their car parked in the driveway! Researchers contend that GIS elicits a positive motivating reaction but if it is to become embedded in the curriculum we must recognise it as a powerful learning tool, not just a novelty. McInerney states:

“We must go beyond the ‘wow’ stage of implementing GIS in the classroom.” (2003, in Fargher 2006: 4)

The novelty value of GIS will diminish rapidly, and I suggest that this will be a true test of whether GIS is a motivating influence – when students have used it for an extended period of time.

Kerski (2003: 27) argues that teachers using GIS today are all innovators, not the norm. His research in the US points to GIS users as experienced individuals, rather than whole departments. In my own institution this is also the case. When interviewed on this subject a colleague confirmed that they were “content to see if it is all worth the effort before diving in” (geography teacher). One would expect the enthusiasm of individual teachers (‘innovators’) to result in dissemination and greater integration of GIS within departments, but this is clearly not happening. Watson recognises this trend concerning the integration of wider ICT in the curriculum:

‘Curriculum change theorists have generally asserted that once a small cohort of innovators emerge their adoption of the innovation cascades through their peer group of subject teachers. Yet it is clear that this is not happening.’ (Watson, 2001:259)

Watson carries the argument further by suggesting that the innovators can, however unintentionally, inhibit greater integration as they are perceived as ‘mavericks, as different from them’ (1993 in Watson 2001:259). This argument suggests that a more organic, bottom up approach as being ineffective in securing curriculum change. The National Research Council report argues that the reliance on the individual expert is a ‘fragile situation’ (NRC, 2006:202) as if that teacher leaves, GIS potentially leaves with that person. This concept of ‘shadow’ is equally applicable to other areas of curriculum development, as if a department projects onto an individual the belief that ‘only they can do it’, serious problems arise when that person leaves. Hargreaves points out that ‘working closely together can help to overcome the phenomenon of individual teachers feeling geographically and philosophically isolated’ (Hargreaves, 1998, in Fargher 2006: 6). Furthermore, if the value of GIS as a cross-curricular learning tool is recognised this may ensure its place is secure. McInerney (2002, in Fargher, 2004:77) points out that raising the cross-curricular profile of GIS across schools may prove successful in securing budgeting for training in the long run.

When I began using GIS in my teaching, it was often as an ‘add on’, a fun activity when the ‘real work’ had been completed. If GIS is to be used effectively it must be integrated into the curriculum. This has its own set of challenges. To what extent can the geographical learning developed using GIS be assessed? Can students demonstrate progression in their use of GIS? These issues need careful consideration if GIS is to be effectively embedded in the curriculum. Recent developments at a national level, including the changes proposed to the National Curriculum programmes of study in both England and to a lesser extent in Wales suggest that GIS will increasingly become part of our schemes of work. Issues of progression and assessment will have to be addressed in the coming months.

In interviews with members of my department colleagues consistently point to a lack of training as being a key factor preventing greater use of GIS. In my own situation I had to apply for funding to attend a day-long course which used up my CPD allowance for the entire year. Teachers have to be sure that GIS is important before they make that decision. The National Research Council points out, however, that there is often a difference between the ‘perception and the reality of the time it takes to learn how to use GIS’ (NRC, 2006:193). Industry standard GIS has a reputation of being complicated to use, but teachers do not need to master the intricacies of the software to achieve results:

‘… they [teachers] do not have to be GIS aficionados to use it in the classroom’ (NRC, 2006:193)

The level of skills required, therefore need not be a barrier, but having the skills alone will not ensure teachers are confident in using it in the classroom. Fatemi (1999) argues that teachers need ‘integration training’ along with basic skills training to feel better prepared (in NRC, 2006:207).  The National Research Council report (2006) concludes that there are five interlocking components to successfully implementing GIS:

‘material support, logistical support, instructional support, curriculum support and community support.’ (NRC, 2006:219)

Skills training alone, therefore, will not bring about the integration of GIS. Material support in terms of investment in software and hardware, logistical support from technicians, instructional support from skills training, curriculum support from subject developments and community support from teacher networks. As mentioned previously, each of these factors has their own barriers to overcome. 

The growth of web-based GIS in recent years further reduces the need for such highly developed skills. Baker (2002, in Aarons, 2003:32) argues when using web-based GIS the technical requirements are reduced. The computer need not have the memory, processing or hard drive capacity that would have likely been required of desktop GIS. A recent article by David Mitchell in a teaching journal encourages less confident teachers to start by exploring web-based GIS:

‘You need only the most basic IT skills to use GIS effectively in a lesson. If you can do no more than find a website on the internet, you can still have your pupils exploring places at a range of scales, in plan, profile and oblique views…’

(Mitchell, 2007:1) 

A final ‘way forward’ is to research and celebrate the educational value of using GIS. Watson argues that ‘most teachers reject the symbolic functionality of the technology as too removed from the professional purpose of schooling’ (2001:261). Although she focuses on wider ICT issues, Watson contests that using ICT is often purely skills based:

‘It is sad to see pupils use a spreadsheet without a genuine need to explore and model a relationship in the data they are manipulating.’ (Watson, 2001:256)

The essence of GIS is finding geographical meaning in the data. If used effectively, GIS moves beyond ‘symbolic functionality’ and can create genuine geographical learning opportunities. Watson concludes that ‘if the focus should shift towards a pedagogic cultural agenda, there is a greater chance that teachers will selectively consider ICT’ (2001:261). I argue that this is equally true of GIS. Research discourse should focus on the pedagogical implications rather than just the technological and micro-political barriers.

Conclusion

The use of GIS has brought about a revolution in my own teaching. It has made me consider far more carefully the geography underpinning my lessons by forcing me to focus on key organising concepts such as spatial awareness. When carrying out crime GIS analysis with year 9 students I am frequently asked ‘what has this got to do with geography?’ The analysis of spatial patterns of crimes in relation to socio-economic data and the characteristics of individual places to me is geography in its ‘purest’ form. 

The use of GIS has also challenged my methods of teaching. The nature of GIS promotes enquiry-based learning, although some research points to it developing the later stages. It has enabled me to move away from a transmission mode of teaching to promoting more socially constructive learning. In using GIS, students are allowed to ‘explore new information…reshape and reconstruct knowledge…and make students aware of different ways of seeing things’ (Roberts 2003, 28). This is a central aspect of geographical learning.

I argue that motivation and vocational learning are of secondary importance but are worthy of consideration, especially in these times of falling numbers opting for geography at GCSE level. The creation of interesting and enjoyable lessons which captivate students and help them to see the relevance of geography must be worth promoting.

There are clearly barriers to the development of GIS in most schools. These barriers range from financial costs and micro-politics of access to networked rooms to more significant barriers of lack of compulsion. The NRC point to the need for ‘systemic integration’ (2006:202) of GIS into the curriculum, rather than just relying on the potentially fragile situation of the ‘lone pioneering teacher’ (ibid). 

Recent national level curriculum developments including revised key stage three National Curriculum programmes of study and the OCR GCSE Pilot qualifications have again thrust GIS into the limelight. This political decision is based on minimal research, as Keiper argues, much of its potential is ‘garnered from intuition’ (1999 in Bednarz, 2001:1). In the UK there has been encouraging early research in the form of MA dissertations from Aarons (2003) and Fargher (2004), but there continues to be a need for wider education research that places the use of GIS within the ‘pedagogic cultural agenda’ (Watson 2001:261). 
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