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“True learning is based on discovery guided by mentoring rather than the transmission of knowledge.”
John Dewey

For the past five years, the Institute for Transforming Undergraduate Education (ITUE) has been working with the University of Delaware faculty and other educators from around the world to reform education at the undergraduate level. The extensive ITUE program for integrating information technology and real-world problems in the student-centered learning approach known as problem-based learning (PBL) has been successfully matched with the needs of busy members of the higher education community.  Faculty members at research universities are actively engaged in their scholarly pursuits and drawing them into sustained action on education reform requires an innovative program of faculty development.  The model of PBL promoted by ITUE is presented in this paper, followed by examination of several elements of our challenging odyssey in promoting the use of PBL on our campus.  Our hope is that some of our ideas will aid in your promotion of  PBL at your institution.

Student-Centered Learning
When business and industry leaders identify desirable attributes for prospective employees, our current students, the list generally includes the following elements (Wingspread Conference, 1994):

· High level of communication skills
· Ability to define problems, gather and evaluate information, develop solutions

· Team skills -- ability to work with others.

· Ability to use all of the above to address problems in a complex real-world setting.

How can we help our students achieve these goals?  Studies have shown that collaborative learning, learning centered on student groups, is a superior approach for developing the enhanced set of skills students need after they leave formal education.  Research (Johnson, Johnson, & Smith, 1998) shows that collaborative learning results in both academic success (higher achievement, including knowledge acquisition, accuracy, creativity in problem-solving, and higher reasoning level) and attitude effects (persistence towards goals, intrinsic motivation, applying learning in other situations, and greater time on task).  In short, keeping the learning focused on students via collaborative learning helps us achieve the desirable goals listed earlier.
Many of us have commented along this line: “I really learned my discipline when I taught the material.”  When we prepare traditional courses for the first time, instructors engage with the course material as they hope their students do.  Unfortunately, in a teacher-centered class, the individuals learning the most are often the professors.  Huba and Freed (2002) point out that the instructors preparing for traditional course delivery “have reserved for themselves the very conditions that promote learning:”
· actively seeking new information,
· integrating it with what is known,

· organizing it in a meaningful way, and

· having a chance to explain it to others.
In a problem-based learning classroom, we seek to provide our students with these same opportunities for learning.

Huba and Freed further compare the student-centered and instructor-centered paradigm.  Those familiar with PBL will quickly see its benefits listed among the student-centered entries in the table below.
	Instructor-Centered Paradigm
	Student-Centered Paradigm

	Knowledge is transmitted from professor to student.
	Students construct knowledge through gathering and synthesizing information and integrating it with the general skills of inquiry, communication, critical thinking, and problem solving.

	Students passively receive information.
	Students are actively involved.

	Emphasis is on acquisition of knowledge outside the context in which it will be used.
	Emphasis is on using and communicating knowledge effectively to address enduring and emerging issues and problems in real-life contexts.

	Instructor’s role is to be the primary information giver.
	Instructor’s role is to coach and facilitate.

	Emphasis is on right answers.
	Emphasis is on generating better questions and learning from errors.

	Focus is on a single discipline.
	Approach is compatible with interdisciplinary investigation

	Culture is competitive and individualistic.
	Culture is cooperative, collaborative, and supportive. 

	Only students are viewed as learners.
	Instructors and students learn together.

	Abridged and adapted from Figure 1-2, Huba & Freed (2000)


Introduction to Problem-Based Learning

“The principal idea behind PBL is that the starting point for learning should be a problem, a query, or a puzzle that the learner wishes to solve.”

D. J. Boud

Problem-based learning is an instructional method that challenges students to "learn to learn," working cooperatively in groups to seek solutions to real world problems (Duch et al., 2001).   These problems are used to engage students' curiosity and initiate learning of the subject matter. At its most fundamental level, PBL is characterized by the use of "real world" problems as a context for students to learn critical thinking and problem solving skills, and acquire knowledge of the essential concepts of the course. Using PBL, students acquire life long learning skills that include the ability to find and use appropriate learning resources. 

The appeal of problem-based learning has several elements. Carefully constructed, open-ended problems help develop critical thinking skills. Through such problems, students encounter concepts in contextually rich situations that impart meaning to those ideas and enhance their retention. In encouraging students to assess their own knowledge, to recognize deficiencies, and to remedy those shortcomings through their own investigations, PBL provides them with an explicit model for lifelong learning (Boud and Feletti, 1997).  Through PBL, students learn how to learn, how to ask the right questions to arrive at solutions.

In addition, the group format teaches students the power of working cooperatively, fostering not only valuable communication and interpersonal skills, but also a sense of community in which diversity becomes a strength, enhancing the learning experience for all.  PBL addresses the real concerns of industry and graduate schools that fresh college graduates come prepared with problem-solving skills and be able to communicate effectively across disciplines and work with others to solve problems (NSF, 1997)

The process used in PBL is the following:

1. Students are presented with a problem (case, research paper, videotape, for example). In their groups, they organize their ideas, discuss previous knowledge related to the problem, and attempt to define the broad nature of the problem.

2. Throughout discussion, students pose questions, called "learning issues," on aspects of the problem that they do not understand, and are recorded. Students are continually encouraged to define what they know and, more importantly, what they do not know.

3. Students rank, in order of importance, the learning issues generated in the session. They decide which broad questions and issues will be researched by the whole group, and which ones are narrower and can be assigned to individuals.

4. Students and their instructor discuss which resources and other materials will be needed to research the learning issues and, most importantly, where these may be found. After a period of time in which students research their learning issues, they reconvene to discuss these issues and integrate their new knowledge into the context of the problem. 

5. They continue to define new learning issues as they progress through the problem. Students soon see that learning is an ongoing process, and that there will always be (even for the teacher) learning issues to be explored.

The instructor must guide, probe and support students' initiatives, rather than lecturing or providing easy solutions. The degree to which a PBL course is student-centered versus teacher-centered is a decision that each faculty member must make based on the size of the class, the intellectual maturity level of the students, and the instructional goals of the course. When instructors incorporate PBL in their courses, they empower their students to take a responsible role in their own learning, helping them to develop into independent lifelong learners.

Despite the advantages for improving the learning experience that PBL offers, its adoption as a mode of instruction is a change not undertaken lightly. Giving up the safety and authority of the podium can be unsettling for instructors accustomed only to a traditional lecture format. In addition, a lack of suitable material and problems designed for use in a problem-based format serves as a barrier to instructors who are ready to take up the challenge of PBL.  The importance of faculty development in PBL and in development of an appropriate curriculum cannot be overstated.

Faculty Development in PBL
In ITUE workshops, we model what we promote by presenting PBL methodology using appropriate technology and web resources. Our workshops introduce PBL concepts using the same active-learning and student-centered approaches that we advocate. We start each week-long session with an opportunity for faculty members to work in small groups for a day, solving an engaging PBL problem and working through the process, much like students in a typical PBL course.  By applying elements of our own philosophy, such as active engagement and appropriate use of technology, to the creation and implementation of our workshops, we have engaged faculty members and modeled techniques that promise to transform higher education.
Our faculty participants appreciate exploring active-learning techniques through an experiential approach, a hallmark of the successful ITUE experience. We do not simply lecture about the techniques, laying out their underlying educational theory and benefits, but, rather, faculty members experience the power of PBL and other teaching strategies directly. Using active-learning strategies in faculty-development programs as often as feasible is beneficial, even essential. They not only benefit the faculty participants’ learning, but model new approaches for participants who may not have yet encountered them.  Having experienced these techniques firsthand, faculty members are better able to incorporate them into their own teaching. By interacting intensely in small groups with their peers, they form relationships that go beyond departmental barriers and provide safe environments for discussing curriculum change.

The ITUE faculty-development program was originally designed to be a yearlong process, an annual cycle of faculty development and course transformation and design. Thus, we decided that faculty participating in ITUE would be named ITUE Faculty Fellows.  ITUE fellowships contribute to creating a community of learners and a sense of belonging to something special. Faculty and teaching staff apply to become Fellows through a modest online call for proposals and a simple application that encourages faculty to reflect on their teaching and motivation for change. Subsequent participation in the weeklong introductory session and follow-up workshops has been restricted to those selected to be ITUE Fellows.  

Faculty members gain recognition for participating in the Institute. Several features of the ITUE program contribute to recognition and reward for faculty. They include heightened visibility on campus, strengthened external grant proposals, and modest stipends. Finally, some faculty members have elected to pursue the investigation of benefits and outcomes of PBL-based teaching as an active area of scholarship.

Another important form of recognition highlights successful projects by inviting the Faculty Fellows who conceived them to participate in subsequent programs. The returning Fellow is an essential part of our programs. Generally, we invite one or two returning Fellows to spend ten to fifteen minutes reviewing changes they have made to a course and reflecting on the role of ITUE in the process.
Finally, faculty members always welcome financial support, and even a modest professional-development account can make a significant difference in the motivation and success of a transformation project. We have had good success in enabling positive outcomes with this modest level of support. ITUE fellowships are not disbursed as personal stipends, but they can be used toward hardware or software acquisitions, participation in educational conferences, or almost anything else relevant to the transformation project.

In general, two types of our faculty members have been attracted to participate in ITUE: those interested in PBL and those interested in using the web and other technologies in their teaching.  Their transformation during the week-long session has often been striking.  Those coming primarily for the technology portion (and for the supplemental funding to facilitate their acquisition of more technology) had their eyes opened to the possibility of PBL and other student-centered strategies.  Those coming primarily for PBL saw how the Web can be used to facilitate student learning in their courses and were empowered both to design problems with rich online resources and to publish them on the Web for their students.  ITUE has continued with this two-pronged approach to faculty development that has, in our opinion, been an essential element in its success.
Recent Work on PBL at University of Delaware
Funding from external sources, the National Science Foundation (NSF), the Fund for Improvement of Post-Secondary Education (FIPSE), and the Pew Charitable Trusts, combined with local matching commitments have made possible many of the developments in PBL at the University of Delaware.  Of course, external funding is not a requirement for implementing PBL on any campus; however, it did provide us with the means of infusing the concept at our institution more rapidly, quickly creating and sustaining an effective faculty development effort, and reaching the global community interested in PBL.  
In addition to continued sponsorship of PBL conferences and faculty development workshops, university and external funding continues to drive development of PBL at our campus.  Several of our current activities are highlighted below:
PBL Clearinghouse
One major barrier we encountered in the adoption of PBL by educators was the dearth of available problems suitable for use.  With local programming support, we embarked on an electronic database of PBL problems and materials known as the PBL Clearinghouse.  The problems and articles are peer reviewed by PBL experts in the disciplinary content areas. Teaching notes and supplemental materials accompany each problem, providing insights and strategies that are innovative and classroom-tested. Access to the Clearinghouse collection is limited to educators who register via an online application, but is free and carries no obligation. More than 3000 users from all regions of the world have registered to use the Clearinghouse, which now makes available more than fifty problems, and continues to grow at several problems per month.  The majority of problems focus on biology, physics, and chemistry, but the holdings have expanded into the humanities and social sciences.  If you are looking for a suitable venue for publishing the PBL material you have developed, please consider the PBL Clearinghouse.

Wireless computing in PBL classrooms
We are fortunate to have classrooms specially designed for PBL, with reconfigurable trapezoidal tables and comfortable, rolling chairs.  These classrooms range in size from 36 to 72 seats.  Given the constraints of movable furniture and the diverse use of the rooms, it had not been feasible to have access to the Internet for doing research during class in these classrooms.  Thus the need for research was often synonymous with early adjournment of groups from class.  To alleviate this problem, two PBL classrooms were equipped with sixteen laptops each, with wireless connectivity to the Internet.  The wireless laptops were made available to facilitate collaborative learning, so access to only one or two laptops per group was not a problem, but rather a virtue (and saved cost in addition!).

One professor reported her use of the wireless laptops  for online research, data analysis, and access to a course management system as follows:
The laptops proved to be very valuable throughout this group work. Most importantly, from my perspective, it allowed some of the critical phases to be done in class with all group members present and with me available to give advice and direction. 

… When my groups began their projects, they were able to do the initial work in class, searching UD library resources, online databases, and the web for relevant articles and other material. I believe this equalized the input of group members during the initial research. So often, in group work, a particular person will be assigned to do the research independently and bring it back to the group. The group work can stall until that happens, but with the laptops allowing immediate in-class searching, the group work was facilitated. 

Having the laptops in class also allowed all group members to participate in the development of the scenario and questions, while one or more people in the group typed into a file, which was then placed using WebCT into a group discussions folder, making it available for further editing and use by all group members.

When students came to class with their data, we used … data analysis [software]….to compare and contrast the responses to their experimental and control scenarios. Again, that was done in class (as opposed to one or more people assuming this responsibility outside of class, or arranging for an out-of-class meeting) and I was able to go around the room to the groups and work with them on their analyses. 

Finally, students put together PowerPoint presentations, which included figures and graphs, using the laptops, and posted them to the class using the WebCT Discussions tool.

Funding for this project was made available by the University of Delaware through its grant program “Advanced and Emerging Technologies in Instructional Contexts,” administered by the Center for Teaching Effectiveness.

National and International Partnerships

The success of the annual Asia-Pacific PBL conference is testament to the explosion of interest in PBL globally.  PBL strongholds span the globe at varied institutions of higher learning.  If your institution is one of the leaders in development and promotion of PBL, it is important to reach out to interested partners at other institutions.  As a group, we can continue to expand the scope of PBL broadly.  Partnerships with other institutions within ones own boundaries are perhaps the most natural; the University of Delaware has long standing partnerships with North Dakota State University, the University of Cincinnati, and Samford University, for example.

ITUE has begun to engage in bilingual workshops, in French and Spanish so far, to expand the reach of its PBL efforts internationally.  A recent effort was with FORMASUP, a consortium of institutions in Nord-Pas de Calais, France, focusing on an apprenticeship model involving alternation of students between universities and commercial enterprises.  Our current efforts include a project titled “Problem-Based Learning in Peruvian Higher Education: Quality Science and Math Education for Future Public School Teachers,” supported by the Association Liaison Office for University Cooperation in Development (ALO) with funds provided by United States Agency for International Development (USAID).  We were invited to this partnership by the Comisión de Modernización Pedagógica at Pontificia Universidad Católica del Perú.
Another important aspect of ITUE has been its inclusion of off-campus participants at workshops on our campus. The international reach of ITUE has been a delightful surprise and a real tribute to the representation of PBL at the University of Delaware by its practitioners at professional conferences and via its web presence.  To date, international visitors have participated from Australia, Belgium, Canada, France, Hong Kong, Iceland, Korea, Mexico, Slovakia, Sweden, and Thailand.  Curriculum reform teams have been highly visible in their ITUE participation; groups have participated from a diverse set of institutions: University of Cincinnati (5), Samford University (10), Florida A&M University (4), Middlesex Community College (5), North Dakota State University (13), Universite Catholique de Louvain (8), and FORMASUP (26).  We have recently expanded our program to include visiting K-12 Fellows, integrating local middle- and high-school teachers into our week-long programs, coordinated with our Math/Science Education Resource Center.

The Visiting Fellows program greatly benefits our faculty.  ITUE attracts leading proponents of curriculum reform and incorporation of active learning and instructional technology at their respective institutions.  University of Delaware faculty members thus have the opportunity to interact with interested participants beyond their own department and campus, those interested enough to make the trip to Newark, Delaware during their academic year break.  The Visiting Fellows bring great vitality to the ITUE sessions and raise the importance of ITUE in the eyes of the Delaware faculty as they recognize the opportunities available to them through the local resources of ITUE, its leaders, and established base of Faculty Fellows.

Providing Research-Based Experiences for Undergraduates
The inquiry-driven nature of PBL, as is the case for the undergraduate research experience, seems to make it ideally suited for a research university environment, with the multitude of resources for investigation and independent learning such a setting enjoys. The underlying philosophy of PBL resonates with these comments from the recent Boyer Commission Report (1998) on undergraduate education at research universities: 

"The research university must facilitate inquiry in such contexts as the library, the laboratory, the computer, and the studio, with the expectation that senior learners, that is, professors, will be students' companions and guides....The research university's ability to create such an integrated education will produce a particular kind of individual, one equipped with a spirit of inquiry and a zest for problem solving; one possessed of the skill in communication that is the hallmark of clear thinking as well as mastery of language; one informed by a rich and diverse experience. It is that kind of individual that will provide the scientific, technological, academic, political, and creative leadership for the next century."

The PBL process resembles in many respects the essential features of the process of scholarly inquiry.  In contrast to typical lecture instruction, PBL students are encouraged to define what they do not know, as well as what they know, rather than to cover up their lack of knowledge. In this process of moving from what they know to what they do not know, we expect that students who do not engage in research collaborations with faculty would nevertheless get to experience the process of constructing knowledge, and to discover the origins of abstract principles encountered in textbooks or lectures.
Although the intensive character of the one-on-one interaction between student and professor precludes many students from having genuine undergraduate research opportunities at a research university, PBL provides all students with an exposure to some of the essential aspects of research.  The University of Delaware's "Research-Based Education" project, an initiative funded by the NSF’s Recognition Awards for the Integration of Research and Education (RAIRE) combines its research and education missions by involving as many undergraduates as feasible in faculty research while providing a discovery-oriented environment through PBL for those students who cannot be accommodated in research projects.
Assessment of PBL Outcomes

Although PBL is not a method designed for the explicit purpose of enhancing content understanding, faculty using PBL are often asked whether learning of essential course content suffers because of time spent on these ambitious process objectives. Studies summarizing twenty years of experience from the medical school setting (as reviewed by Albanese and Mitchell, 1993) as well as specific experiences with a PBL curriculum (Kaufmann et al, 1989) have led to the general conclusion that content mastery in a problem-based curriculum is as good as in a traditional one, but retention of knowledge and satisfaction with the learning experience are greater with PBL.

The University of Delaware has conducted a recently-completed study on PBL outcomes that was funded by the Pew Charitable Trusts. This study sought to document the instructional use and impact of PBL at the undergraduate level. Preliminary results include the following findings (Bauer et al, 2002):
Exposure to PBL positively and significantly affected the number and/or quality of student-faculty interactions, as well as the number of diversity-related experiences in which students participated. Exposure to PBL was defined as a composite measure of the number of PBL courses completed by each students and students' report of participation in several activities that collectively represent PBL activities in the classroom. Discussion with students (via structured focus groups) offered further insights into students' learning experiences. Students indicated that the collaborative nature of PBL increased their level of comfort and inclusion in the class. In addition, students believed that their learning was enhanced because PBL increased their ability to consider, evaluate, and respect different points of view. They discovered that there may be more than one good answer to a problem or issue developed within the context of a problem. The PBL setting helped students to apply theory to real world issues, made course content more interesting, and helped them to learn course content more thoroughly. Students also believed that their communication and interpersonal skills had improved as a result of participation in PBL courses. While gains in critical thinking skills were measured (using standard instruments such as the Watson-Glaser Critical Thinking Appraisal), it was not possible to conclude that these changes were due to PBL, as opposed to other aspects of the students' undergraduate experiences. Interpretation of findings was hampered by the presence of many different models of PBL instruction, including hybrid ones, on the University of Delaware campus, as well as the lack of a uniquely PBL curriculum track (for comparison with a more traditional track), as is the case in some medical school settings.

Summary
The odyssey in PBL at the University of Delaware was advanced with the creation of the Institute for Transforming Undergraduate Education to promote reform of undergraduate education through faculty development and course design. ITUE leaders drive the development of other educators by sharing ideas for transforming courses by incorporating effective techniques for the promotion of active learning and use of technology in the classroom. Institute Fellows receive hands-on experience in employing student-centered strategies and technology in their courses.  ITUE has thus infused the institution with transformed courses and faculty and the systemic reform originally envisioned has begun to be realized. Transformation of our curriculum and faculty has been initiated from the bottom up via this faculty-led Institute.  If you are not already underway, we encourage you to likewise add a strong faculty development component to your efforts and embark on your own exciting odyssey in PBL.
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