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ABSTRACT:  Growth in online courses involving geospatial technologies coincides with efforts to make higher education more accessible to nontraditional students.  While offering flexibility, online learning introduces new challenges.  This paper explores issues surrounding the planning and implementation of online courses and academic degree programs involving geographic information systems (GIS).  Four groups most impacted by online course and program development are examined:  students, program faculty, academic institutions, and employers.  Findings from a Web-based survey are also presented to provide an overview of online programs available in the U.S. along with six recommendations for planning successful online GIS programs.  
INTRODUCTION

Higher education may be experiencing its most profound period of change since passage of the GI Bill following World War II.  Along with touching almost every other aspect of our lives, the information revolution is changing where learning takes place, the methods used to teach, and how students interact with instructors and peers.  The age of high-tech, Web-based instruction has arrived.  The rush to offer online courses is being driven by calls for higher education to be more accessible and responsive but also by the potential for institutions to generate new revenue.  As the number of students enrolling in Web-based courses increases it is has become more important for educators, administrators, and employers to understand benefits, problems, and opportunities associated with online learning.

In recent years online instruction involving geospatial technologies has become available at U.S. colleges and universities through opportunities ranging from traditional (face-to-face) geographic information system (GIS) courses that include an online component to 100% online degrees and certificate programs.  Growth in online GIS instruction corresponds with increasing demand for a geospatial workforce having greater knowledge and improved competencies and at a time marked by nontraditional students searching for convenient access to higher education.  For GIS professionals employed full-time, online learning offers an alternative to inflexible class schedules and work-to-school commutes.  However, along with their convenience, new online GIS courses and programs can generate substantial challenges for instructors, students and institutions.  For example, faculty must adapt to new teaching pedagogies requiring significantly greater course preparation and correspondence time.  Students enrolled in online courses face isolation from peers, slow Internet connections, and problems using complicated GIS software.  Questions easily addressed face-to-face may require substantially more time to resolve through chat rooms, discussion boards, or email correspondence.  Institutional challenges include the identification of resources needed for course development and maintenance, the selection of appropriate assessment procedures, and successful navigation of intellectual property issues.  This paper explores benefits and barriers associated with the development and sustainability of online courses, certificate programs and degrees in GIS.  

The terms “distance learning” and “distance education” represent a range of activities from correspondence study to computer-assisted learning and online instruction.  Distance education has been a part of American higher education since it was introduced by Illinois Wesleyan College in 1873.  Students enrolled in early correspondence courses worked independently, returning assignments and receiving the course instructor’s feedback through the mail.  New venues for distance learning were later adapted for technologies such as radio, pre-recorded sound and video tapes, and television.  

Student motivations for enrolling in distance education courses include the desire to improve job effectiveness, enhance opportunities for salary increases, or achieve professional advancement.  For public institutions distance education became an alternative for the geographically isolated who might not otherwise attend a college class. Criticisms of early distance courses were often similar to those directed at today’s online courses:  over-commercialization, high student attrition, and lack of face-to-face contact between student and instructor.  

ONLINE INSTRUCTION

Online or Web-based courses emerged in the 1990s with the growing availability and affordability of personal computers and Internet access.  As Kriger (2001) notes, universities began offering online courses to improve access for nontraditional students during a period of shrinking public funding for higher education.  The initial expansion of online courses took place at comprehensive public institutions often through an office responsible for outreach or continuing education.  In recent years online instruction has become more common at other types of institutions including for-profit universities and small liberal arts colleges.  At many institutions the number of students enrolled in online courses is increasing at a faster rate than the overall student growth rate (Molenda and Harris 2001; Waits and Lewis 2003).

Web-based instruction can be divided into two categories:  1) asynchronous where students work independently and outside of a pre-established schedule, and 2) synchronous, where students and the instructor are connected in real-time through live lectures or chat room discussions (Burgress and Strong 2003).  Most educators define an online course as having at least 80% of content delivered through the Web.  According to Allen and Seaman (2005) courses with 30-79% of online content are considered to be “blended” meaning that a significant portion of course content is offered on-line but at least some course content is delivered through face-to-face meetings.  Courses with less than 30% of online content are considered “Web-facilitated.”  

Early initiatives involving the Internet and GIS instruction include The Geographer’s Craft and other websites designed to disseminate teaching materials (Foote 1999).  Compared to larger introductory courses, online GIS courses have not evolved rapidly.  This can be attributed to their small enrollments and higher per student development and maintenance costs.  High development costs have led some institutions to create programs for sharing online GIS instructional materials.  Examples include the UniGIS Consortium, Digital Libraries in the Classroom, and the EduGI Project (Wright et al. 2002; Chalmers et al. 2004; Painho et al. 2007).1   UniGIS is a franchised international program for distance GIS education that includes 17 universities in 14 countries.  Students can apply for a postgraduate diploma or masters degree from any member institution.  Funded jointly by the U.S. National Science Foundation and European Joint Information System Committee, the Digital Libraries project was developed for the exchange of teaching materials among partner institutions.  A similar initiative for disseminating materials called the Online Center for Global Geography Education provides university faculty with materials that can be used by students involved in interdisciplinary projects.2   Established in February 2006, the EduGI Project has eight partner institutions and 61 courses that have been adapted for exchange.  Environmental System Research Institute (ESRI) became an early leader in the development of online GIS instruction with more than 20,000 persons enrolling in its “Virtual Campus” each year.  Virtual Campus modules are also used as part of college and university level GIS courses with students having free access at institutions that maintain an educational site license for ESRI’s ArcGIS software.  

Projections for growth in the geospatial technology industry continue to be optimistic.  A recent survey by the American Society for Photogrammetry and Remote Sensing predicts annual expenditures within the remote sensing and GIS industries to exceed $6 billion by 2012.  As the geospatial industry grows over the next decade there will be new challenges for institutions to create learning opportunities for GIS professionals (Wright et al. 2002; Gaudet et al. 2004, Mondello et al. 2004; Elsner 2005; Wing and Sessions 2007).  Anytime, anywhere learning possible through online teaching will continue to serve as an attractive alternative for addressing the demand for GIS education and training.  Therefore, an important question is whether institutions that have only recently begun offering online GIS courses are prepared to support fully online certificates and degrees in GIS.
Although some research has examined online GIS courses, few studies have looked at the development or implementation of online GIS degrees or certificates.  Wright and DiBiase (2005) discuss the potential for developing rigorous online GIS programs while Car (2008) reviews quality assurance strategies for postgraduate GIS distance learning.  Other studies have evaluated student satisfaction with distance GIS courses (DiBiase and Rademacher 2005) and the implementation of online GIS courses at the graduate level (Onsrud 2005).  As a starting point for exploring planning for online GIS programs this paper examines four stakeholder groups most affected by efforts to offer GIS instruction online:  1) students as direct beneficiaries of online education, 2) faculty involved in the design and teaching of online GIS courses, 3) academic institutions through which online GIS courses are taught, and 4) employers as indirect beneficiaries of knowledge and competencies provided through online GIS courses and programs.  

GIS Students
Sometimes called the “Millennials,” today’s traditional college students began using computers and the Internet at an early age.  Attracted by the ability to complete material at their own pace without classroom attendance, traditional students often choose an online course even when a face-to-face one is available.  Flexibility provided by Web-based learning also appeals to older students including full-time GIS practitioners (Wright et al. 2002; Pittinsky 2003) and international students who may have limited educational opportunities (Bartley and Golek 2004).  

Online instruction takes place within a learning environment that is fundamentally different from a traditional classroom (Figure 1).  Lecture and discussion are replaced by a multimedia format using text, embedded links, photographs, sound recordings, video clips, and animations.  Most closely approximating a classroom experience are meetings where students see and hear each other and the instructor during real-time discussions.  These types of synchronous class sessions require students to have a fast Internet connection and often a Web camera and headset with microphone.  A benefit of this type of instruction is that lectures and discussions can be saved for later review during a student’s most productive learning times.
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Figure 1.  Comparison of Face-to-Face and Online GIS Instruction
Asynchronous learning enables students to access course materials at any time with peer interaction limited to postings such as threaded discussions.  A disadvantage is that the absence of required class attendance can mean that students lacking self-discipline may be slow in submitting assignments.  Perhaps the greatest challenge for online students is adjusting to an environment without face-to-face contact with classmates and the instructor (Hara and Kling 1999; Schmidt and Gallegos 2001; Lawhon 2003; Lehmann 2004).  The lack of personal interaction has been suggested as a contributing factor in higher attrition rates among online students (McVay 2000; Woodley 2004; Powell and Keen 2006).  Beyond social issues, online instruction creates logistical challenges for students who are required to complete proctored exams at approved locations or who may live in a remote time zone making it difficult to receive help from technical personnel.

Faculty

Faculty pioneers of online instruction were either savvy in writing or adapting HTML programming or well-supported by Web designers and technicians.  The majority of faculty who may be considering Web-based instruction may be unaware of the commitment necessary to create and manage an online learning environment.  For example, compared to a traditional lecture course, a Web-based course may require substantially more pre-class preparation (National Education Association 2000; DiBiase 2000; Bender et al. 2004) and time for corresponding with students via email, chat rooms or discussion forums.  Wolcott and Betts (1999) describe this additional commitment as the “hidden work” of online teaching.  The quantity of one-on-one correspondence involved in teaching online has been noted as a principal area of concern among faculty balancing other duties such as research and service (Kovel-Jarboe 1997).  A related issue is course maintenance.  For example, after a course has been developed a decision must be made about who is responsible for updating links to websites and readings and for revising course materials when Web applications or GIS software change (Elsner 2005).  

As institutions develop ambitious plans for offering new Web-based programs full-time faculty have fallen under increased pressure to become involved in online teaching (Lawhon 2003; Zhu et al. 2003).  Unfortunately distance learning is sometimes pushed through by campus administrators without serious consideration of resource needs or other implementation factors.  These include issues ranging from faculty training to technical support and faculty compensation (Bonk 2001; Shelton and Saltsman 2006).3  

In the absence of training first-time instructors often fail to take advantage of the Internet’s enormous potential.  Many utilize the Web for simply adapting text-based versions of lecture notes containing Web links (Whitlock 2001).  Ko and Rossen (2001) suggest that online training for faculty should examine issues ranging from the development of effective online teaching strategies and use of course management systems to techniques for encouraging student participation and interaction.  As noted by Irani and Telg (2002), the challenge of preparing faculty to make Web-based instruction effective may be the single most important issue facing colleges and universities in the coming decade.  

Copyright and intellectual property issues can also become barriers to the implementation of GIS courses offered online.  As noted by Wallace (2004) mechanisms available to online instructors for gaining copyright clearance for graphics and other materials have not kept pace with advances in computer visualization and electronic delivery.  In most cases teaching faculty must assume the time-consuming responsibility of obtaining clearance for all materials they use online.  Of special concern is that instructors and institutions can be liable for copyright violations.  

Another issue involves the ownership of materials used in teaching online courses.  Because faculty can receive extra compensation for the development of online courses administrators may consider course-related materials as “work for hire,” meaning that the institution, rather than the instructor, retains ownership (Levine and Sun 2002).  This stance is in contrast to commonly held faculty views on intellectual property.  The American Association of University Professors has taken the position that faculty should retain control over online content they create as well as make decisions regarding modification or distribution of those materials (AAUP 1998).   

Compensation and evaluation of online courses also remain problematic.  At some colleges and universities online courses have been integrated within regular faculty teaching responsibilities within what faculty and administrators refer to as “in-load.” However, other institutions may apply a system where faculty receive overload pay for teaching online courses at a flat rate per course, as a percentage of course revenue, or as payment on a per student basis (Kovel-Jarboe 1997).  Because of differences in how time is spent interacting with online and face-to-face students, administrators may have difficulty evaluating the contributions of faculty assigned to teach online courses within their regular teaching load.  This is an especially serious problem when administrators and faculty committees consider time and effort devoted to teaching during tenure and promotion deliberations.  A survey by Adams (2003) found that teaching online courses was not viewed as having high value by most tenure and promotion committees with a perceived importance lower than that of research and teaching traditional courses.

Higher Education Institutions 

Driven by the potential for improving access to higher education, online courses have grown rapidly at U.S. colleges and universities.  Administrators are quick to note how online programs help underserved populations and increase the overall accessibility of higher education without placing an additional burden on classroom or laboratory space.  However, as Berg (2002) observes the potential for generating new revenue has become an underlying force driving online course and program development.  As noted by Jewett (2000), distance learning will generate revenue through economies of scale after an initial capital investment in course development.  Without the constraints of limited classroom or laboratory spaces, online courses can generate substantial profits.  Such factors have been responsible for the success of for-profit distance institutions such as the University of Phoenix (Inglis 1999).  

A key issue for the expansion of online GIS courses is balancing costs with anticipated course revenue.  Institutional costs associated with online GIS courses include capital (servers and other infrastructure), recurrent expenses (instructor salaries, technological support), production costs (the cost of developing course content), and delivery costs (Morgan 2000).  Costs can also be evaluated in terms of fixed costs, or those that don’t change with increasing numbers of students, and variable costs, which increase with each additional student enrolled (Bartolic-Zlomislic and Bates 2000).  Fix costs for GIS courses include hardware and data needed to provide access to course materials and the portion of faculty and staff salaries tied to preparing and maintaining course materials.  Course preparation costs can vary considerably depending on the level of sophistication used in delivery.  For example, Curtain (2002) estimated that multi-media courses can be 200-500% more expensive than simple text-only online courses.  

Variable costs include the added time per student needed for student correspondence and evaluating student work.  Most online courses have high fixed costs and relatively low variable costs since enrollment capacities aren’t limited by available seating or laboratory equipment.  An online format also offers a savings in the cost of consumable materials since course handouts can be sent electronically instead of distributed in hardcopy.  Compared to non-technical courses, variable costs for online versions of GIS courses may also be higher because of time needed for instructors and students to work through software, data, and analysis problems that wouldn’t be an integral part of a non-technical course.4
Perhaps the single most important issue facing institutions as they develop online courses and programs is quality (Carnevale 2003; Smathers 2001).  As noted by Zernike (2006), there is a danger that online students are earning a degree in lieu of receiving an education.  Online courses and programs that lack structure, substance and rigor will be viewed negatively by employers. Likewise, courses with too many students relative to available resources will overwhelm faculty and support personnel, reducing one-on-one contact between student and instructor.  Inadequate technical support will likewise cause students to become frustrated when they experience problems using course management software or GIS packages.  Efforts to streamline and standardize Web page design can lead to faculty being required to utilize “cookie cutter” templates for online courses.  As Kriger (2001) warns, too much standardization in course design can inhibit exposure to new ideas.  Finally, online courses may require rethinking in the way faculty teaching is evaluated since administrators cannot observe faculty in face-to-face class sessions.  

A common criticism related to quality is that distance instruction is less effective than traditional classroom learning in terms of student outcomes.  Russell (1999) summarizes findings of studies showing no difference in the performance of online and face-to-face students enrolled in similar sections of the same course.  However, others have demonstrated methodological problems in so called “no significant difference” studies where researchers evaluated non-comparable groups of students enrolled in online and traditional courses (Joy and Garcia 2000).  In many cases online students who performed the same or better than peers in face-to-face sections were found to be more mature and inclined to work independently.  Other issues have been suggested as better predictors of success in an online course such as a student’s maturity, work ethic, or time management skills (Smathers 2001; Zhao et al. 2005; Haigh 2007; Detwiler 2008).

Employers

The final stakeholder group includes organizations with employees who have completed or plan to complete online courses, certificates, or degrees in GIS.  Online education can be beneficial to employers through new knowledge and competencies gained by their employees.  Most important, employees can complete courses and programs without the need for a leave of absence or, in many cases, any time away from work.  However, some online courses and programs suffer from perceptions of being inferior to their face-to-face counterparts.  For example, research has shown that that job applicants with traditional degrees are preferred to those with online degrees (Adams et al. 2007).  The perceived value of an online degree can also cause problems for current employees in cases where their employer is willing to provide tuition support for traditional course but not an online course (Adams and DeFleur 2006).  

GIS CERTIFICATE AND DEGREE PROGRAMS OFFERED ONLINE

As the demand for geospatial education continues to increase, there is a growing effort to introduce fully online academic programs in GIS.  To gain a feel for the range of online certificate and degrees in GIS a survey of U.S. programs was carried out in December 2009.  All but five of 29 programs examined were 100% online.  As shown in Table 1, more than two-thirds of online GIS programs are undergraduate and graduate certificates.  Most undergraduate certificates can be earned in 9-24 semester credit hours concurrently with a bachelors degree.  A few are also available as stand-alone programs than can be completed independently from a degree.  

For the most part online certificates are similar to resident (face-to-face) certificates in terms of administration.  For example, while undergraduate programs have no entrance requirements, admission to graduate certificates require academic transcripts showing completion of a baccalaureate degree.  Depending on the program, some graduate certificate programs also require letters of recommendation and a minimum undergraduate grade point average.  While a few programs are staffed by industry practitioners, the majority of online certificate programs list only full-time faculty.   To provide opportunities for collaborative problem solving that can be difficult to implement in an online environment, some programs require students to attend special in-person class sessions.5  

Table 1. Online GIS Programs in the U.S.

[image: image2.wmf]Undergraduate Certificates

Percent Online

California State University, Bakersfield

Certificate in Geographic Information Systems

40%*

Elmhurst College

Geographic Information System Certificate

100%

Fort Hays State University

Geographic Information System User Certificate

100%

Haywood Community College

Geospatial Technology Certificate

100%

Louisiana Tech University

Certificate in Geographic Information Systems

100%

Northern Illinois University

Undergraduate Certificate in Geographic Information Systems 

100%

Roosevelt University

Certificate in Geographic Information Systems

100%

University of Maine, Machias

Certificate in Geographic Information Systems

blended

University of West Florida

Certificate in Geographic Information Systems

100%

Graduate Certificates

Percent Online

University of Central Missouri

Graduate Certificate in Geographic Information Systems

100%

Eastern Michigan University

Graduate Certificate in Geographic Information Systems for Educators

100%

Emporia State University

Certificate in Geospatial Analysis

100%

Mississippi State University

Geospatial and Remote Sensing Certificate Program

100%

Northern Illinois University

Graduate Certificate in Geographic Information Analysis 

100%

Johns Hopkins University

Graduate Certificate in Geographic Information Systems

100%

Pennsylvania State University

Postbaccalaureate Certificate in Geographic Information Systems

100%

University of Central Arkansas

Graduate Geographic Information Systems Certificate

100%

University of Denver

Certificate in Advanced Study of Geographic Information Systems

100%

University of Maryland

Graduate Certificate in Geospatial Information Sciences

blended

University of North Dakota

Graduate Certificate in Geographic Information Science

100%

University of Southern California

Graduate Certificate in Geographic Information Science and Technology

90%

Degree Programs

Percent Online

American Sentinel University

Associate of Science in Geographic Information Systems

100%

American Sentinel University

Bachelor of Science in Information Systems, GIS Emphasis

100%

Northwest Missouri State Univ.

Master of Science in Geographic Information Systems

100%

University of Central Arkansas

Master of Geographic Information Systems

100%

University of Colorado

Master of Science in Civil Engineering, GIS Specialty

100%

University of Denver

Master of Science in Geographic Information Science 

100%

University of Maryland

Master of Professional Studies in Geospatial Information Sciences

blended

University of Southern California

Master of Science in Geographic Information Science and Technology

100%

* the remaining instruction is face-to-face.


American Sentinel University is the first to offer fully online degrees at the undergraduate level.  These include a 60-hour Associate of Science (AS) degree requiring 42 hours of general education coursework and 18 hours of coursework in the major and a 120-hour Bachelor of Science (BS) requiring 60 hours of general education coursework and 60 hours of coursework in the major.  At the present time online graduate degree programs are limited to the masters level.   Northwest Missouri State University is the first to offer a fully online MS degree in GIS.  As noted by Drews (2003) the program is designed to be completed by a student employed full-time in 4-5 years utilizing eCollege software that facilitates grading, threaded discussions, and drop boxes for the submission of assignments.  Another innovative approach is Penn State’s World Campus where students utilize GIS to address problem-based scenarios.
Since students must complete GIS assignments from a home or office computer, most online certificate and degree programs list minimum standards for computer hardware, Internet connection type, and other technical requirements.6  Some stipulate equipment for two-way communication such as a video camera and headset.  With a few exceptions, online programs utilize ESRI’s ArcGIS™ software.7  In most cases students are either provided with a trial version of the software as part of their enrollment or advised to purchase a student edition.  

MANIFESTO FOR NEW ONLINE PROGRAMS IN GIS

Coupled with demand for geospatial training, the importance of the Web as a learning tool will continue accelerating efforts to develop fully online GIS courses and programs in the coming years.  Colleges and universities are likely to see increased competition as for-profit “virtual” universities begin offering online GIS programs.  Given the array of challenges involved in developing Web-based instruction, it may be helpful to consider six issues beneficial to planning successful online courses and programs in GIS.  

Issue 1:  Student Access to GIS Software 

A persistent problem for online students is access to GIS software and data needed to complete assignments.  Student editions of popular software packages such as ArcGIS provide most of the functionality of software used in industry.  However, vendor software will contain only a portion of data needed to complete assignments for many GIS courses.  An alternative to each student installing a GIS package on their home or office computer is for institutions to offer access to a terminal service that enables GIS software to be operated remotely (Lowe 2004).  For example, after authentication using a secure log-in a terminal server provides students with the full range of analysis and visualization capabilities of ArcGIS along with access to institution specific GIS data and personal file storage space.  Another advantage of using a terminal service is that students using a standard Web browser can use GIS software independently of their computer platform (i.e. Windows PC versus Mac).  

Issue 2:  Faculty Training and Support

Faculty training and support will continue to be critical to developing and sustaining online GIS courses and programs.  Administrators responsible for developing reward structures must recognize that online course development involves a substantial commitment on the part of faculty who may be balancing other responsibilities such as research and service.  In addition to training involving online pedagogies, faculty must have access to instructional specialists such as graphic artists and programmers (Oblinger and Hawkins 2006).   Academic planning must consider how teaching online courses will be evaluated relative to other accomplishments during annual reviews and tenure and promotion deliberations.  This may involve educating faculty not involved in online teaching.

Issue 3:  Institutional Planning

Institutional planning is critical to the success of online programs.  Fully online degree programs require an institution-wide commitment to offer supporting coursework including general education and prerequisite courses in subject areas such as English, math and statistics.  Although it can be helpful for industry practitioners to serve as instructors, online GIS programs that rely too heavily on adjunct instructors in lieu of regular faculty may leave an impression that coursework is not equivalent to what is offered by a program staffed by mostly full-time faculty.  

Issue 4:  Course Assessment 

A key element in sustaining and improving quality is a well-designed assessment process designed and implemented by program faculty.  As noted by Govindasamy (2002), online instruction can support both summative assessment where students are evaluated following the completion of each instructional unit to determine achievement relative to predefined objectives, and formative assessment used as a diagnostic tool for revealing areas for needed improvement.  Online instruction is especially well-suited to automated methods for the assessment of student outcomes that can be useful in informing decision-making about curriculum design.  Adaptive learning systems can also be developed that can customize learning based on a students' quiz or test scores.
Issue 5:  Industry Advisory Boards

Employers must become partners in the process of planning and implementing resident and online certificate and degree programs in GIS.  The creation of a program advisory board can facilitate input from industry representatives during initial curriculum development.  Periodic advisory board meetings provide a venue for recommending program modification.  Advisory boards can also be helpful in developing buy-in that encourages employers to be supportive of their employees pursuing online learning opportunities.  

Issue 6:  Program Accreditation 

Finally, professional organizations of GIS practitioners should become involved in the assessment and evaluation of GIS programs. GIS took a major leap forward with the introduction of certification for GIS professionals and development of the Body of Knowledge, defining skills and competencies important to GIS professionals (DiBiase et al. 2006).  With an increasing number of GIS professionals receiving their training through college and university certificate and masters degree programs, an important and lingering issue is how the programs themselves should be evaluated.  This issue has become even more critical with the rapid expansion of online programs.  As noted by Chalmers et al (2004), none of the hundreds of certificate or degree programs available in the U.S. have been subject to formal review.  Program accreditation has been suggested as a mechanism for the evaluation of GIS programs using explicit criteria such as faculty qualifications, the quality of the curriculum offered, and student outcomes (Goodchild and Kemp 1992; DiBiase 2003; Kemp 2003; Obermeyer 1993).  

CONCLUSION
In the coming years online learning will offer unprecedented opportunities to increase the accessibility of geospatial education.  As guardians and facilitators of advanced learning, colleges and universities must assume a leadership role in the agenda defining how online pedagogies will be integrated within, or in some cases, replace face-to-face instruction.  This will involve providing training, rethinking some methods for evaluating teaching, and creating policies that respect intellectual property.  Resources must also be available for periodic retooling, enabling faculty to incorporate new pedagogies as technologies change.  The GIS Body of knowledge provides a means for selecting online content that will ensure students are exposed to the breadth of knowledge needed to develop basic GIS competencies.  Curriculum planning cannot take place in a vacuum but must involve dialog with other campus units.  Most important, a well-structured framework for online course and program assessment must be put in place that involves input from both GIS practitioners and employers.  
NOTES:
1 In the U.K. the term “open” often means the same as “distance.” Distance universities in the U.S. include California Virtual University and Western Governors University.

2 This project is jointly sponsored by the National Science Foundation.  See www.aag.org/education/center
3 A notable exception is the University of Maryland’s faculty teaching program for online courses.  
4 In a comparison Walker (2004) found online GIS courses to cost less than half of a face-to-face course on a per student basis.  

5 For example, the University of Maine at Machias requires students to attend three weekend days of on-campus instruction.  Likewise the University of Southern California’s graduate certificate mandates a one-week field excursion involving GPS/GIS field techniques.  

6 Minimum hardware specifications list parameters such as screen resolution, processor speed, hard drive capacity, and Internet connection type.

7 Students must purchase a discounted “student edition” of ArcGIS.  Software also included IDRISI (Clark University) and access to industry-standard GIS software via broadband Internet.
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