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Project Description
a. Goals and Objectives

NSF supports the development of greater technological, critical thinking, and quantitative reasoning competency for all of our students, not just SMET majors (NSF, 1996).  Special attention also needs to be paid to members of under-represented minorities.  New Jersey City University is a federally recognized minority institution (Hispanic-Serving Institution, H.S.I.), with a very diverse student body (roughly 40% white, 30% Hispanic, 20% African-American, 10% Asian).  As such, NJCU is an excellent site for development and testing of innovative ways to improve technological and reasoning competencies for a diverse American public.


GIS technology provides a pathway that can be utilized to infuse skills traditionally viewed as “scientific” (e.g., technological, spatial reasoning, quantitative reasoning, and critical thinking abilities) into “non-science” curricula, and we propose to exploit this capability at NJCU.  The P.I., in conjunction with College of Professional Studies faculty and students, will develop five 1-credit modules consisting of several (2-4) discipline-specific GIS exercises that will then be attached to our 3-credit, introductory “core course” - GEOG 250 (GIS I) - to create a new, 4-credit, introductory GIS course.  This is an extremely efficient way to offer what will effectively serve as 5 courses, each tailored to meet the specific needs of students in the following majors:

· Business / Marketing

· Criminal Justice / Security

· Fire Science

· Nursing

· Public / Community Health


If successful, this discipline-specific approach to introductory GIS training will be expanded from the College of Professional Studies to other NJCU Colleges: Arts & Sciences; Education; and Graduate Studies / Continuing Education.  GIS skills are in high demand in majors served by these colleges too, and our students recognize that GIS training can provide a competitive advantage in the marketplace.  For example, at least two of our GIS students majoring in Education have found that GIS expertise enhances prospects for employment as secondary school teachers.  One of them has already been offered a position at a prestigious magnet science high school near Washington, D.C., in part because of her GIS expertise (Ramos-Pough, pers. commun).  Two of our Criminal Justice majors have found that GIS training is very positively viewed by potential employers for both entry level positions (Manderano, pers. commun.) and promotion (Freire, pers. commun.)


Re-training / re-tooling professionals in the College of Graduate Studies and Continuing Education will also benefit from a discipline-specific approach to introductory GIS.  Plans are already being developed for online GIS training at NJCU, a method that has proven popular at schools such as Penn State and the University of Redlands (CA).  Online training is facilitated with the introduction of fully functional ESRI ArcView® 8.x software available for home use, in contrast to earlier versions (3.x) which limited the student to “cookbook” exercises that many GIS educators found to be pedagogically ineffective (Nye et. al., 1998).  It is anticipated that online GIS training will accelerate the infusion of GIS into a large community of life-long learners and re-tooling professionals in northern New Jersey and thus improve the technological competency of the general public.


Review of NSF-funded, GIS-related proposals, visits to a number of university-based GIS websites, and input from ESRI’s Higher Education Coordinator (A. Johnson) suggest that the discipline-specific approach to introductory GIS proposed herein (core course plus modules) is unique.  Discipline-specific GIS exercises are often utilized by educators (e.g., Cerrito, Univ. of Louisville; Miller, Murray State) and by GIS software providers (ESRI), but these exercises are typically reserved for advanced levels of training, not the introductory level targeted here. 

b. Detailed Project Plan 
1.  Need / Problem

At NJCU, our goals are to 1) reduce the time-to-graduation rate, and 2) increase the graduation rate of our students, many of whom are first-generation, non-traditional college students from under-represented minorities (30% are Hispanic, 20% are African-American).  Success in achieving these goals requires increased student persistence and retention, formidable obstacles in light of the economic and cultural challenges our students face.  Creative means of educational delivery, utilizing multi-media, student-centered, and cohort-based approaches to learning, are proving successful at improving retention and persistence at NJCU (T. Pamer, NJCU Title V Activity One Director, pers. commun).  GIS technology, when combined with modern pedagogy that incorporates hands-on lab exercises and community-based independent research projects into coursework can be very effective in creating an atmosphere of active learning (Montgomery, 2003).  As such, it is a logical tool to use to improve persistence and retention for all NJCU students.

2. Evidence of success of active learning in improving competency, persistence, and retention – 
Success of the proposed project is predicated upon achievement of several outcomes:  1) Hands-on GIS exercises and community-based research, both of which involve active learning, will result in improved student performance and competence in areas such as technology, critical thinking, and quantitative reasoning; 2) Success in overcoming GIS-related challenges due to improved competence will result in improved student self-esteem; 3) Improved competence and self-esteem will combine to produce improved persistence and retention rates for NJCU students.  Evidence supporting these premises is presented below, both from the literature and personal experience.


Our first premise, that GIS-based, active learning will produce improvements in student competence, is supported by the literature.  Dunning et al. (1996) used cutting-edge technology in computer modeling and simulation to develop problem-based exercises in physical and environmental geology at Indiana University that enabled their students to “learn science by doing science”.  The authors contend that achievement of better science education will continue to require utilization of technology in “active, collaborative learning with emphasis on learning by doing”.  At the Univ. of Massachusetts - Amherst, Yuretich et al. (2001) found that adding inquiry-based, cooperative activities to large lectures improved student competence in analytical thinking and quantitative reasoning.  Results from course evaluations, student surveys, and exam performance demonstrated measurable increases in information recall, analytical skills, and quantitative reasoning.  Similarly, Lahm and Bair (1999) found, at both a small school (Capital University, OH) and a large research institution (Ohio State), that the introduction of student use of spreadsheets into several courses at different levels (Environmental Geology, Hydrogeology, Groundwater Modeling) improved quantitative reasoning in both science and non-science majors.  The authors ascribe these improvements to the fact that modern spreadsheets have graphical capabilities that enable students to visualize complex quantitative relations (e.g., Theis groundwater drawdown curves).  They also noted that, because of their interactive nature, spreadsheets promote active learning.  The backbone of any GIS system is its database, which operates very similarly to a spreadsheet.  In GIS exercises at NJCU requiring automated calculation, querying, or legend manipulation, the visualization capability noted by Lahm and Bair (1999) helps students better understand quantitative processes.


Another premise of this proposal is that increased student self-esteem, achieved through overcoming obstacles, will translate into improved performance in other areas.  At California State – Los Angeles, Stull et al. (2001) found that active-learning assignments requiring student assessment of local geologic hazards (susceptibility of neighborhoods to flooding, landslides, contamination of drinking water) resulted in students reporting high levels of satisfaction “not achieved elsewhere in their university education”.  These research findings correlate well with the P.I.’s experience at NJCU.  A number of students enter our introductory GIS course with some trepidation concerning their technological competence and analytical / quantitative reasoning.  However, success in the course can lead to increased self-confidence, and several students who performed at higher-than-anticipated levels took some risk and applied for paid research internships, which they were awarded.  Attaining and completing the internships bolstered their self-confidence even more, and now these students are considering technical career paths that were unthinkable prior to confidence-building experiences facilitated by GIS.

  
A third premise is that improved self-esteem and competence will translate to improved persistence and retention.  The literature indicates that active learning improves not only performance and competence, but persistence and retention as well.  For instance, in a comparison of inquiry-based vs. traditional lecture format in Earth Science sections at the University of Akron, Steer and McConnell (2001) found that incorporation of active learning activities (increased student interaction and cooperative exercises) improved performance on both multiple-choice and short answer questions on tests.  They also found that student retention was twice as great in the active learning section (only 6% dropped the course) than in the traditional lecture section (11% dropped the course).  These findings correlate with the P.I.’s personal experience: student dropout rates from traditionally-taught courses such as Physical Geography and Earth Science are typically higher than in hands-on courses such as GIS I, II, and Field Methods (~10% vs ~5% dropout rate).

3.  What we plan to do

Over a 3–year period, a series of discipline-specific GIS modules will be created for each of five different disciplines (Business / Marketing, Criminal Justice / Security, Fire Science, Nursing, and Public / Community Health, and will be phased into operation each semester.  Plans call for these modules to have been developed and tested at least once by the end of the grant period (ca. Sept. 01, 2007).  Each module will contain several (2-4) hands-on exercises that will be developed in consultation with faculty, professionals, and students in each discipline, at NJCU and elsewhere.  These experts will: 1) Define critical learning outcomes to be achieved for each disciplinary module, and 2) provide feedback to the P.I. as he identifies the specific GIS skills that need to be developed in order to achieve the learning outcomes.  The essential learning outcomes and the critical GIS skills to be developed will ultimately dictate the number of exercises needed for each disciplinary module.  For example, it may be desirable for a public health professional to learn how to use GIS to perform address geocoding (automated address matching) and to create 3D models for enhanced visualization for community residents, but it may be unwise or unwieldy to combine development of these skills in one exercise.


Once the desired pedagogical learning outcomes have been determined, the P.I. will use the NSF-based adaptation and implementation (A&I) process to modify exercises created by disciplinary experts with GIS expertise at other institutions or organizations.  The P.I. has successfully utilized the A&I process in the past to develop (Montgomery, 1999) and enhance (Montgomery, 2001) a GIS lab and curriculum, and has already embarked upon the path proposed herein (GIS core course plus discipline-specific module).  Through a grant awarded to Passaic County Community College (PCCC) to develop GIS/GPS training in the field of Public Safety, the P.I. is currently (Fall 2003) training in-service public health professionals and emergency responders.  After some basic GIS training, the students have begun to bring in their own data in order to (among other things) map the Passaic County West Nile virus containment program and to improve Jersey City Medical Center’s emergency response time.


Potential contributors of discipline-specific GIS exercises to the proposed effort are numerous and diverse.  A number of educators and professionals have already been contacted by the P.I., and several have already graciously offered exercises for A&I if the proposal is funded by NSF.  Areas of discipline and potential contributors are summarized below.


Business / Marketing module - A number of excellent exercises have been found.  Dr. Fred Miller of Murray State Univ. has already graciously offered exercises in market assessment, geocoding, customer profiling, and site selection / market analysis.  Another potential candidate is “Siting a Home” (ESRI), which involves use of Spatial Analyst, the “raster” extension for the primarily vector-based ESRI GIS system.  Other potential contributors who have been contacted include Pellissippi State, which offers a GIS / Business Certificate, and the University of Redlands (CA), which has courses in policy and business, marketing, and global business analysis that are part of their Master’s GIS in Business program.  Dr. Chris Hendrickson of Carnegie Mellon has also been contacted re: his NSF Award 0328071, “Supply Chain Environmental Impacts”, which could combine business and public health.


Criminal Justice / Security module - Mr. Lew Nelson (ESRI Criminal Justice Industry Coordinator) has offered a number of suggestions.  Several modules are available through the Nat’l Archive of Criminal Justice Data that emphasize data preparation and creation of “pin maps”.  Other resources, available from the Nat’l Institute of Justice, include exercises in geocoding in law enforcement and integrating community policing with crime mapping.  Two potentially fascinating topics are presented in Geospatial Solutions magazine: “Solving serial killer murders in Spokane, WA”, and “Spatial help in the aftermath of WTC”.  The latter topic has particular poignancy for residents of northern New Jersey.  There are also a number of crime-mapping articles available through the Police Foundation that could lead to exercises in school violence analysis, statewide crime mapping, drug-related crime mapping, and the use of GPS in vehicle tracking and recovery. 


Fire Science module - Mr. Russ Johnson (ESRI Fire Science Industry Coordinator) has offered a number of suggestions for exercises, including response analysis (where incidents occur and they can be prevented) and data collection techniques.  An exercise will be developed highlighting the multiple ways in which data (e.g., floor plans, fire hydrants, water lines) can be brought into the digital realm via hardcopy scanning, CAD file importation, and GPS, rectified, and then incorporated into a GIS.  Fire experts from Colorado State (P. Omi) and the State of Florida (J. Brenner) have been contacted for help in selecting / developing exercises, and Brenner has already provided a list of contacts and suggestions for forest fire modeling, which uses the ESRI Spatial Analyst® to predict fire behavior.  There are also a number of professionals in New York State who use GIS and ESRI’s Network Analyst® for vehicle routing, fire / emergency service, etc., to calculate the shortest path to the scene of an emergency in either time or distance.  NJCU has site licenses for both of these products.


Nursing module – There are several areas of GIS application that are immediately apparent.  One area is the prediction of future nursing demand and nursing professional profile as a function of future health risk and changing population demographics (Todorov and Jeffress, 1997).  Jeffress and the P.I. were associated with an NSF-funded activity to develop better GIS exercises for U.S. college students (Nye et. al., 1998).  In a somewhat different use of GIS in nursing, Fischbach and Spinello (1997) analyzed concentrations of heart attacks in Los Angeles county with respect to location, proximity to health care providers, public transportation, socio-economic status, and demographics.  They concluded that a prescriptive health education program to improve self-awareness of symptoms and teach proper response could be developed.  This paper could form the foundation for an excellent exercise.  Also, Indiana University – Purdue University at Indianapolis (IUPUI) and the Indiana University School of Nursing initiated an effort to bring GIS into the nursing program ca. 2000, and the P.I. has contacted Dr. Joyce Krothe, Director of the IU School of Nursing, for more information.


Public / Community Health module – Several potential sources have materialized for this module.  The P.I. has contacted Karl Zimmerer (2001), Univ. of Wisconsin – Madison, about his NSF award for his doctoral research using GIS to correlate socioeconomics, land use, and malaria incidence in Argentina.  Dr. Patricia Cerrito (2001, 2003), who has been awarded two NSF grants to use GIS, statistical analysis, and data mining to study the interaction of environmental factors and health outcomes, has also graciously offered her support, data, and methodology for A&I.  Local sources of potential data and exercises may come from the P.I.’s current GIS class of public health professionals.  One project could involve mapping mosquitoes, the incidence of West Nile virus, and the efficacy of adulticide spraying.  Another project could utilize Jersey City Medical Center data and air quality data to study potential triggers of asthma attacks, using Dr. Cerrito’s methodology as a guide.
4. How the plan will achieve expected outcomes by improving NJCU facilities and resources

Since 1999, NSF has helped the P.I. develop a high quality GIS lab at NJCU.  The lab includes six (6) very fast Dell 340 Workstations and nine (9) additional Dell computers; a high-resolution Umax tabloid color scanner; and excellent printing capability (HP 4600dn color laser printer; HP 750 C plus 36” color plotter).  In order to achieve maximum impact on persistence and retention, we must offer GIS to more students per semester, but the GIS lab is now strained beyond capacity due to increased GIS enrollment.  Designation of GIS I as one of a few “Area F” (Quantitative and Computer Literacy) courses and creation of a GIS Certificate have produced strong, sustained enrollment demand.  In 2003-2004, at least 60 students will enroll in GIS I, as many as 80 students in 2004-2005, and potentially 100 in 2005-2006.


A solution to our current dilemma rests in more efficient use of existing space.  Through his experience teaching GIS at PCCC, the P.I. has determined that wireless notebook computers, when used with a server for file storage, are extremely space-efficient alternatives to desktops.  Purchase of a locking cart equipped with 24 Dell D800 Latitude computers will enable increased GIS enrollment, which will ensure sustainability and increase impact.


Another important component of active learning involves bringing research and real-world projects and problems into the classroom.  Thanks in large part to NSF support, we have secured or facilitated many opportunities for undergraduate research, internships, and community-based projects since 1999, because our students have the skills and the equipment to perform valuable services for the University and the community.  During the 2002-2003 academic year, more than a dozen NJCU GIS students and two community residents received funding to perform a wide variety of tasks on federally-funded (HUD, U.S. Dept of Education, U.S. Army), state-funded (NJ Housing Scholars), and locally-funded (NJCU) projects.  However, on several occasions, we had to go offsite (e.g., Detroit, MI, and Montclair State University) in order to scan large maps, which was expensive and inefficient.  Purchase of a large-format scanner will facilitate the incorporation of existing large-format (36”) hardcopy data (maps, CAD drawings, USGS quad maps, etc.) into our GIS projects.  This device will expand our capability and enable us to bring new research activities to NJCU.  For example, two NJCU GIS students are currently involved with NJCU Facilities to migrate campus infrastructure data from hardcopy to the digital world.  NJCU Facilities Dept. administrators have already expressed interest in having the entire NJCU hardcopy inventory scanned, and would be willing to pay NJCU GIS students to do it.  Also, if we are successful in our HUD-funded sewer mapping project near downtown Jersey City, the Jersey City Municipal Utilities Authority is considering paying NJCU GIS students to scan and rectify the city’s entire sewer system in ArcGIS.


GPS data collection also plays an integral role in active learning and community-based research.  Our Trimble GeoExplorer 3 GPS receivers have been used by NJCU GIS students for infrastructure mapping (sewers, lights, fire hydrants), shoreline change mapping on Sandy Hook, geologic mapping at High Point State Park, and ground penetrating radar (GPR) line location.  Our current mapping grade GPS capability can be upgraded to real-time, survey grade (+/- 1 cm) with a relatively modest upgrade (< $5K) to our new Leica GS 50+ system, purchased with our last NSF grant (Montgomery, 2001).  This upgrade is necessary because we are engaged in community-based, HUD-funded research that requires both survey-grade vertical accuracy and very little time on the target.  Our research plan is to produce an accurate 3D representation of the sewer system and groundwater table to test the hypothesis that the aging, permeable Jersey City sewer system, already near sea level, is being flooded by rising groundwater during rainfall events.  Our Trimble mapping-grade GPS receivers are inadequate to position the sewers in the vertical dimension, and the traffic is so intense in Jersey City, even at off-peak hours, that measurement using our electronic total station, which has adequate vertical accuracy, is too slow.  We can solve this problem by upgrading our Leica GS 50+ receiver to real time kinetic (RTK), made affordable by the return of the total station to Leica.  This upgrade will enable us to complete our current research and will lead to new research opportunities that require extraordinarily high vertical positional accuracy.

c. Experience and Capability of P.I.
The P.I. is William W. Montgomery, Ph.D. (Western Michigan, 1998), Assistant Professor of Geoscience/Geography at NJCU since 1998 and recently tenured.  The P.I. has familiarity and success with the CCLI - A&I approach to curriculum, laboratory, and equipment improvement, and is qualified to serve as a pedagogical leader and principal coordinator for this project.  He has over fifteen (15) years of professional experience in geological / geophysical mapping and personnel supervision, and has used GIS to perform a number of research tasks (Montgomery et al., 1998, 1999; Montgomery, 2000, 2003).

During the course of doctoral research on shoreline recession in the Great Lakes, the P.I. developed a new GIS-based methodology for the characterization and mapping of lithology and hydraulic head in glacial materials (Montgomery et al., 1996a).  He also took an existing GIS application (airphoto rectification and registration), developed a methodology that refined the application to a higher level of accuracy and precision, and then used it in the analysis of historic patterns of shoreline recession (Montgomery et al., 1997; 1998).

The P.I. introduced GIS to NJCU in 1998.  He equipped a GIS lab and developed a GIS curriculum in 1999 (NSF Award 9950903), enhanced the curriculum with new equipment and field exercises in 2001 (NSF Award 0088576), and recently expanded the program with the introduction of a GIS Certificate in 2003.  He and his students have performed a variety of community-based GIS research projects for HUD (infrastructure mapping), the Urban League of Hudson County (neighborhood demographics and land use), the Communipaw Ave. Block Association (zoning analysis and geocoding), and NJCU (urban planning).  Other projects performed by his students include more traditional geoscience research, including geologic mapping in NW New Jersey, shoreline change mapping on the Jersey Shore, groundwater well location and hydraulic head mapping, GPR data acquisition, and nearshore bathymetric mapping with LIDAR and boat surveys.

The P.I. has also been active in the implementation of NJCU’s new outcome assessment program, designed to measure and longitudinally track student competency in 7-8 areas.  He has served on several of the assessment rubric development committees for 4 of these: quantitative reasoning, critical thinking, technology, and oral presentation.  He plans to utilize the assessment rubrics in order to evaluate changes in student competency as a function of their exposure to the new discipline-specific GIS course and research activities that will be developed during the course of the proposed project.

d. Evaluation Plan


NJCU is part of a national consortium that is pioneering the use of assessment rubrics as a means to help students improve their core competencies, provide a more objective foundation from which to judge the effectiveness of pedagogy, and improve persistence, retention, and student graduation rate.  The colleges and universities involved are: University of Akron; Portland State; Indiana University – Purdue University at Indianapolis; U – Missouri, Kansas City; University of Miami (FL); Wagner College; University of Portland.  The consortium initially used national assessment models (e.g., Alverno College, WI), and developed competency rubrics that have become models themselves.


The P.I. and his students have used the Oral Presentation rubric for over a year, and have found that the evaluation activity itself promotes a participatory, active-learning classroom atmosphere.  Since performance indicators are clearly defined, student evaluations of their peers are remarkably similar to the instructor’s evaluations, and are combined with the instructor’s when determining presentation grade.  Since the performance indicators are objective and non-judgmental, an atmosphere of cooperation and mutual support is developed, which helps all students maximize their performance.

The evaluation plan needs to be constructed to measure, pre- and post-project:

· Technological , critical thinking, and quantitative reasoning competency

· Persistence and retention

In developing the evaluation plan, the P.I. will consult with handbooks such as the NSF Handbook for Project Evaluation (NSF 02-057), as well as several evaluation experts currently working with NJCU, in constructing formative and summative evaluations.  Input from disciplinary experts will also be considered in the evaluation process to ensure that the rubrics adequately measure the skills that these experts deem important.  We will also plan to administer student surveys to provide measures of student satisfaction.


An evaluation plan that utilizes two measuring systems, a more conventional formative-summative approach on one hand, and the NJCU rubrics on the other, will be considered as the evaluation plan is formed.  This would provide a way to field-test the accuracy and adequacy of the new rubrics in comparison to more established means of outcome assessment.  Since this is anticipated to be a 3-year project, there will be ample opportunity to perform formative evaluations with the rubrics and other measures, such as student satisfaction feedback, during the course of the project.  This should enable us to institute “mid-course” corrections to the project in order to achieve maximum benefit.  In the P.I.’s experience with GIS exercises, student feedback has invariably improved the exercises by making the directions easier to follow, the desired learning outcomes more achievable, and the potential real-world uses more apparent.

e. Dissemination of Results

Ms. Ann Johnson, ESRI Higher Education Coordinator, has expressed the opinion that the proposed project is unique in her experience, and potentially has very wide applicability because many universities share similar pedagogical structure in the teaching of GIS.  There may also be widespread interest in our experience utilizing student competency rubrics as project evaluation tools.  The P.I. plans on disseminating results through forums such as regional and national Geological Society of America meetings, and in a widely read journa such as the Journal of Geoscience Education.  There may be two phases of dissemination: one after 2-3 GIs modules have been tested and evaluated by students, and a final one incorporating summative evaluation of the project.  If these exercises prove useful, the most effective dissemination will be the adaptation and implementation of these exercises by other GIS educators throughout the country.
f. Results from Prior NSF Support

In 1999, the P.I. secured NSF support (NSF 9950903, $16,052) for development of a dedicated GIS lab with a plan to adapt and implement portions of GIS curricula from other institutions.  The dedicated lab was necessary because GIS students were unable to get adequate “seat time” in NJCU’s main computer lab to maintain a steady learning curve.  They would learn a skill one week, could not reinforce it through exercises, come back the next week, and start all over again.  Compounding this problem was the fact that available “cookbook” exercises did not promote critical thinking or problem-solving.  Students would complete an exercise but were incapable of translating what they learned into solving a different problem.  Just after receipt of funding, the P.I. joined the Houston Community College System (HCCS) consortium (Nye et al., 1998, NSF Award 9850344), a group of GIS educators who produced a new collection of workplace exercises that were designed with critical thinking, problem-solving, and A&I in mind.  The P.I. adapted and implemented several exercises that enable GIS skill development in several areas: importing and creating data, editing and querying databases, automated mapping with databases, contouring, and automated GIS overlay analysis.  These improved exercises facilitated development of skills and self-confidence, and enabled them to perform real-world research projects, which further developed skills and self-confidence.

A second NSF award in 2001 (NSF 00888576, $75, 064) enhanced our equipment base and pedagogy.  New computers, GPS receivers, and ground penetrating radar (GPR) enabled us to improve our pedagogy by incorporating more field data into our courses and research. Courses impacted include GIS I, GIS II, Field Methods, Coastal Geology, and Geophysics, which has not been taught recently.  This equipment and pedagogy has helped create a new generation of skilled GIS students and a plethora of undergraduate research projects that have benefited student and community alike.  HUD has supported five students engaged in infrastructure and groundwater mapping, using high-resolution airphotos and GPS for rectification.  The U.S. Army and State of New Jersey have supported four students engaged in bathymetric mapping and urban planning.  NJCU has supported eight students who have mapped geology and groundwater, performed resident surveys and contaminated site mapping, and created 3D spatial models of Jersey City for urban design and land use planning.

The dedicated GIS lab and new equipment have completely transformed the learning experience for our students. They have seen their skills and value grow.  This has translated into excellent word-of-mouth advertising that has caused GIS enrollment to now exceed capacity, and the number and quality of student projects has established the GIS lab as an invaluable community resource.  As our equipment and skill bases have grown, so has our positive impact upon the University and the community.  With NSF help, we are poised to take the next step, and impact the University and the community on an even larger scale. 
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