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GIS – the fourth “R” in education
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ABSTRACT
For better or worse, computers have revolutionized every aspect of our lives. As we quickly make the transition from an industrial to an information age, computer literacy skills have become a basic necessity. Technology skills are now referred to as the "Fourth R" in education. To successfully learn and use GIS (Geographical Information Systems) technology, one must incorporate the skills of reading, writing, and arithmetic. Understanding and utilizing a GIS system requires a holistic combination of reading instructions, data, and maps; writing hypotheses, reports, and presentations; and using arithmetic to understand queries and spatial analysis. Thus the 4th R as it relates to GIS is a new elevated skill that incorporates the three original R’s in education. Teaching GIS may be just the boost our public educational system needs to adequately prepare students for entrance into the emerging global society.
Where We Are
Teachers have few alternatives other than paring down valuable instructional content and computer literacy skills to accommodate high stakes testing dictated by NCLB (No Child Left Behind), AYP (Adequate Yearly Progress), national, and state standardized testing mandates. Many teachers simply don’t have the luxury of time to teach material that may not be directly aligned with these high stakes tests including new computer technology skills. While much of the content students are currently taught is valuable the sad truth is many students are not acquiring the necessary skills they will need to compete in the global marketplace. A potential solution to this imminent crisis is to successfully instruct educators and motivate them to incorporate GIS into the curriculum.

There is an urgency to educate our students in technology, driven by the business and world economies. We must become a premier digital nation or face the consequences of not taking action. The ramification of these students failing to gain the computer and technology skills they need to succeed strikes at the heart of public education and bankrupts all stakeholders: parents, teachers, school administrators, students, and society at large.
Why GIS?
The use of GIS provides an extremely effective way for students to acquire both mandated instructional content and technical skills, particularly in subjects such as history and geography. Computer skills and the mandated content may be directly aligned with many national and state standards and can be developed utilizing GIS as the instructional delivery mode.
Another valuable aspect of teaching with this tool is the fact that GIS makes excellent use of Gardner’s multiple intelligences, presenting material by means of a variety of senses such as: kinesthetic, interpersonal, auditory, visual, spatially, and through recognition of the natural world. The GIS system is a perfect vehicle to deliver necessary content and contextualize the lesson so that students will not only be engaged but will be motivated to gain the knowledge presented. Using this application in the classroom promotes critical thinking skills for students in addition to honing their communication and presentation skills.

The software program is also an excellent platform for interdisciplinary projects and encompasses multiple subject areas with application to a variety of topics in physical and social sciences, art and design, mathematics, history, and economics/business. “There are many different aspects of social studies, science, math, language arts and other curriculum that GIS can help students explore.” (White, 2004, ¶ 1).
In 2006, the National Research Council published a report entitled “Learning to Think Spatially: GIS as a Support System in the K-12 Curriculum”, which identified the importance of promoting spatial thinking skills across curriculum subjects. As indicated by the report, GIS has the potential to successfully cultivate those skills.  The overarching goal of this initiative is to create the next generation of students skilled in thinking spatially and provide them with the opportunity to compete in an international society.
The Achievement Gap and the Digital Divide
While testing is a necessary component of education it should not be the end all, yet in certain cases it does “end all” for some students. Those marginalized by a host of situations beyond their control, such as: membership in ESOL (English speakers of other languages), lower SES (socioeconomic status) and ESE (exceptional/special education).
GIS can narrow the achievement gap for students at risk and improve their job prospects. For example, instructional data from ESOL (English Speakers of Other Languages) students’ home countries can be incorporated into ESOL lessons. It is a highly regarded fact that when teaching ESOL students, inclusion of their backgrounds, culture, and heritage is extremely advantageous to their instructional comprehension. One of the five standards for student achievement developed by Tharp, Estrada Dalton and Yamauchi, is based on the socio-cultural tenet that “instructional activities are meaningfully connected to students’ prior experience and knowledge” (Doherty et.al. 2003:4). As noted by Reed Bracken and Railsback (2003: 27-28), culture studies can be combined with other strategies such as project-based learning, cooperative learning, and accessing a student’s prior knowledge. To integrate various cultural aspects into GIS projects is a relatively easy task to accomplish given the plethora of worldwide data and lesson plans available. The visual nature of this learning tool and the hands-on experience also provides a venue for enhanced comprehension.
Using GIS technology in the school classroom can also address issues associated with the digital divide by providing high tech geospatial technology skills to all students, increasing their computer literacy skills, and preparing them for life in the new global society. For many disadvantaged youths, having access to computers and learning valuable, marketable skills can be a ticket out of poverty. “In the old days, the only way to get out of the ghetto was sports. “The new way is technology” (Belcher et.al. 2001).
Geospatial Job Opportunities
Perhaps one of the most beneficial skills for high school students is providing them with 21st century workforce skills, noting that there is a multibillion dollar implication for businesses and governments concerning the discipline of geography.
Governments internationally have paid close attention to the evolving technological shifts and view the development of technology skills as the foundation of the country’s future. So must we if we want our next generation to be competitive and viable in the global marketplace. Paul Sarbanes, a Maryland U.S. Senator from 1997-2007 described significant changes in the modern global economy. He said China, India, and the former Soviet Union are “…rapidly integrating into [the] world market with conscious policies to promote specific industries that increasingly compete with our major industries, helping explain why the longstanding U.S. surplus in technology goods had given way to a trade deficit” (Hughes and Kent, 2007, ¶ 2).
Social and financial implications of GIS prompted the U.S. Department of Labor to identify GIS as “one of the three most important emerging and evolving fields, along with nanotechnology and biotechnology with over 900,000 additional jobs in the U.S. in geospatial technology expected from 2002 to 2012” (U.S. Department of Labor Employment & Training Administration, 2005). With the aging of our many professionals in the current workforce there are a number of organizations seeking to recruit the next generation. Curtis W. Sumner LS, executive director of the American Congress on Surveying and Mapping (ACSM), a keynote speaker at ESRI’s (Environmental Systems Research Institute, Inc.) 2007 Educational GIS conference stated that a workforce crisis is imminent regarding professional surveyors, as the median age of a surveyor today is 58 and new recruits are desperately needed to fill the anticipated void. “Mr. Sumner, who is passionate about the importance of expanding the technical and thinking skills of students and educators, sees the intersection of mathematics, engineering, science, and geographic inquiry as a perfect place to foster such expansion” (ESRI UC team, 2007). In addition “NASA says that 26% of their most highly trained geotech staff is due to retire in the next decade, and the National Imagery and Mapping Agency is expected to need 7,000 people trained in GIS in the next three years” (Gewin and Virginia, 2004, ¶ 5).
Political factors supporting the promotion of GIS include Florida State Department of Education’s new initiative with expansion of geospatial technology in K-12 and the President's High Growth Job Training Initiative. “In September, 2004 U.S. Secretary of Labor Elaine L. Chao announced a series of investments totaling more than $6.4 million to address the workforce needs of the geospatial technology industry. The data provided by the DOL indicated that job opportunities are growing and diversifying as geospatial technologies prove their value in ever more areas noting that the worldwide geospatial market grew to $30 billion in 2005.” In addition the U.S. military has spent more than $1 billion on commercial remote sensing and GIS in the past two years (U.S. Department of Labor Employment & Training Administration, 2005).
The political and economic factors noted previously frame a critical component of marketing the prospect of GIS in the classroom. The abundance of available positions and continued growth of GIS in the workforce provides a career path for students graduating high school that may not be ready for college, not interested, or simply cannot afford tuition. 
One School Districts Response

The School District of Palm Beach County recognizes that utilizing GIS in the classroom may not only enhance overall academic achievement, but will also provide students with additional technology tools to succeed in the global environment.
When people hear of Palm Beach County Florida, they think of the wealthy and opulent island of Palm Beach, a very small area of the county. The truth is the county is comprised of mostly middle class and lower socioeconomic population. The school district, which encompasses the entire county, has a very diverse student population. There are over 170,000 members speaking 104 languages and dialects other than English and 40% on free and reduced meals (a breakfast and lunch program sponsored by the government for lower SES children).

To answer the call of progress, Palm Beach County School District, which is the 11th largest in the country, has embarked on a bold plan to implement GIS into its curriculum planning. A methodical approach has been developed which began with the assembly of a GIS Steering Committee. The committee was comprised of various stakeholders at the administrative level, both operational and academic. A few of the members include Career Academies: Curriculum Planning, Educational Instruction, Information Technology, Facilities Management, Transportation, and others. With a specific timeline developed to reach various milestones, work began on acquiring a district-wide GIS site license from ESRI. The license allowed the District to load the software on all of the PCs owned by the District. Teachers and staff may load any of the products on their home PCs, and students may load the Arc View software on their home PCs. In addition, the site license provided unlimited access to the Virtual Campus where teachers and administrators could take GIS classes on-line at their convenience. The cost for this district wide license was less than the price for the individual seats purchased for a select group of operational staff and was the springboard needed to push GIS into the classrooms.
Barriers to Implementation

The pivotal point for successfully integrating GIS into the classroom lies with motivating and engaging teachers to learn and use new innovative tools that can prepare our students with skills and competencies necessary to compete in the global marketplace. Recognizing that teachers hold the key that unlocks the potential for implementation of any new program it is vital to spark their interest and motivate them in this new direction. “The transference of knowledge or know-how comes from the top. If you don't have teachers or administrators who know how to drive forward with this technology, it isn't going to go anywhere...” (Belcher et.al. 2001). Knowing that the success of implementation is essentially up to the teachers, the goal is to encourage them to teach using GIS. By making the program accessible, easy to use, and to provide sufficient training, the hope is that a handful of instructors will become involved and champion its use. Only by allowing the teachers to feel comfortable with the program and not taxing their time by having them develop basic GIS lesson plans can we be successful in this endeavor.
Potential Solutions

A professional development hands-on GIS training workshop was developed for 27 social studies teachers in the summer, 2007; each teacher in attendance received a stipend. The session began with a PowerPoint presentation providing an overview of GIS and the benefits of incorporating the program into the curriculum. As teachers arrived they were provided with a series of GIS material, including a copy of Arc News which contains industry articles regarding GIS, GIS Educator, GIS for K-12 Education publications and a copy of Mapping Our World GIS lesson plan book for middle and high schools (Malone et.al. 2005). The book comes complete with step by step instructions, teacher notes, rubrics, a CD with all the necessary data sets and a wealth of material. 
A training room to hold approximately 30 teachers was configured with the GIS software loaded on the PC’s. The agenda included the introductory module “Arc Map -The Basics” and also the “As the Earth Moves” lesson (Malone et.al. 2005). In addition, teachers followed another GIS lesson plan, “Growing Pains,” on their own, with assistance from GIS staff when needed. The benefit of this hands-on professional development session was to expose teachers to the benefits of incorporating GIS into their classroom curriculum and have them experience the ease of use. A comprehensive evaluation questionnaire was provided to teachers to solicit commentaries on the training session. 
The results of the feedback were beneficial for future development of subsequent workshops. Overall, the course received an above average rating, indicating that most of the teachers were enthusiastic about potential implementation of GIS in their classrooms. They especially appreciated the lesson book, hands-on instruction and the opportunity to go through the last lesson on their own. One suggestion was a lesson plan that incorporated the District’s Social Studies Content Enhancement Routines. Consequently a lesson plan was developed with the ArcGIS 9.2 utilizing data sets which were available from the Internet on the Lewis and Clark expedition, which met these content enhancement guidelines in addition to the Florida Sunshine State Standards. Accompanying the lesson plan datasets is a fully documented step by step class complete with diagrams. The lesson plan is currently under review by the Social Studies Curriculum Planner.
To sweeten the experience, teachers attending the professional development session were also eligible for in-service points once they completed the follow-up activity. The follow up activity entailed teachers conducting a class utilizing a lesson from the Mapping Our World GIS lesson plan book, (Malone et.al. 2005) and submitting several answer sheets from the activities section.

The school district is also pursuing the possibilities of working with Palm Beach Community College and Florida Atlantic University to develop a geospatial (GIS) technology track, including articulation agreements and dual enrollment programs. This endeavor will coincide with framework currently under development by Florida Department of Education for a GIS Career Academy. 
Complementing existing coordination with the social studies curriculum planner, the science curriculum planner recently became involved in development of a GIS/GPS program which will be developed for a “green” elementary school slated to open next year, as well as a high tech middle school and a high school. Working with professors from Palm Beach Community College, Florida Atlantic University, and school district staff, we are well on our way to gaining teacher involvement and GIS implementation into the instructional curriculum. 
Future Possibilities

If the U.S. in general and school districts in particular are remiss in providing opportunities for our teachers and students to learn new computer based skills, we will be left behind in this technological age. If we continue to focus on high stakes testing and avoid the “writing on the wall”, countries such as China will surely pass us and the next generation will be poorly equipped to compete. According to the National Science Board 2004 Indicators report in the past 30 years higher education engineering and science programs have seen a drop in student enrollment from third in the world to seventeenth (Friedman, 2005:257). American society as whole will suffer from our negligence. Administrators, parents, and community leaders must recognize that we need to introduce new and improved methods for education – our future is at stake. 

The residual benefits of implementing GIS into the classroom are plentiful. It is anticipated that administrators will see gains in high stakes testing as more students are engaged in the learning process and retain a greater depth and breadth of information. Teachers learn a valuable new skill that leverages the subject matter they teach, providing them greater job satisfaction. For this vision to come to fruition, it will be necessary for teachers to embrace this technology and administrators to provide them with the opportunity to acquire adequate instruction. Perhaps the greatest benefit is societal: it is the legacy we leave for our next generation – the opportunity to succeed and compete in the global society.
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