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Summary: Lessons Learned from the Paradigms in Physics Program

Reorganizing the Content and Structure of the Upper-Level Curriculum

Three faculty members were willing to lead an extensive change process to enable majors to take advantage of a new opportunity offered by the College of Engineering as well as to address several concerns. This process included an innovative sorting of index cards; encouragement of wide-open thinking by the department chair; consultation with all faculty one-on-one before a formal vote on the plan, and construction of a content matrix to clarify connections among the new courses. These faculty members also wrote a proposal to obtain funding for designing new courses and for obtaining the services of an external evaluator.

Innovative index card sort. Faculty teaching the upper-level courses were asked to list the main topics, one topic on each of about ten cards for each course. Each course had its own color card. Next the three faculty members taking primary responsibility for reorganizing the curriculum sorted the cards into piles that seemed to resolve the issues. They were able to find a way to meet the immediate need relatively easily.

Chair’s encouragement of wide-open thinking. When the faculty members brought their first tentative plan to the chair, he said, “These cards are interesting, if you could do anything, what would you do?” This opened up the process to a much broader consideration than simply meeting the immediate need for flexibility to allow majors to take advantage of an opportunity offered by the College of Engineering.


One-on-one consultation with all faculty about the plans before a formal vote. The three faculty members tried many rearrangements of the index cards to form new ways of organizing the content. When they had come to agreement among themselves, they invited the rest of the faculty, one-by-one, to look over the cards and discuss suggested changes. This process took many weeks but enabled all faculty to have an opportunity to provide input and to consider the issues from their own perspectives. When the three leading faculty members formally brought the resulting plan to a faculty meeting for a vote, the plan was approved.

Organization of content in new ways. The three faculty members tried many rearrangements of the index cards to form new ways of organizing the content. Eventually they created nine intense three-week modules, each a sequence of case studies of paradigmatic physical situations and conceptual examples, some involving two or more subdisciplines. The intent was to enable students to build connections among concepts and techniques common to a variety of fields in physics. Each of these “paradigm” courses meets five days a week, for three weeks, with one- or two-hour sessions during the junior year. Each of the senior year 'capstone' courses focuses on a particular subdiscipline, meeting three times a week for one hour, for ten weeks. See http://physics.oregonstate.edu/portfolioswiki/courses:start for an overview of the junior and senior year courses in the reorganized curriculum.

Content matrix. To help themselves and others understand the complex connections among the new courses, the faculty collaboratively constructed a content matrix that listed which courses developed and/or used which themes and mathematical tools.


Funded project. Once the faculty had voted to approve a coherent plan, the three faculty members took responsibility for writing a proposal to obtain external funding. A substantial grant provided support for designing the new courses and obtaining the services of an external evaluator.


External evaluator. An experienced external evaluator and her assistant provided invaluable feedback from the students by asking open-ended questions and reporting their findings on an on-going basis. This process enabled the faculty to become aware of problems as they launched the new courses and to make adjustments as needed. The external evaluator also collected and analyzed numerical data that documented quantitative aspects of the project. In addition, the external evaluator took care of applying to the Institutional Review Board for approval of the process for obtaining participants’ consent to collect data for the study.
Negotiating with Administrators

Doing something different from normal practice can be difficult and require negotiation with various institutional officials. 


Department chair’s leadership in discussions with university officials. The support of the department chair was critical in arranging with the registrar for changes in registration practices and with the administrator responsible for funding the remodeling of a dedicated classroom for these courses.


Assistance in preparing new course proposals. A senior professor and the department chair assisted in preparing the materials necessary for proposing the new courses and for shepherding the proposals through the university's approval process.


Funding to remodel a dedicated classroom. Interactive engagement is difficult in a typical classroom with students sitting in fixed rows of chairs with small individual writing surfaces. With difficulty, the department chair was finally able to convince an administrator to provide funding to remodel a classroom that would be dedicated to the junior-year paradigm and senior-year capstone courses.

Designing a Dedicated Classroom

To enact the intended interactive instructional approach, the faculty needed a classroom with tables at which small groups of students could work together on activities and laboratory experiments that were integrated with whole group discussions and instructor mini-lectures. Tables make possible small-group problem-solving on large white boards, for example, so that all group members as well as the instructor and TA walking by can see what the members have written and drawn. Small group activities using computers also can become part of the learning process within class sessions if a computer is available on each table for doing complex computations, visualizing abstract entities such as electromagnetic fields, simulating experiments that are difficult to do in a lab setting, and designing and/or discussing animations that illustrate physical processes.
Designing New Courses


Aspects of designing the new courses included presenting multiple cases in varying contexts and levels of abstraction, attending to the integration of mathematics and physics, developing students’ comfort with multiple notations from using many resources, developing concepts and skills across many courses, building upon the results of physics education research, balancing individual faculty freedom to design a course with the need for a coherent curriculum, valuing individual perspectives and contributions, and resolving conflicting visions and approaches

Multiple cases in varying contexts and levels of abstraction. To help students gain flexibility in applying concepts and skills, the faculty presented multiple cases in a variety of contexts and at different levels of abstraction.

Attention to integration of math and physics. Because some of the language and notation taught in mathematics courses differs from the language and notation used in physics courses, the faculty explicitly tried to become aware of and address difficulties students typically encounter in applying what they have learned in mathematics courses to physics.


Development of comfort with multiple notations from using many resources. By referring students to multiple textbooks and online resources, the faculty developed students’ comfort and skill in using multiple notations.


Development of concepts and skills across many courses. To build student confidence and competence, the faculty introduced and developed concepts and skills across many courses. They constructed a content matrix to track for both themselves and the students how this occurs.


Building upon physics education research. By participating in conferences and reading the physics education research (PER) literature, the faculty became aware of and chose to incorporate factors known to improve student learning. These included designing a spiral curriculum in which students encounter common themes in multiple courses in contexts of increasing complexity, engaging students in exploring specific examples before developing general theories, and arranging a variety of ways for students to participate actively in class through experiments, small group activities and whole group discussions in which students talk about what they think and why they think that with one another as well as with the professor. See ( http://physics.oregonstate.edu/portfolioswiki/publications:start ) for articles articulating the faculty’s contributions to physics education research. Information about physics education research nationally and internationally can be found at ( http://www.compadre.org/per/ ).


Balancing individual faculty freedom to design a course and the need for a coherent curriculum. Designing the new courses required balancing the faculty members’ freedom to develop individual courses according to their own intellectual commitments and instructional preferences with the need to create a coherent curriculum. When the content of a later course builds upon the content of an earlier course, it is important that both faculty members understand this dependency, so that the professor for the early course does not decide to omit a particular topic and that the professor for the later course takes advantage of the students’ early exposure to that topic.


Valuing perspectives and contributions of individuals. Students learn in different ways just as faculty teach in different ways; thus a diversity of approaches is desirable. Faculty differed, for example, in how they viewed the use of the two-hour sessions on Tuesdays and Thursday from seeing these primarily as opportunities for laboratory experiences with extended discussions or for a series of small group activities interspersed with mini-lectures. Both approaches were valuable.

Resolving conflicting visions and approaches. Difficult differences seem likely to occur when radical change is underway and individuals feel strongly about what needs to be done. The new chair first tried discussion to seek common ground when dissension emerged during implementation; then sought help through facilitation by someone outside the situation; and eventually assisted in making arrangements for an individual who decided to leave.

Nurturing Interactive Engagement Pedagogy


The faculty agreed to shift from primarily lecturing to students toward more interactive engagement strategies. This involved integrating collaborative activities and laboratories with lectures, meeting regularly to discuss pedagogy, expanding roles for teaching assistants, offering a teaching seminar, developing resources to assist faculty new to a course, and recognizing the need for reasonable expectations for the pace of change. These developed gradually and continue to this day.

Integration of collaborative activities/labs with lectures. Faculty have initiated a wide variety of ways to engage students beyond listening to lectures during class. These include small group activities, compare and contrast activities, kinesthetic activities, small whiteboard questions, clicker questions, computer visualizations, and tangible metaphor activities. The paradigm program wiki at (http://physics.oregonstate.edu/portfolioswiki/strategy:start ) provides many examples. Such activities sometimes include the use of specially constructed equipment such as the “partial derivative machine” (Roundy et al., 2015) as well as simple equipment such as a hula hoop. See descriptions at (http://physics.oregonstate.edu/portfolioswiki/props:start ).


Frequent faculty meetings to discuss pedagogy. Faculty members teaching upper-level courses meet regularly to discuss what is happening in the courses, how students are (or are not) learning, why previous instructors have chosen to address issues in the ways they have, where changes might be desirable to make... These ongoing and open-ended meetings have provided continuity and support as new faculty members take responsibility for teaching the courses, particularly if they have not themselves had extensive experience either as teachers or learners in interactive class contexts.

Expanded roles for teaching assistants. The paradigm TAs attend classes and provide assistance to students during small group activities, participate in discussions with instructors about what students are thinking, convey to instructors what students are experiencing, and provide continuity when new faculty members begin teaching a course.

Teaching seminar. A teaching seminar for graduate students helps them “to think beyond the numbers, conceptually” and to become aware of the struggles that some of their undergraduate students may be experiencing.

Resources to assist faculty new to a course and others interested. The primary resource available to anyone interested in the reformed upper-level program is the paradigms wiki (http://physics.oregonstate.edu/portfolioswiki/props:start ). This wiki includes information about the curriculum (activities by topic, activity sequences, courses, textbooks), pedagogy (activities by classroom strategy, narratives/videos, props/equipment, small whiteboard questions, thoughts about how students learn), institutional change (thoughts how departments and teachers change), and publications, talks, and workshops. The faculty also have videos of class sessions that several faculty new to a course have found helpful to watch before teaching a class. Faculty new to a course also have access to a binder of materials assembled by the previous faculty member teaching the course.

Reasonable expectations for change. Change is hard and one should not expect too much change too fast. Also one needs to expect and to be open to changes in one’s own understanding of what is going on.

Fostering Success for All Students


Aspects of fostering success for all students include using interactive engagement pedagogy, enabling students to focus intensely on one course meeting daily, and making available a room for students to use to study together outside of class.


Interactive engagement pedagogy. Adapting and inventing many ways to engage students actively in class have been central to the reforms undertaken through this project. See examples at (http://physics.oregonstate.edu/portfolioswiki/strategy:start). In addition to deepening understanding, engaging students in talking with one another can create a sense of community that extends well beyond class hours. This seems to be particularly helpful for underrepresented students who may not otherwise have access to informal support outside of class.

Focus of attention on one course meeting daily for three weeks. The juniors in the paradigm courses can focus intensely on learning from one instructor in one course meeting for one or two hours daily for three weeks. This creates an immersion experience with coordinated in-class tasks and homework assignments instead of students trying to learn from two instructors in two separate uncoordinated courses, each meeting for one hour on Monday/Wednesday/ Friday, spread over a ten-week term. 

Availability of a room for students to use outside of class for studying together. In addition to a dedicated classroom that fosters interactive approaches to instruction, the faculty provide a room that students can use to study together outside of class and encourage that use.

Ongoing Faculty Study and Reflection on Teaching and Learning


An essential aspect of the program has been the development of a faculty learning community, engagement in our own physics education research studies, and the emergence of a discipline-based education research (DBER) community within this institution.


Development of faculty learning community. The ongoing paradigm faculty meetings represented a valued change in culture from faculty isolation as they designed and taught their courses independently toward faculty collaboration as they met regularly to discuss what was happening in the courses and how their students were (or were not) learning.

Physics education research (PER) studies. Some of the paradigm faculty systematically video-record class sessions and make copies of student homework and examination responses. They have interpreted and presented some of these data in articles published in physics education research journals. These studies have deepened their understanding and enactment of ways to foster student learning. For information about and links to many of these studies, see (http://physics.oregonstate.edu/portfolioswiki/publications:start ).

Participation in PER conferences. Some faculty, graduate teaching assistants, and undergraduate learning assistants also have presented study findings at physics education research conferences. Such conferences also have provided opportunities to learn from others about ways to enhance physics learning and teaching. Physics Education Research-Central (http://www.compadre.org/per/) provides a useful history of the emergence and evolution of physics education research within physics departments.

Discipline-based education research (DBER) community within our institution.  The importance of disciplined-based education research (DBER) has been recognized in recent years by funding agencies and university hiring priorities. Faculty from a variety of departments and colleges across the university formed an early collaboration, Enhancing STEM Education (ESTEME) (http://www.science.oregonstate.edu/ESTEME/doku.php ) One effort involved seeking approval for, searching, and then hiring several faculty members in engineering, science, and mathematics departments whose research focuses on learning and teaching, forming an interdisciplinary community of STEM researchers on campus.  This has evolved into a major NSF funded interdisciplinary project, ESTEME@OSU (http://stem.oregonstate.edu/esteme/home).
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