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Thinking Spatially: Incorporating Geographic Information Science in Pre and Post Secondary Education
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1. Introduction

The first United States conference on the educational application of geographic information systems (GIS) sponsored by the National Science Foundation (NSF) was held in 1994. At that conference, an official of NSF focused discussion by asking these questions, “We need … recommendations about where GIS is now, and where it is going to go as a research tool. What is the learning that produces understanding of concepts and processes students should know and be able to apply? What insights does GIS allow that the other ways of learning do not? What is GIS going to allow in education that we cannot do in other ways?” (Salinger, 1995, 24). In 2001 we still do not have answers to these questions. We still do not know the exact position of GIS or Geographic Information Science (GISci) in pre and post secondary schools worldwide, and we, the geography education research community, are still not sure of the exact contribution of GIS/GISci to substantive geographic learning. Nor are we able to state unequivocally that GIS/GISci in pre and post secondary education has a clear, positive effect on the development of spatial thinking and reasoning, one of the central goals of geography education. Yet, we assume that there is a connection and labor to incorporate GIS/GISci in some form in classrooms.

The purpose of this paper is to investigate the potential and actual role of GIS/GISci in geography education. First, I review and evaluate the arguments for GIS/GISci in pre and post secondary education. Second, I explore efforts to develop a pedagogy for GIS/GISci. Finally, I summarize related implications for the implementation of GIS/GISci.  Let me be clear: this is a call for geography educators to think critically about the value of GIS and to study its uses in geography education carefully. New educational technology is seductive. Radio, television, computers, multimedia, and now hand-held computing devices have, in turn, been offered as solutions to educational problems. Claims were made that each would enhance learning and transform the educational system, yet the system absorbed each without the intended change (Cuban, 1986). In this case, I argue we must carefully evaluate the value of GIS to geography education and encourage only that which promotes and supports spatial thinking. We do not wish to fall prey to technocentrism, the justification for the use of technology because of the so called Mount Everest rationale—we use it “because it is there” (Salomon and Perkins, 1996; Bednarz and Ludwig, 1997). 

2. Spatial Thinking, Geography Education, and GIS/GISci

There are two competing and yet complementary justifications for incorporating GIS/GISci in pre and post secondary education: 1) the educative justification: GIS and its theoretical superstructure, GIScience, supports the teaching and learning of geography; and 2) the workplace justification: GIS is an essential tool for knowledge workers in the 21st century. 
2.1 The Educative Justification: GIS and Teaching/Learning Geography

For geographic educators the most important and powerful argument for incorporating GIS into the curriculum is its purported ability to enhance spatial thinking skills. In the United States, the National Geography Standards (1994) specifically encouraged the inclusion of GIS in pre-collegiate education, noting that GIS could be used to enhance students’ geographic skills and ability to think spatially. There are three dimensions of spatial thinking: spatial visualization, spatial orientation, and spatial relations (Golledge and Stimson, 1997, 158). Spatial relations, listed in the left hand column of Table 1, are the aspects of spatial thinking most often developed in geography classrooms. 

Table 1: Spatial Thinking Skills

	Spatial Relations
	Processes Used in Cognitive Mapping and GIS

	Abilities (skills) that recognize spatial distribution and spatial patterns

Identifying shapes

Recalling and representing layouts

Connecting locations

Associating and correlating spatially distributed phenomena

Comprehending and using spatial hierarchies

Regionalizing

Comprehending distance decay and nearest neighbor effects in distributions (buffering)

Wayfinding in real world frames of reference

Imagining maps from verbal descriptions

Sketch mapping

Comparing maps

Overlaying and dissolving maps (windowing)
	Constructing gradients and surfaces

Layering

Regionalizing

Decomposing

Aggregating

Correlating

Evaluating regularity or randomness

Associating

Assessing similarity

Forming hierarchies 

Assessing proximity (requires knowing location)                                                              

Measuring distance

Measuring directions

Defining shapes

Defining patterns

Determining cluster

Determining dispersion


These parallel closely the processes used by individuals to develop their cognitive maps, shown in the right hand column of Table 1.  Cognitive maps are the store of knowledge an individual has about environments organized as internal models of the world. Cognitive maps are the basis of both spatial and non-spatial decision-making. They are produced by the interaction of spatial relational data, spatial thinking processes, and environmental attributes as filtered through perceptions, beliefs, values, and attitudes. It has been suggested that cognitive maps are an internalized geographic information system. “It is difficult to think of a single functionality embedded in the GIS that does not have a parallel in human information processing capability (Golledge and Bell, 1995 cited in Golledge and Stimson 1997, 236). 

Thus it is asserted that GIS helps students to learn geography by practicing spatial thinking such as associating and correlating spatially distributed phenomena and enhancing cognitive mapping skills such as assessing similarity and proximity. A publication showcasing examples of GIS in US and Canadian schools states, “GIS is a powerful analytic tool that helps people understand the significance of spatial distribution patterns, whether the issues involve the siting of a new professional sports stadium, animal migratory patterns, or designs for cost-effective school bus routes” (Audet and Ludwig, 2000, 4). But research has not confirmed the connection between spatial relational skills and GIS instruction. A review of research in the US on measures of effectiveness of GIS concludes, “much of the potential is garnered from intuition or related more broadly to the combination of technology and constructivist learning environments” (Keiper, 1999, 49). Research comparing the efficacy of hands-on mapping activities with comparable GIS-based learning experiences for students found no significant difference between groups (Kerski, 2000). While it seems intuitive that GIS will compliment the development of key geographic skills it is not yet proven.

2.2 The Workplace Justification: GIS as an Essential Skill 

Many of the arguments for teaching GIS in elementary and secondary schools use workplace skills (employment opportunities) as the most important justification. The position paper written to establish a committee to study the incorporation of GIS across the K-12 curriculum by the prestigious US National Academies cites first and foremost, “…concerns about the capacity of the American workforce to compete successfully in a context defined by intense international competition in global markets and rapid technological change in the nature of the work process.” The paper presents GIS as a decision support system able to manipulate an increasingly important commodity, spatial data, and links GIS to the need for “knowledge workers” able to collect data, calculate and analyze data, and communicate knowledge, stating, “A GIS can both support and help implement the critical thinking skills that are central to creating smarter workers” (Committee on Geography, 2000). In the influential document, NCGIA Core Curriculum, Goodchild and Kemp (1990) rationalized incorporating GIS into pre-collegiate education because 1) it is a key tool to analyze the environment and solve problems, particularly at the local scale, 2) it enhances student interest in geography and related subjects, and 3) GIS is an attractive technology capable of motivating students to careers in science and engineering. At the post secondary level, the growth and proliferation of GIS certificate programs, on-line, Web-based distance learning GIS modules such as ESRI’s Virtual Campus, and related self-teaching opportunities for “busy professionals” further illustrate the workplace value of GIS. The inclusion of GIS in pre and post secondary geography education is thus justified to meet workplace needs and to smooth the school-to-work transition. 

2.3 Evaluation 

I posit that the educative justification is more appropriately within the realm of geography education. While providing students with key technological skills is a worthwhile and legitimate concern of education, geography educators should be cautious about serving a merely essentialist role providing trained knowledge workers for the Information Economy as opposed to preparing educated spatially skilled individuals. A review of a partial list of skills mastered by students using GIS shown in Table 3 indicates that a large number are related to the technology of GIS and not to anything inherently geographic. The question that needs to be considered relates to time. Given the limited amount of time in the curriculum for geography, is it worthwhile to spend it mastering GIS?
Table 3: Skills Addressed by the Use of GIS
	General Computer Skills
	Learning skills

	file management

downloading and uploading Internet-based data

data manipulation (unzipping, saving, printing, formatting data)


	working in teams to tackle real world problems

creating reports and presentations communication with peers


	Database Skills
	Geographic, Cartographic and Visualization Skills

	classifying data differently

observing the results on maps

sorting, querying, creating and populating new fields
	image & network analysis

clipping, unioning, dissolving

reprojecting data

symbolizing points, lines, areas

creating a map layout 

three-dimensional analysis skills


3. Developing the Pedagogy

In the United States and elsewhere (see Green, 2000 for a rich description of dissemination efforts in the UK) GIS has been slow to diffuse into pre-collegiate classrooms (Bednarz and Ludwig, 1997, Audet and Ludwig 2000, Committee on Geography, 2000). The reasons have been attributed to three sets of factors. One set is related to hardware and software requirements, the need for accessible data, and other technical obstacles. A second set relates to teacher conceptualizations of geography, technological skills, and the paucity of appropriate curriculum materials. A third set relates to the reluctance of teachers to invest time and effort to learn new technology without assurances of institutional support or career advantages. While progress has been made on each of these sets of factors, the linkage to the curriculum remains a significant impediment. Teachers in the US who have most successfully implemented GIS have done so through a total reorganization of their curriculum and a shift to problem based learning (Bednarz, 2000, Donaldson, 2001). Current trends in education in this country and an emphasis on high stakes assessments, however, have discouraged many adventurous teachers from taking risks and reorganizing their geography instruction and assessment. This may or may not be the case in other nations.

GIS has also been slow to diffuse into an educative role in post secondary geography classrooms. Although GIS/GISci is an increasingly important part of geography programs in higher education it is rarely used as a teaching technology, that is, there is a great deal of instruction about GIS but little instruction with GIS. This is significant in the United States where geography is a general education course in many higher education institutions and non-geography majors are the largest constituency for geography courses. Scant attention has been paid to issues related to pedagogy and GIS at either the pre or post secondary level, leaving a number of significant and important questions unanswered.  For example, does GIS facilitate student development of spatial relation skills when used to illustrate lectures? What effect will seeing university professors using GIS to teach have on the next generation of teachers? What are possible ways to teach GIS/GISci? Which methods and strategies have the greatest impact on the development of key spatial skills that will enhance further geography learning? What role can critical pedagogy play in developing socially attuned curricula and teaching strategies to produce GIS consumers with the necessary skepticism and understanding to practice its use ethically? There is a need for research in these areas and others in both pre and post secondary contexts.

An interesting realm for research related to pedagogy lies in the ideas of naïve geography. Egenhofer and Mark (1995) extend the analogy of naïve physics proposed by Hayes to suggest that GIS should capitalize on the naïve knowledge of geography that is held by people. This idea supports research in science education on the role of misconception in concept development (Bransford et al., 1999). An examination of what students already know about spatial relations could help teachers construct and develop learning opportunities with GIS more closely related to human cognition. If GIS actually matched the cognitive processes used to develop cognitive maps more effectively, it could be hypothesized that it would have a greater effect on students’ abilities to develop a more sophisticated and accurate understanding of geography (Raper, 2000). 

4. Implications for Incorporating GIS/GISci

The implications of this discussion for geography educators are evident. We need to be clear about the role of GIS in promoting the core tenets of geography before proceeding to invest continued time and effort on its behalf. It is not sufficient for us to assume that GIS promotes and develops spatial skills. We need to know if it occurs and under what conditions in order to further expand its practice—or to find better and simpler ways to achieve the same goals. We need research on a wide variety of pedagogical and curricular issues. But most importantly we need to make a strong geographic and pedagogic case for or against GIS/GISci. If the case is made, then we can begin to devote the time and effort needed to prepare GIS-literate teachers, GIS-enabled classroom instructors, and spatially attuned curricula. We do not need to join a technology-driven-workplace-oriented crusade on behalf of GIS/GISci unless we are convinced that it is in the best interests of students and their personal, social, and spatial development.
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