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INTRODUCTION: The design and implementation of Geographic Information Systems (GIS) courses in undergraduate programs often focus on learning a new set of vocabulary, technical skills and analyses frameworks, often accomplished via a lecture and laboratory exercise format in which students learn the concepts in lecture and then apply them through simulated computer exercises.  While this is effective in teaching an introductory GIS course, in an advanced course students are often seeking a different type of experience, yet one that continues to enhance skill development and expertise.  A parallel challenge for undergraduate programs is meeting an increasing demand by students for skills that are immediately marketable upon graduation, particularly real-world project management skills and strong GIS technical and cartographic communication skills.  There is, however, limited time and opportunity within the framework of traditional undergraduate programs to offer this type of hands-on training while simultaneously increasing conceptual and theoretical knowledge and improving technical abilities.  The Advanced GIS course in Geography at Macalester College is one example of an effort to bridge this gap between traditional academic learning environments and the need for undergraduate students to develop research and project management skills. 
This course utilizes the framework of a community partnership project. By incorporating relevant, real-world research and analysis into the course, students advance technical skills, work with community partners, and develop a final report that has implications beyond the classroom.  This provides an experiential learning opportunity that mimics a real-world project scenario while maintaining an academically challenging course within the undergraduate GIS-Cartography curriculum.  The course model discussed here has been developed, tested and refined over the past two years in the GIS Concepts and Applications course (Advanced GIS).  We provide evidence from two types of projects, one research-oriented (PCEC project) and one design-oriented (Lake Street project), as examples of how this model can be applied during a single semester with undergraduates who have had only one previous introductory GIS course.

This paper contributes to a growing literature addressing GIS pedagogy and the role of applied research in enhancing learning within an undergraduate curriculum (Ditty et al. 2007, Goodman 2007, Hernandez and Armstrong 2007; Nyhus et al. 2007, Perramond et al. 2007).  Fundamental to this approach is the incorporation of both conceptual understanding and technical skill development.  This paper develops a third dimension of this teaching strategy by incorporating a pseudo-public participation or civic engagement component.  

LITERATURE REVIEW: Service learning and community partnerships, an overview: Partnerships between universities-colleges and communities, non-profits, or local governements are an increasingly common strategy for enhancing civic engagement among students and facilitating positive relationships between communities and institutions of higher education. Partnerships have been used to address conservation issues (Trauger et al. 1995), improve public health (Israel et al. 2005, Lasker et al. 2001), and revitalize neighborhoods (Ahlbrandt 1986).  College-community partnerships serve local communities and generate a positive exchange of skills, information and understanding.  


While these partnerships are often promoted for their positive attributes, such as improved relations with local communities, increased student awareness and civic involvement, there is much debate and discussion about the nature of these collaborations and the role of service-learning as one component.  Service-learning is one of several strategies to engage students with a community or organization through a semi-structured course-based experience.  Ehrlich (1999) defines service learning as a combination of study and hands-on learning activities that typically involve a collaborative effort to address a community problem (p246).  Broadly, these collaborations are labeled civic engagement, participatory research, action research, applied research, asset based community development, community-based participatory research (CBPR), among others.  Each has a particular philosophical perspective and slightly different learning goals for students.  An example from the GIS discipline is that of Public Participation GIS (PPGIS) or participatory GIS (PGIS).  A key component of PPGIS is to engage and empower local communities through GIS technology via collaborations between grass-roots organizations and an individual or organization with GIS technology and skills (Elwood and Ghose 2001), although this is determined by process and priorities within the collaboration rather than simply as an outcome of utilizing GIS (Sieber 2006).  Central to PPGIS or PGIS is the role of the community in guiding the direction and content of the collaboration thereby resulting in greater empowerment for the community (Kwaku Kyem 2001).  

Each of these general models frames the interaction between colleges and communities differently.  The discussion offered by Lewis (2004) highlights one of the major criticisms in college-community partnerships; the philosophical assumptions adhered to in designing courses with a service-based learning component and who the primary beneficiary should be: students or community.  Other debates include whether service learning should be required or optional (Parker-Gwin and Mabry 1998).  Others, such as Mohan (1995) and Yarwood (2005) suggest that there are long term benefits to students and communities. “By engaging students with the problems of their immediate geographical community—not just as passive observers but as active participants and contributors – we may be able to give them insights to the causes of and solutions to social problems, the contribution they, as individuals, might make to solving these problems, and their responsibilities as citizens” (Mohan 1995, p130).  Yarwood (2005) argues that such learning experiences reinforce what students have learned in the classroom through the application of these skills and knowledge to real-world issues and further by developing students collaborative skills, that is, the ability to work effectively within a collaborative situation.


Although the positive aspects of service-learning and community partnerships to both students and the community are many, there remain many challenges to instituting a successful service-learning experience from a curricular perspective.  Delli Carpini and Keeter (2000) suggest that “the key to success is likely to be found in the nature of the service-learning experience and how well the experience is integrated into the classroom” (p636).  The following sections outlines a model of a course-based college-community partnership strategy utilized in the Advanced GIS class at Macalester College. The model and two case studies are highlighted in order to facilitate discussion of this particular strategy for engaging students in collaborative work.
MODEL: In developing a model for course-based collaborative projects within a standard 15-week course, several important goals about student learning are essential: 1) increase GIS technical skills; 2) advance intellectual inquiry into GIS applications; 3) engage students in real-world project management via community partnerships.  In considering these diverse goals it is necessary to create a general model to provide a flexible framework for the course.  In this way college-community collaborations are possible for a wide range of projects while still assuring the academic integrity and meeting established objectives.   

The current model reflects an ongoing assessment and revision of strategies for meeting the three primary objectives.  It is divided into three stages with three strands of emphasis.  The stages are temporally-based with an initial Set-up and Project Design Stage, followed by an Intermediate Stage and a final Project Completion Stage (See Figure 1).  Each stage addresses three important strands within the model: Teaching-Learning Environment, Partner Role, and Project Management.
	STAGE
	TEACHING

& LEARNING ENVIRONMENT
	PARTNER

ROLE
	PROJECT
MANAGEMENT

	Setup / Project Design
	Issues surrounding project;
Project management
	Provide clear goals
	Project Design, Communication, Goals, and Time Line

	Intermediate
	Technical skills;
Advance additional skills
	Provide feedback and recommendations; Redirect if necessary
	Time management;
Coordinate with client and group members

	Project Completion
	Apply cartographic principles to create outputs appropriate to end-user; Integrate alternative digital representations to engage client
	Final comments and modification; Specific requests for final data formats
	How to cope with criticism


Figure 1: Diagram of College-Community Collaboration Stages and Strands

During the Set-up and Project Design Stage several basic goals must be accomplished including obtaining background information on project issues, ensuring data availability and establishing partner expectations.  These basic terms of the partnership and project must be determined by the instructor in collaboration with the potential partner before the course begins.  During the first few weeks, students are required to read and discuss a series of predetermined articles, reports, or editorials pertaining to the general subject area (Teaching-Learning Environment).  The partner also makes a brief presentation of their background and general expectations for the project.  This informal but structured discussion encourages an open dialog among all parties and helps students become more confident of their role and establish a professional relationship with the partner.  A project site visit might also be appropriate depending on the type of project.  For example, a neighborhood based project such as the PCEC project (discussed in detail below) is ideal for getting to know the study area and prompting pertinent questions about data and context (Partner Role).  Lastly, a structured class period is utilized to discuss general project management styles and strategies as well as to brainstorm major goals and tactics for finishing the project within the allotted time period (Project Management).    

Week four or five is the time for students and instructors to collaboratively evaluate the major project tasks, divide tasks among students, and evaluate the necessary technical skills to complete each portion of the overall project. In this stage structured lab exercises are incorporated into the class sessions.  In this way students increase their technical skills within a structured learning environment before applying these skills to the partnership project.  For example, one project might require advanced geocoding or raster analysis skills while a different project might require greater knowledge of georeferencing and map design (Teaching-Learning Environment).  Simultaneously, students may meet outside of the class period to more fully develop and articulate their methods via a brief written proposal.  This proposal can then be presented to the partner and instructor for initial feedback and recommendations.  At this point, an open dialog between students and instructors is necessary for refining time lines, goals, and outcomes.  It is critical that the partner is active at this stage given that students work independently to achieve these collaboratively established goals over the following weeks (Partner Role).  The instructor’s role during this period is one of guidance, deadline enforcement, and general support for groups or individual students, including technical support as well as maintaining positive group dynamics (Project Management).  

During the last few weeks, the final analyses and product, either a report or visual product, must be completed and presented to the partner.  For example, a research-based project requires a well-written, cohesive report in non-technical language accessible to the partner and broader community.  It is often difficult for students to make the transition from academic writing to more report-based writing for a general audience, but this is a critical skill for any student entering a profession which emphasizes the communication of complex ideas and processes to a general audience (Teaching-Learning Environment).  One useful strategy is to have the partner review a draft of the deliverable and provide constructive criticism during a structured class period.  This criticism allows students to make modifications or corrections before presenting it the partner (Partner Role).  
Preparing a research report for an outside partner also requires students to accommodate various viewpoints and modifications that they may not have anticipated.  It is important at this stage to provide a process for students to reflect on their role and the broader outcomes of the project.  This can be done as an interactive discussion session amongst the students and instructor, preceded by an individual journal or reflective essay assignment (Teaching-Learning Environment).  Lastly, to complete the project, data and reports must be transferred to the partner and made accessible to the appropriate audience.  One strategy for accomplishing the dissemination element is to create a website with the final document and maps available to the public (Partner Role/Project Management).  During this stage the instructor’s role is to monitor progress of final product completion.    
CASE STUDY 1: PCEC PROJECT (PROFESSIONAL AUDIENCE): During the fall 2005 semester, the Advanced GIS class worked with the Phillips Community Energy Cooperative (PCEC) to determine target populations in the city of Minneapolis eligible for free or reduced-cost, energy-efficient refrigerators and air-conditioning units. PCEC previously received a grant from Xcel Energy to distribute replacement refrigerators and air conditioners to people meeting certain criteria.  The primary goal of the project was to identify 3,000 homes in Minneapolis that would likely meet the required criteria. A separate component of the project was to create a profile of PCEC’s membership base in the Phillips Neighborhood.  Students acquired data from the U.S. Census Bureau and mapped the distribution of household characteristics in the study area by block group.  Each variable in the index was weighted according to its importance, determined by PCEC Director and mapped.  Students created an index of likelihood and final maps highlighted areas with the highest index values, e.g. areas in which residents were most likely to meet the criteria for participation.  Maps also identified three block groups in Minneapolis that met all of Xcel’s specifications, representing approximately 1,266 homes.  Lastly, maps were created outlining the locations of PCEC members in the Phillips neighborhood.

Teaching/Learning Environment: The teaching component of this project involved organizing journal articles and reports pertaining to the project, as well as readings on GIS theory and project management.  Students honed their skills in geoprocessing, model building, raster analysis, Microsoft Access, geocoding, and digitizing through technical assignments.  These structured lab exercises were detailed sets of instructions that enhanced technical skill development and were deemed most applicable to the project.
Partner Role: In the Set-Up and Project Design stage, the community partner gave an overview and goals of PCEC and provided background information including the grant process with Xcel Energy and general information about the history of the neighborhood.  Within the first few weeks, he organized a tour of the neighborhood, providing students the opportunity to get to know the characteristics of the neighborhood and its residents and contextualize PCEC’s research question.  PCEC also provided the membership lists, which contained addresses used to create the membership profile.  Throughout the project, the partner provided support and feedback to students and was always willing to answer questions via email.  He also made several campus visits to review project progress and offer encouragement to the students.

Project Management: Six students were enrolled in this course which streamlined project management and allowed students to manage the project without a lot of overt guidance from the instructor.  In order to facilitate their learning of project management, the students and instructor discussed time lines, major project goals and strategies for reaching each goal.  With such a small group of students, this was an effective project management style. 
Organized discussions included such topics as identifying the major components of the project, data sources, and setting time lines and critically evaluating work.  For example, maps were collectively reviewed by the group and students had to learn how to offer and respond to constructive criticism in order to improve the final product.  Two students were selected by their peers to be project managers and editors of the final report.  It was their job to enforce deadlines and put the final report together.  Again, with a small class size this worked well, however, as class sizes have increased, this project management style has been modified (see below for alternative strategy).
CASE STUDY 2: LAKE STREET PROJECT (PUBLIC AUDIENCE): During the 2006 Fall Semester the Advanced GIS class partnered with the Minnesota Historical Society (MNHS) to map Lake Street, a vibrant and rapidly changing corridor in Minneapolis and home to many generations of immigrant families. With greater investment by the City of Minneapolis and the opening of the Global Marketplace, the area continues its evolution.  The task was to map changes occurring on Lake Street over the past 100 years as part of a broader partnership between Macalester College and MNHS to engage students from various classes and disciplines in studying different dimensions of Lake Street.  The final products will be part of their future exhibit “Lake Street Intersections” scheduled to open at the Minnesota History Center in the fall of 2007.  In contrast to the PCEC project, this class had 16 students and a much more design oriented project, as compared to the analysis-oriented PCEC project.
Teaching/Learning Environment: During the Setup and Project Design stage, prior to the beginning of the semester, instructors met with the primary partner, Minnesota Historical Society staff.  As the semester began, MNHS staff spent multiple class periods with the students identifying their role, the overall project, and their general thoughts about the outcomes.  Additionally, seven guest speakers, including neighborhood residents, business owners, artists, city council members, and geography Professor and Twin Cities expert, Dr. David Lanegran, discussed the history of Lake Street during evening sessions.  

For technical skills, students were instructed on georeferencing, geodatabases, advanced cartographic skills, geocoding, map overlays, networks, raster analysis, and data organization.  Again these were structured labs to prepare students for their individual and group work.  Since the end result of the project would be a visual display for a public audience, cartographic design skills were heavily incorporated into all the lab exercises.  

Partner Role: As the community partner, MNHS hosted students at the Society, assisted in gathering data, and provided copious feedback on content and design.  Staff also instructed students on the use of Sanborn maps and Reverse Directories, which were utilized by multiple groups. During the final weeks of the semester, students previewed their work for MNHS staff, who then provided detailed and insightful feedback.  Also during this time, MNHS staff communicated the desired end product format.
Project Management: Project management was more difficult during this project as there were 16 students divided into seven primary project components.  In this situation, the instructor provided the structure necessary to coordinate the disparate sub-projects.  Each of the seven projects was lead by an elected student representative who oversaw their groups’ data collection, deadlines and coordination with the class. Major project decisions were made collectively by all students with the student leaders facilitating discussion.  While this differs significantly from the PCEC project, it maintains a student-centered leadership structure but requires more instructor oversight.  
LESSONS LEARNED: Our initial findings suggest that when these partner-based projects are well-designed and managed, students achieve greater technical skills, academic understanding of GIS concepts, and are able to effectively apply GIS skills outside of the classroom.  Course evaluations and informal feedback from students support the success of the current model and provide critical feedback for ongoing modifications.
Many aspects of this process contribute to its success and its challenges, including the interest of the students, the role of the instructor, the actions of the partner, and the support of the academic institution. The level of student interest is an important factor. Many students are interested in this particular course and enroll in it because of the community partnership project. Over the past four semesters, there has been a waiting list for student enrollment.  From the student perspective, group dynamics are often an obstacle. Undergraduate students are largely taught to think, act, and complete work independently and a group project such as this includes not only other students but another outside partner.  This challenges students to re-think how they learn and coordinate tasks.
The role of the instructor is to offer guidance and support and find innovative ways of maintaining a positive learning environment.  In an ideal situation, the students manage the project themselves with guidance from the instructor, however, class size and group characteristics ultimately determine the level of instructor guidance.

A third aspect contributing to a successful project is finding a good community partner.  A good partner has a specific research question, objective or outcome in mind that is flexible enough to accommodate student creativity in both design and analysis.  Ideally, the partner also provides feedback, both constructive criticism and enthusiasm for the students and the project.  This person clearly articulates a vision and helps provide support along the way but has confidence in a student-led process.  Both the PCEC and MNHS projects came with their own set of challenges.  The PCEC project had a clearly defined outcome, while challenges included issues with data collection and determining the level of instructor guidance.  With the MNHS project, the amount of feedback from multiple sources at times caused some confusion regarding project outcomes. Ultimately, the more focused the project is at the beginning of the semester, the more successful the project is likely to be in the end.  The partner must have a clear vision of the outcome since there is not enough time to work out the details during the semester.  Strong collaboration and leadership from the partner, provides a solid base for the project throughout the semester.

Lastly, an important part of what makes this type of teaching-learning model for GIS successful is Macalester College’s enthusiasm for experiential learning and collaborative projects.  The College, through the Center for Global Citizenship, Community Service Office, and other institutions on campus, strongly promotes undergraduate learning experiences that encourage community-based learning. Macalester College’s mission includes “service to society” (Macalester Mission Statement 2007).  This philosophy permeates activities on campus and many students actively volunteer with local non-profits.  This ethos of service and commitment to local initiatives serves as a platform from which a course, such as the one described below, can successfully engage undergraduates in community-based research.  

Student feedback has been positive and several students were offered internships to continue related project work.  For example, one student works with MNHS to help the partner fully utilize the information and materials developed for the Lake Street exhibit.  In course evaluations student comments also reflect positive experiences.  A few select responses include: “I feel like everything I learned will be useful in my eventual career and that the instructor was helpful in guiding us toward the real world and real jobs”; “I made connections with people in the field and outside of [Macalester]”; “The GIS skills I learned in this [class] will be very helpful and the group-work dynamics were also a great learning experience”.  But students were also critical of the process as well, reflecting issues previously discussed in this paper.  For example, “The partner chosen for the project should be chosen with more attention to their specific GIS needs so that the projects feel accomplishable”; “I only felt that demanding more of a clear vision from the partner would have been helpful.”

CONCLUSIONS: This model reflects two years of refinement and experimentation in incorporating community partnerships into an undergraduate GIS course.  While the overall assessment and feedback from these projects has been positive, major obstacles are still situated around choosing strong partners, modifying amount of structure provided by instructor, integrating GIS theory with the applied project component and lastly, learning to identify projects that can reasonably be accomplished in one semester.
 
Another dimension of integrating community projects into undergraduate curricula focuses on the role of undergraduate research.  In a recent issue, CUR Quarterly highlighted the many approaches to incorporating GIS-based research into undergraduate curricula.  The six articles focused on several similar approaches including community-based research, interdisciplinary research (Hernandez and Armstrong 2007; Perramond et al. 2007; Ditty et al. 2007), project-based learning (Nyhus et al. 2007, Perramond et al. 2007), and GIScience (Goodman 2007).  While these articles highlight the various ways in which research has been integrated into GIS courses, only one evaluates the combination of research and service-learning underscoring the need for further refinement of models and strategies for incorporating college-community partnerships into classroom settings.
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