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Some questions:

If visitors were to come into your classroom or lab— the learning environment for which you are responsible, what impression would they have?

If you are about to teach a class, pause before you walk into the classroom and ask, “could I do what I plan to do without any students present?”

Questions such as these set the stage for questioning and discussing the why, what, and how of contemporary approaches to learning and teaching that can be captured under the large umbrella of “pedagogies of engagement. “

The student learning goal of all of these approaches— whether a formal “named” pedagogy or a combination of common practices—is to engage students in constructing their own learning. The larger goal is to prepare students well- equipped for the challenges and opportunities they will encounter as they enter the 21st century workforce and assume their responsibilities as citizens in a 21st century democracy.

This Guide is for those who wish to improve the learning of their students in science, technology, engineering and mathematics classrooms. Thus, this Guide is for faculty— as individuals, members of departments, institutions and collaborative networks, as well as for the network of colleagues— departmental and divisional chairs, deans, directors of centers of teaching excellence, and others who support and nurture faculty agents of change— within and beyond a single campus.

This Guide is intended as a starting point for what can be a complex journey of pedagogical transformation, serving those who are unsure about where or how to start in looking for ideas, best lessons learned or how to adapt a particular approach that seems to work in another setting.

It captures and distills efforts of some of the growing number of pedagogical pioneers and agents of change whose efforts are having demonstrable success in enhancing student learning in STEM fields, ensuring both depth of content knowledge and increased skill in using the methods and tools of scientific engagement as they move from campus to the world beyond.

The challenge— as always— is how to make the broad community aware of their work and to facilitate wider adaptation of pedagogies that work in serving student learning, toward the end of serving science and society.
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C.  Some questions about what difference they make:

I. To students in and entering into STEM classrooms and labs—the 21st century cohort of learners: for those preparing for a career as a STEM professional/graduate school  for those preparing for a career in the 21st century workforce  for preparing all students as creative thinkers and leaders in our 21st century democracy for preparing all students as life-long learners for students with different learning styles, backgrounds, career aspirations.
II. To how science and technology is practiced—21st century workforce

III. To serving society— our 21st century democracy

IV. How do we know; where are the sources of hard data that engaged pedagogies make a difference?

D.   Some questions about support and sustainability:

I. What are the long-term institutional implications for adapting, implementing and assessing pedagogies of engagement?

II. What is the role of senior academic administrators, officers for assessment and/or IT, directors of Learning/Teaching Centers, others in nurturing a sustainable pedagogical initiative?

III. What infrastructure—technological, physical—needs to be in place at the campus level to support informed exploration, adaptation, implementation and assessment of pedagogies of engagement over the long-term?

IV. What infrastructure of networks and collaborations, virtual and real-time meetings, needs to be in place at the regional and national level to support informed exploration, adaptation, implementation and assessment of pedagogies of engagement over the long-term?
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Creativity is a lot like looking at the world through a kaleidoscope. You look at a set of elements, the same ones everyone else sees, but then reassemble those floating bits and pieces into an enticing new possibility.

Innovators shake up their thinking as though their brains are kaleidoscopes, permitting an array of different patterns out of the same bits of reality. Changemasters challenge prevailing wisdom. They start from the premise that there are many solutions to a problem and that by changing the angle on the kaleidoscope, new possibilities will emerge. Where other people would say, ‘That’s impossible. We’ve always done it this way,’ they see another approach. Where others see only problems, they see possibilities.

Kaleidoscope thinking is a way of constructing new patterns from the fragments of data available— patterns that no one else has yet imagined because they challenge conventional assumptions about how pieces of the organization, the marketplace, or the community fit together.

— Rosabeth Moss Kanter, Evolve!: Succeeding in the Digital Culture of Tomorrow. Boston: Harvard Business School Press, 2001.
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Pedagogies of Engagement are those that:

Ways to explore, adapt, implement, and assess Pedagogies of Engagement include:

Student Learning Outcomes embedded in Pedagogies of Engagement are:

Pedagogies of Engagement make a difference in that they:

The support needed to sustain Pedagogies of Engagement over the long term includes:
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All in all, the changing requirements for working in the new economy place a new premium on the importance of graduating students who have the ability to take the initiative, be enterprising and take charge of their own careers. Hence, the changing character of work in our new economy reinforces the message that is coming from the cognitive sciences. Listening to lectures is not enough. Students must take charge of their own learning— and learn by doing.

All in all, there is a growing, daunting list of “new literacies” that Americans need to learn to be effective citizens— literacies in science and technology, literacies in global awareness and foreign languages, literacies in dealing with diversity, and giving meaning to the words “us” and “them.” Each of these literacies represents a possible yardstick for judging the quality of the education colleges and universities provide.

Taken together, these literacies add up to what I think of as the “new civics” of the 21st century. …learning about things is not enough. Graduates also need to learn how to do things. Having looked at the new civics, we can further conclude that learning how to do things is also not enough. There is a third dimension of learning that graduates must acquire. They must learn not only how to do things but learn to value doing them as well. To be a citizen one must not only be informed. One must also care, and be willing to act on one’s values and ideas. Crucial to all the new civic literacies is the development of an emotional identification with the larger community and the belief that, in the face of overwhelming complexity, one individual can make a difference.

…the core issue, in my view, is the mode of teaching and learning that is practiced. Learning “about” things does not enable students to acquire the abilities and understanding they will need for the 21st century. We need new pedagogies of engagement that will turn out the kinds of resourceful, engaged workers and citizens that America now requires.

— Russell Edgerton. 1999 White Paper (prepared for the Pew Forum on Undergraduate Learning)

Sidebar:

“For the future, the nation will need a workforce equipped with more than literacy in reading, math, and science. We need a whole generation with the capacities for creative thinking and for thriving in a collaborative culture. We need a class of workers who see problems as opportunities and understand that solutions are built from a range of ideas, skills and resources.

People are not born with inherent

innovation skills, but they can learn them. They can acquire the social skills to work in diverse, multidisciplinary teams, and learn adaptability and leadership. They can develop communication skills to describe their innovation. They can learn to be comfortable with ambiguity, to recognize new patterns within disparate data, and to be inquisitive and analytical. They can learn to translate challenges in opportunities and understand how to complete solutions from a range of

resources.

These skills are best acquired by experiencing innovation first-hand, building the confidence that underpins future success. To quote Benjamin Franklin: ‘You tell me, I forget; you teach me, I remember; you involve me, I learn.’”

· Council on Competitiveness, National Innovation Initiative Summit and Report: Th riving in a World of Challenge and Change. 2005.
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Knowledge and information in the STEM fields is growing at an increasingly brisk pace. This knowledge/information explosion makes it impossible to “cover” in an undergraduate STEM course all of the important ideas/concepts/discoveries/facts.

An ever increasing number of interesting problems in the STEM fields now lie at the interface of multiple disciplines. Whereas in the past, it ws possible for STEM professionals to stay totally within discipline “silos” during their careers, tomorrow’s workforce will need to be knowledgeable across multiple disciplines to grapple with the complex scientific and technological problems that society will need to have solved.

Students in undergraduate STEM courses are being asked to “learn” an increasing body of knowledge only to forget it shortly after the courses are over. Instructional methods that help students retain and apply major concepts within and across STEM disciplines is a challenge that must be addressed.

Proposed learning goals in undergraduate STEM education:

Structure instruction to help students learn a few major principles/concepts well and in-depth.

Structure instruction to help students retain what they learn over the long term.

Assist students in building a mental framework that serves as foundation for future learning.

· Jose Mestre, Private correspondence.

Sidebar:

Being a student in an introductory science course, especially in a large section, can be an impersonal, intimidating, and frustrating experience. The instructor may be willing to help, but office hours are limited and a struggling student may skip those opportunities for assistance due to the risk of revealing how little he or she understands.

What struggling student wants to be on the spot and at the mercy of an impatient professor? Discussion sections may not be much better than a calls with a handful of students watching problems being solved by a TA, but not really understanding the solutions or even knowing which questions to ask.

Peer-led-team-learning provides students with an efficient and supportive study group where they coached in problemsolving by a knowledgeable student leader who is trained to facilitate learning. Working on specifically-designed assignments outside of class-time without the stress of being under the instructor’s critical eye can provide an acceptable form of vulnerability that may be necessary for a student to find and address their real difficulties with the subject and even to enjoy it.

— PLTL Student
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What are characteristics/attributes of pedagogies of engagement?

What are the synergies among the pedagogies of engagement?

A focus on cooperative learning: the process in which students are “working together to accomplish shared goals. Within cooperative activities individuals seek outcomes that are beneficial to themselves and beneficial to all other group members. Cooperative learning is the instructional use of small groups so that students work together to maximize their own and each others’ learning. Carefully structured cooperative learning involves people working in teams to accomplish a common goal, under conditions that involve both positive interdependence (all members must cooperate to complete the task and individual and group accountability (each member individually as well as all members collectively accountable for the work of the group).

A focus on problem-directed learning: the process of working together toward the understanding or resolution of a problem, that moves through the stages of understanding the problem, identifying what is needed to resolve the problem (content/skills), gaining that content and skill knowledge, applying that content and skill knowledge to the resolution of the problem. This learning can happen in groups of different sizes, including self-led groups of five to six students; a variation is project-based learning.

— Adapted from Karl Smith, et al., “Pedagogies of Engagement: Classroom-Based Practices.” Journal of Engineering Education, January 2005.
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1.  Questions to ask:  what are the common attributes of pedagogies of engagement?

Does the pedagogical approach motivate and engage students?

Does the approach address the beliefs students bring into the classroom; does it build on what they know about the topic?

Does the approach engage students with diverse student learning styles?

Does the approach have an appropriate balance between ‘guidance’ and  “exploration?”

Does the approach include opportunities for reflection, discussion and synthesis?

Does the approach include opportunities for gauging what students are learning, for confirming they are on the right track?

Does the approach include opportunities to students to iterate and improve their understanding incrementally?

(*Adapted from Cathy Manduca)

2.  What works.  Pedagogies of engagement:

interest students, motivates their learning and connects to prior knowledge

engage students in actively constructing their own knowledge, incorporating a variety of techniques with multiple points of entry, recognizing diversity of learning styles and preparation

provide iterative opportunities for practice, recognizing the importance of the ability to transfer knowledge from one setting to another.

(* Adapted from Delson, Danny, Learning-For-Use:  A Framework for the Design of Technology-Supported Inquiry Activities.  Journal of Research in Science Teaching, 38 (3), 355-385.)
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Scott, P. H., et al. (1991) Teaching for Conceptual Change: A Review of Strategies, Research in Physics

Learning: Theoretical Issues and Empirical Studies. Proceedings of an International Workshop. R. Duit,

F. Goldberg, H. Niederer (Editors), March 1991.

An I.C.P.E. Book © International Commission on Physics Education 1997,1998

Beghetto, R. A. (2004). Toward a more complete picture of student learning: assessing students’ motivational beliefs. Practical Assessment, Research & Evaluation, 9(15).

http://PAREonline.net/getvn.asp?v=9&n=15

— Gregor Novak

Calibrated Peer Review is very much tied to the component of Writing Across the Curriculum known as Writing in the Disciplines. A relevant web site is: What is Writing in the Disciplines? The WAC Clearinghouse http://wac.colostate.edu/intro/pop2e.cfm

— Arlene Russell

The overall pedagogy is closely connected to Cognitive Apprenticeship theory of learning.  (Collins, A., Brown, J. S., & Newman, S. E. (1989). Cognitive apprenticeship: Teaching the crafts of reading, writing, and mathematics. In L. B. Resnick (Ed.), Knowing, learning, and instruction: Essays in honor of Robert Glaser (pp. 453-494). Hillsdale, NJ: Lawrence Erlbaum Associates).

The processes we teach are based on the research on problem solving and the differences between expert and novice problem solving behavior.  (Pólya, George (1945). How to Solve It. Princeton University Press.) (Newell, A., & Simon, H. A. (1972). Human problem solving. Englewood Cliffs, NJ: Prentice-Hall.) (Chi, M. T. H., Feltovich, P. J., & Glaser, R. (1981). “Categorization and representation of physics problems by experts and novices”. Cognitive Science 5: 121–152.) (Schoenfeld, A. H. (1987). Cognitive science and mathematics education: An overview. In A. H. Schoenfeld, Cognitive science and mathematics education. Hillsdale, NJ: Lawrence Erlbaum.)

For a non-specialist level article see Martinez, M. E., What is problem solving? Phi Delta Kappan, 79, 605-609 (1998).

The cooperative group mechanisms are based on the research on collaborative learning. (Johnson, D. W., Johnson, R., & Maruyama, G. (1983). Interdependence and interpersonal attraction among heterogeneous and homogeneous individuals: A theoretical formation and a meta-analysis of the research. Review of Educational Research, 53, 5-54.)

· Ken Heller

Sidebar:

Note to Summit:

The challenge might be how to connect HPL to “common attributes” (which would be page 10) to specific approaches (which would be page 11).
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There are a few links to research on learning that are components of POGIL:

a. Constructivism. Each individual constructs his or her own knowledge and understanding. This construction is strongly influenced by what the learner already knows and understands (or misunderstands). These ideas are nicely summarized in How People Learn by Bransford, Brown, and Cocking. Many of the tenets are also described in the Spencer J. Chem. Ed article from 1999. Another useful summary is given in Johnstone, A. H. “Chemistry Teaching – Science or Alchemy?”, Journal of Chemical Education 1997, 74, 262-268.

b. Learning Cycle. This is based on a Piagetian model of learning, and was developed by Karplus and others in the late 1950s and early 1960s for elementary school science instruction. In this approach, there are three phases to the learning experience: Exploration, Concept Invention (or Term Introduction) and Application. An excellent summary of this approach is given in Abraham, Michael R. “Inquiry and the learning cycle approach” in Chemists’ Guide to Effective Teaching, Volume 1. Pienta, N.J., Cooper, M. M. ad Greenbowe, T. J., eds. Prentice Hall: Upper Saddle River, NJ 2005.

c. Cooperative Learning. The use of groups as an effective pedagogic strategy is

significantly influenced by the work of Johnson, Johnson, and Smith.

There is a body of cognitive research that links student construction of new knowledge to student’s preexisting ideas about the world. The writing on the subject is referred as conceptual change literature. In addition there is a body of research that looks at how students’ motivational beliefs and classroom contextual factors affect conceptual change.

— Rick Moog

What is the relationship between pedagogies of engagement and how people learn?

See: http://www.compadre.org/PER/per_reviews/media/volume1/SCALE-UP-2007.pdf for the gory details. We have considered Vygotsky’s social constructivism, Johnson & Johnson’s collaborative grouping, the importance of relationships by Astin, active learning as noted by

Hake and many, many others, etc.

— Robert Beichner
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The goal of scientific teaching is to make teaching more scientific.  Embedded in this undertaking is the challenge to all scientists to bring to teaching the critical thinking, rigor, creativity, and spirit of experimentation that defines research.  Scientific teaching also posits that the teaching of science should be faithful to the true nature of science by capturing the process of discovery in the classroom.  There is evidence that teaching scientifically improves undergraduate education and student learning, and this evidence needs to inform instructional decisions.

Scientific teaching is needed because science is important.  We do a disservice to our discipline and our students by reducing science education to a spontaneous, sometimes haphazard, process of delivering information with no attention to evidence either from the published literature or from our students about the validity of our delivery methods.  Scientific teaching employs methods whose effectiveness has been established by research, it promotes student assessment of their own learning, and it depends on mid-course corrections in response to formal and informal assessments of learning.  We simply cannot afford to discover only when we grade exams, long after the actual teaching event, that our students largely missed or misunderstood the content and concepts.  The rapid expansion of many scientific frontiers places the onus on science educators to teach efficiently and effectively, assuring that students acquire a vast amount of knowledge and retain a good portion of it.  Our students, whether they major in biology, art history, math, or elementary education, should not complete their college education without understanding basic principles and facts about the world around them.  Equally important, our students need to emerge with an understanding of the nature of science so they can appreciate the origins of scientific information, think critically about new problems and situations, and sustain a lifelong curiosity about the world around them.

· Jo Handelsman, Sarah Miller, Christine Pfund, Scientific Teaching. W.H. Freeman and Company, 2007.

Sidebar:

Our society faces both a demand for improved science education and exciting opportunities for meeting those demands. Taking a more scholarly approach to education—that is, utilizing research on how the brain learns, carrying out careful research on what students are learning, and adjusting our instructional practices accordingly—has great promise. Research clearly shows the failures of traditional methods and the superiority of some new approaches for most students. However, it remains a challenge to insert into every college and university classroom these pedagogical approaches and a mindset that teaching should be pursued with the same rigorous standards of scholarship as scientific research.

Although I am reluctant to offer simple solutions for such a complex problem, perhaps the most effective first step will be to provide sufficient carrots and sticks to convince the faculty members within each department or program to come to a consensus as to their desired learning outcomes cannot be vague generalities but rather should be the specific things they want students to be able to do that demonstrate the desired capabilities and mastery and hence can be measured in a relatively straightforward fashion. The methods and instruments for assessing the outcomes must meet certain objective standards of rigor and also be collectively agreed upon and used in a consistent matter, as is done in scientific research.

Carl Wieman, “Why Not Try A Scientific Approach To Science Education?” Change, September/October 2007.

Note:

Note to Summit: The intent of pages 12 & 13 is to make pedagogical work an inherent part of the life of the STEM scholar. Intro paragraphs needed, obviously.
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Understanding the Problem

First.

You have to understand the problem.

What is the unknown?  What are the data?  What is the condition?

Is it possible to satisfy the condition?  Is the condition sufficient to determine the unknown?  Or is it insufficient?  Or redundant?  Or contradictory?

Draw a figure.  Introduce suitable notation.  Separate the various parts of the condition.  Can you write them down?

Devising a Plan

Second.

Find the connection between the data and the unknown.

You may be obliged to consider auxiliary problems if an immediate connection cannot be found.

You should obtain eventually a plan of the solution.

Have you seen it before?  Or have you seen the same problem in a slightly different form?

Do you have a related problem?  Do you know a theorem that could be useful?

Look at the unknown!  And try to think of a familiar problem having the same or a similar unknown.

Here is a problem related to yours and solved before.  Could you use it?  Could you use its results?  Could you use its method?  Should you introduce some auxiliary element in order to make its use possible?

Could you restate the problem?  Could restate it still differently?  Go back to definitions.

If you cannot solve the proposed problem try to solve first some related problem.  Could you imagine a more accessible related problem?  An analogous problem?  Could you solve a part of the problem?  Keep only a part of the condition, drop the other part; how far is the unknown then determined, how can it vary?  Could you derive something useful from the data?  Could you think of other data appropriate to determine the unknown?  Could you change the unknown or the data, or both if necessary, so that the new unknown and the new data are nearer to each other?

Did you use all the data?  Did you use the whole condition?  Have you taken into account all essential notions involved in the problem?

Carrying out the Plan

Third.

Carry out your plan.

Carrying out your plan of the solution, check each step.  Can you see clearly that the step is correct?  Can you prove that it is correct?

Looking Back

Fourth.

Examine the solution obtained

Can you check the result?  Can you check the argument?  Can you derive the result differently?  Can you see it at a glance?  Can you use the result, or the method, for some other problem?

— George Polya, How to Solve It. Doubleday Anchor, 1957.
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Some faculty aren’t interested or don’t have much time to think about teaching. Many are somewhat elitist and don’t mind high failure rates. I tend to focus on the content my students can handle that I know theirs can’t.

— Bob Beichner

Student resistance to a paradigm shift to a daily effort.

Student perception that they are “teaching themselves.”

Faculty anxiety about “covering” the material in the syllabus. “If I don’t say it in class, it has not been covered.”

Younger faculty “content anxiety.” Letting the class participate in a live class discussion exposed some subject matter weaknesses that a prepared lecture does not.

To overcome these: persistence and dedication. One has to believe that this is valid approach, sometimes in the face of apparent evidence to the contrary.

— Gregor Novak

Reluctance or colleagues to change instructional process and to introduce change in assessment procedures. Poor student course evaluations when assessment procedures are changed, despite knowledge that learning has increased.

— Arlene Russell

Initial skepticism of many in the faculty. This was overcome in several ways:

Starting small with a single class that was known to be “un-teachable.”

Spending time with a member of the faculty, respected for both his teaching and research who was an open minded skeptic, to train him to teach the course. His success in teaching the course helped open the door.

Rotate a number of faculty through the course with only normal preparation to experience the course. Encouraging them to visit the cooperative group sessions (discussion sections and labs) to listen to the students and to look critically at the test papers of the students. These individual experiences were much more effective than all of the data we gathered.

Showing the satisfaction of the coaches, initially graduate TAs, who worked in the course.

· Ken Heller
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Barriers:

· Faculty age; “established” faculty aren’t eager to take on new ways of doing things and revising their practices.

· Faculty time; faculty are too busy with the multiple demands of teaching, research and service, and it takes time to teach differently

· Data are needed to show that things being advocated work; why change if we’re not sure that alternative is more successful

· Faculty regard new ways of teaching as a loss of control

· Faculty are experiencing “change fatigue” with all the new things they are being asked to do

· Faculty don’t perceive that there is any problem to be solved – they are comfortable with a gatekeeper role.

· Attitude in the department that a high proportion of students are supposed to fail introductory and key courses such as organic chemistry

Solutions:

· Tap into “group think” so that departments begin to own courses and not individual faculty

· Intentionality in hiring so newly hired faculty (LH:and administrators??) are aware of and value new pedagogies

· Engage people who know education with people who teach the disciplines to break down barriers between education faculty and the disciplinary departments

· General education content areas and target competencies can include some of the STEM goals, e.g., quantitative, technology and information literacy

· Department self-studies can look at their programs as a whole in the context of these issues

· Encourage membership in professional societies which have already developed learning goals outcomes for successful UG programs in the disciplines

· Find ways to get more access to information on what has been done already by national organizations or programs supported by them so that you don’t reinvent the wheel

· Take advantage of the opportunity of R-1’s to develop both awareness and skills in new pedagogies in their doctoral students and post docs (LH: as R-1’s are the kelp beds for future faculty, in Brad’s ecology)

— 2008 AAC&U PKAL Pedagogies of Engagement Seminar.
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How to Start:

I always tell people to start by writing down their learning objectives for the course—i.e., what they want students to be able to do at the end of the semester. This is critical. After that, I think starting right is paying attention to the physical layout and infrastructure of the learning space, and for us—the round tables are the most important technology in the room. Laptops can be added after that.

— Robert J. Beichner, North Carolina State University on SCALE-UP

Our approach can be implemented to whatever extent the instructor is comfortable. Some completely convert the classroom (or laboratory) into a POGIL learning environment. Some begin by scheduling POGIL experiences on a relatively infrequent but regular basis throughout the course—for example, every other Friday. Others implement the POGIL approach for those topics they think are best suited for the approach. In large classes, some have converted recitation sessions to the POGIL approach, or replaced one of their three lectures each week with smaller POGIL sessions (similar to PLTL). Some have implemented our approach in large classes on a more regular basis, using student response systems (“clickers”) as a method of monitoring all of the groups and providing pacing for the activity.

— Richard S. Moog, Franklin & Marshall College on POGIL

JiTT can be adapted in stages by selecting certain modules of the course for which the JiTT approach would work best, learning others in the traditional mode. Develop (adapt) JiTT ‘warm-up’ assignments for those modules, and then follow through on developing an outline of classroom activities (ala the JiTT approach) that will be fleshed out after student responses are in hand. Note that in each of these individual modules, the switch to JiTT has to be complete: students are to complete the assignments before every JiTT classroom experience; the faculty develop the interactive lesson plan based on student responses. The lesson has no passive elements.

— Gregor Novak, United States Air Force Academy on Just in Time Teaching

Calibrated Peer Review can be adapted in stages. Faculty can begin with: a) deciding how to integrate relevant writing into the topics of a course; b) setting up the program on a department server and selecting an existing assignment; and c) working with the class as they become confident in their ability as peer reviewers.

· Arlene Russell, University of California, Los Angeles on Calibrated Peer Review

Sidebar:

· Students have to think. (Robert J. Beichner, North Carolina State University)

· The pedagogy is student-centered in the sense that all the activities are informed by the knowledge status of the class to be taught.

· Students should have a sense of ownership. That means that even though these is a syllabus and there are course objectives, students have some say in how the syllabus is implemented and, to some extent, what deviations from the preplanned syllabus are acceptable as the course unfolds. (Gregor Novak, United States Air Force Academy)
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Strategies to Get Started

Start from where you are; make a campus audit:

· Seek out best practices to overcoming common barriers, within and beyond your home campus community.

· Understand the culture, community and character of your home campus in regard to pedagogical and curricular change.

· Identify emerging interests of faculty across the campus in exploring, adapting and assessing pedagogies of engagement.

· Document current expertise and experience with active and engaged learning on your campus and within collaborating communities.

Deepen understanding of the power and potential of pedagogies of engagement, create and scale-up local expertise:

· Form a community for mutual support of local agents of change.

· Learn first-hand lessons learned and best practices from pedagogical ‘gurus,’ refrain from reinventing the wheel.

· Talk with colleagues—formally and informally—about student learning, pedagogies of engagement, and what works, why and how for the students on your campus.

· Take time to pilot new approaches (with institutions providing ‘sandbox’ space), with support from faculty peers and administrative colleagues.

· Share stories of experiences with change, increasing the collective wisdom and interest within the campus community.

Link pedagogical change to enhancing institutional distinction:

· Think strategically about the integration of pedagogical innovation with institution-wide planning of programs and spaces.

· Nurture a culture of risk-taking; celebrate piloting and sandboxing.

· Tell your stories often.

Use external resources creatively and persistently; recognize that for every systemic problem an elegant solution already exists somewhere.

Sidebar:

Undergirding these pedagogies are the tenents of social constructivism—which recognizes that knowledge is constructed in the mind of the learner by the learner. Students must actively build for themselves a workable understanding of sophisticated concepts, and must be engaged in developing their own higher-order thinking skills.

They are designed to promote higher-order thinking skills; to help students learn to reason through problems, instead of using algorithmic approaches; to build conceptual understanding through active engagement with the material; to foster growth in teamwork and collaborative problem-solving skills. (Pratibha Varma-Nelson, Indiana University-Purdue Unversity Indianapolis)

Note:

See note on p. 10-11. We’ll have to determine a way to link & differentiate between generic strategies- pre-class question for example, and specific to those “named” strategies.
Page 18- AIV: Resources for Exploring, Adapting, Implementing, and assessing
Note to summit:

See response C: the thought of the planning group was that this discussion of resources was to serve the individual faculty member wishing to start/continue and that departmental and institutional resources be discussed later.  Probably need links to SERC and to data— what else?
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Page 20- BI: Student learning goals
We reviewed a variety of reports on student learning goals from a number of professional societies, projects of pedagogical pioneers who have received funding to deliver major pedagogical initiatives, and from national groups concerned about developing and maintaining an appropriate workforce. We were impressed and gratified to find a common set of learning goals or characteristics of success for undergraduate STEM students. They include:

Thinking and working like a professional in the field:

· Demonstrating the ability to:

· Solve problems using critical thinking and logical reasoning

· Devise creative solutions

· Design and conduct experiments

· Analyze and interpret data

· Dissect a problem into its key features

· Use appropriate technologies.

· Locate, identify, read, understand, and evaluate primary scientific literature

· Think in an integrated manner; look at problems from different perspectives.

Working with others as a professional in the field:

· Demonstrating the ability to:

· Work effectively in collaborative groups

· Communicate effectively using listening, speaking, reading, and writing skills

· Establish self-confidence and independence as a professional while respecting the views of others

· Function in multi disciplinary teams

· Appreciate the value of diversity and work with colleagues from a variety of backgrounds and perspectives.

Appreciating the broader context from the perspective of a professional from the field:

· Understanding:

· The need for, and develop the ability to, engage in lifelong learning

· The impact of STEM problems and solutions in a societal and global context

· Their professional and ethical responsibility.

It is in this context that we approach improving the STEM teaching and learning environment.
Page 21- BI: Student learning goals

Page 22- BII: Named pedagogies
A JiTT Scenario

You are preparing an introductory biology lesson on cloning.  You would love to face a class that ha done some preliminary reading, has through about the subject, and has some questions for you.  Don’t we all wish for that?  Well, it can happen.

When Kathy Marrs at IUPUI prepares her lesson she sends her students to the course web sites and invites them to ponder three ‘warmup’ questions.  After some thought, students post their attempts at answers on the course site from where Kathy retrieves them just before class.  She carefully weaves the thoughts and responses of the students into the planning of her lesson.

Here is an example of a warm-up question:

What is wrong with thinking that if we were ever to clone a person, like Einstein, a brilliant physicist, we would end up with another brilliant physicist?

Asking such warm-up questions is at the heart of the interactive, engaged pedagogical strategy called JiTT, which is designed to forge a feedback link between in-class and out-of-class learning opportunities via preparatory web assignments.  Warm-up questions are short, thought-provoking questions that, when fully discussed,  often have complex answers.  The students are expected to develop the answer on their own, as far as they can.  The work on the assigned questions continues in the classroom, with the instructor weaving the submitted responses into the flow of the lesson.  The key is warm-up questions that are relevant as possible to a particular class at a particular time, cast in such a way that together during the class period the students and the instructor collectively guide the construction of new knowledge.

Sidebar:

Note to summit:

In attachments see further possible material

Page 23- BII: Named pedagogies

Page 24- BII: Named pedagogies

Page 25- BII: Named pedagogies

Page 26- BIII: role of people

One model for monitoring multiple PBL groups in an undergraduate classroom is the use of peer group facilitators—undergraduates who have completed a PBL course who return to work along side the faculty instructor as guides for one or more groups. In the peer facilitator model, PBL in the undergraduate

setting is accompanied by use of typical cooperative or collaborative learning structures—that is, drafting by students of group contracts or guidelines, rotation of student roles as group members (for example, recorder, reporter, discussion leader, accuracy coach), and peer evaluation of performance as group members. In PBL, faculty empower their students to take a responsible role in their learning— and as a result— faculty must be ready to yield some of their own authority in the classroom to their students.

· Deborah Allen, University of Delaware

The Student

Sidebar:

Note to summit:

Since we are talking about student-owned learning— how faculty do that should be emphasized.

An example from CCIC: “I have my students write the questions for the final exam. They are always harder than any I’ve written!”

Page 27- BIII: role of people

The Faculty Member

The Department

What works at the departmental level to support and sustain robust student learning is when:

· there is collegial understanding  about what students should know and be able to do (construct and transfer knowledge) at the level of individual courses and stages of learning—from the very first day for all students through a coherent sequence of learning opportunities for majors

· there is visible evidence that departmental learning goals map those expected by the field and by the workplace

· there is collegial understanding on how student learn the essential concepts of the field/discipline that is integrated into the design and implementation of the departmental curricula (courses/labs)

· there is sufficient awareness of the scope and efficacy of contemporary research-based pedagogies in the service of departmental student learning goals, with support for exploring and adapting them

· there is sufficient awareness of the power and potential of instructional and research technologies to strengthen student learning within and beyond the formal classroom/lab setting

· there is attention to which students are learning and what students are learning, considering patterns of success, persistence and attrition

· there are tangible intellectual connections to departments and programs across campus that enable students to scaffold their learning beyond individual classes, courses, and departments, and that take advantage of institutional experience and expertise in the arena of student learning

· keep in touch with alumni to track the impact of learning on their life and work.

Sidebar:

Interview with Hake

Page 28- BIV: what difference do pedagogies of engagement make?
To students:

How do we know?

Sidebar:

Note: Where will this fit best?

Page 29- BIV: what difference do pedagogies of engagement make?

To students:

How do we know?

Page 30- BIV: what difference do pedagogies of engagement make?

Page 31- BIV: what difference do pedagogies of engagement make?

	Knowledge

	
	Science

Social Studies

Mathematics

Humanities

Arts

	Executives will need a broad understanding of other cultures, other languages, history, science, and the arts, if they are to successfully navigate a rapidly changing future business environment.


	Intellectual and Practical Skills

	
	Written and oral communication

	Good writing skills and good public speaking are crucial to business success.


	Inquiry, critical and creative thinking

	We are reminded that the real challenge of today’s economy is not in making things but in producing creative ideas.


	Quantitative literacy

	Business wants new employees from the educational system who can do mathematics accurately...in the world of work it means dealing with real, unpredictable, and unorganized situations where the first task is to organize the information and only then calculate to find an answer.


	Information literacy

	Workers are expected to identify, assimilate, and integrate information from diverse sources; they prepare, maintain, and interpret quantitative and qualitative records; they convert information from one form to another....


	Teamwork

	Extracurricular activities and college projects that require teamwork can help students learn to value diversity and deal with ambiguity.


	Integration of learning

	Reading, writing, and basic arithmetic are not enough. These skills must be integrated with other kinds of competency to make them fully operational.


	Individual and social responsibility

	
	Civic responsibility and engagement

	Educating youth for citizenship should be the job of all teachers, not just those who teach history, social studies, and civics.


	Ethical reasoning

	Study of the liberal arts can lead to moral understandings that are invaluable to success in whatever one attempts in life.”


	Intercultural knowledge and actions

	The improved ability to think critically, to understand issues from different points of view, and to collaborate harmoniously with co-workers from a range of cultural backgrounds all enhance a graduate’s ability to contribute to his or her company’s growth and productivity.


	Propensity for lifelong learning

	So the industry requires a workforce that can keep pace with technology— people who have the fundamental skills and an ability to continue learning....


		[T]hey will need employees that can adapt, continue to learn, and keep pace with rapid developments.



	


— Association of American Colleges & Universities, Liberal Education Outcomes: A Preliminary Report on Student Achievement in College. 2005.

Page 32- What are the long-term institutional implications for adapting, implementing
Significant research and experience coalesce around what works in moving toward and through meaningful pedagogical change:

Getting clear on the focus of change:

· Building a shared vision of what students should know and be able to do.

· Defining student outcomes that bring that vision to life.

· Distilling and integrating curriculum along with broadening the repertoire of instructional strategies.

· Altering assessment to capture what students in order to inform the next step [of change].

· Expanding professional development to include learning while doing and learning from doing.

Making change organizational and systemic:

· Restructuring is all about time— taking time, taking time, finding more meaningful ways to spend time.

· Restructuring means forging initial links to new ideas and new practices, altering the way…people work together, …relate to one another, and so on.

· Restructuring means learning to manage and maintain change over time, among many people, and in many areas of action.

· Restructuring is simultaneous, interactive and messy, rather than a tidy and finite sequence of steps.

· Restructuring begets questions faster than they are answered.

— Michael Fullan, Change Forces: Probing the Depths of Educational Reform. Routledge, 1993.

Page 33-

Page 34- low threshold approaches

Pedagogy

Use problem-based learning in the freshman science seminar, so science students learn, from the very beginning, about research and experimental design. PBL used in 1st year courses help students see the breadth of applications for what they are learning, and realize for themselves the gaps in their knowledge, skills, and learning strategies. Give students opportunity to begin their education with “real-life” experiences– not just simply learning about theory and concepts.

Pose problems to students in ways that promote a desire to gain knowledge– in order to answer the questions inherent in the problems. Lecture/content is then delivered as answers to student-driven questions, rather than as answers to un-asked questions. Present problems to students that will increase critical thinking skills, data acquisition skills, and scientific communication skills.

Challenge students to learn what they can learn by using their own resources and resourcefulness (cognitive apprenticeships), with scaffolding by faculty.

It is evident from the colloquium discussions that “content” seems to or needs to give way to critical thinking skills, and it (content) should only be used as a vehicle to achieve those skills. I will examine my course delivery to emphasize critical thinking.

Provide ample time for reflection/ rumination. Do not “cover” materials with rushed power point slides; interrupt student conversations as rarely as possible. Allow learners to extend their discussions into context-rich environments, such as art museums contiguous to the campus.

The use of jigsaws to bring different perspectives to addressing a problem, and the process of taking the best ideas from different groups to share with the larger group (see report on Friday evening session), This looks like a very effective way to generate/share ideas and especially to improve communication between members of the community who have different roles and perspectives.

· A Template: A Roadmap for Institutional Transformation. PKAL Volume IV: What works, what matters, what lasts, 2005.

Sidebar:

Bransford, Vye and Bateman (2002), in Creating High Quality Learning Environments, recommend that course and program development be guided by the ‘backward design’ process.

Stage I: This stage involves identifying learning outcomes—what the students should know and be able to do at the course/program level. The next step is to subject those outcomes to a set of filters:

· To what extent does the idea, topic or process:

· represent a big idea or have enduring value beyond the classroom?

· reside at the heart of the discipline?

· require uncoverage?

· offer potential for engaging students?

The outcomes that pass through those filters then pass to stage 2:

Stage II: This stage focuses on determining acceptable evidence that students have achieved the specified outcomes. Among the types of assessments that may be considered are:

· quiz and test items—simple, content-focused

· academic prompts—open-ended questions or problems that require the student to think critically

· performance tasks of projects— complex challenges that mirror the issues or problems faced by graduates.

Page 35- Student “owned” learning

Students

The importance of the student voice, the range of student voices, in all institutional decision-making bodies, conversations is my best idea. We should recognize explicitly that these processes are educational experiences that are interactive, interdisciplinary, integrative, and are models of civic engagement, an opportunity to practice the skills of critical thinking and the art of problem-solving. This builds community in support of deep learning.

Students should be “molded” into data-driven critical thinkers. In addition to the general/fundamental theme that pedagogy needs to be more engaging, the best idea is of anticipating the students of the future and emphasizing the need to deliberately and individually make connections between the background of students and their emerging aspirations. This “whole student” development involves all elements of the institution— faculty, pedagogy, curriculum, facilities, etc.

Give students an active and visible role in the decision-making process as issues about change, new directions, assessment arise. This is one way to get them to invest in and own the decisions. Treat institutional change as learning opportunities, by bringing students into the process and the process into the classroom.

The concept of “netgen” and “highly-deviced”– as descriptors of today’s generation of students.

Encourage faculty to get to know their students and help them identify and achieve their goals.  Encourage students to be curious about the world around them and to come up with ideas that can solve the inequalities and challenges that confront them and their world. Help students be responsible citizens of our world and to realize that their actions matter to society.

· A Template: A Roadmap for Institutional Transformation. PKAL Volume IV: What works, what matters, what lasts, 2005.

Sidebar:

Stage III: The final stage is designing appropriate learning experiences and pedagogical approaches to ensure students achieve the desired outcomes. The idea of deliberately designing learning environments is not new. Dewey wrote in 1916, “We never educate directly, but indirectly by means of the environment. Whether we permit chance environments to do the work, or whether we design environments for the purpose makes a great difference.”

More recently, James Duderstadt, President Emeritus of the University of Michigan said: “It could well be that faculty members of the 21st century will find it necessary to set aside their roles as teachers and instead become designers of learning experiences, processes, and environments.”

Page 36- engaged Pedagogies: how
Reflects contemporary pedagogical approaches

Goal: Tackling the work of transforming undergraduate STEM with approaches and tools of STEM professionals.

Strategies:

· Assemble a leadership team that includes persons with diverse interests, experiences and expertise, each capable of informing, influencing, shepherding and supporting the process and outcome of the planning.

· Analyze present circumstances and context, defining the broad nature of the challenges and opportunities facing the community.

· Identify key questions, shaping an “agenda for action” to answer them that takes advantage of the widest range of available experience, expertise and resources.

· Move from analysis to action.

· Reconvene regularly, sharing emerging answers, insights and resources of potential value; revisit the questions, agenda for action and process.

· Communicate clearly, broadly and often, building wide-spread ownership in the process and the outcome of the planning.

Centers on student learning

Goal: Serving a vision that all 21st century undergraduates move from campus to the world beyond the campus well-equipped with deep understanding about contemporary scientific and technological issues and with the skills, capacities, and willingness to use that understanding in addressing those issues as citizens and in the workplace.

Strategies:

· Understand who your students are, what they bring to and gain from their current STEM learning experiences, their learning potential and career aspirations.

· Translate research on how people learn (HPL) into critical questions to be addressed in the planning process on your campus.

· Examine each part of the institutional infrastructure to determine if and how it contributes to strengthening student learning in STEM fields.

· Focus on the future, on the world in which your students will live and work upon graduation, as well as on the changing student demographics in our country.

Sidebar:

Project Kaleidoscope (PKAL) is one of the leading advocates in the United States for what works in building and sustaining strong undergraduate programs in the fields of science, technology, engineering and mathematics (STEM). PKAL is an informal alliance taking responsibility for shaping undergraduate STEM learning environments that attract undergraduate students to STEM fields, inspiring them to persist and succeed by giving them personal experience with the joy of discovery and an awareness of the influence of science and technology in their world.

From the work of the extensive PKAL community, resources are available that can be adapted by leaders on campuses across the country working to ensure robust STEM learning of all their students. Such efforts are a collective response to recent urgent calls to action that address their visions of a nation of learners and a nation of innovators.

Page 37- pkal planning process

Develops leaders and an institutional culture of leadership.

Goal: Generating a visible and evolving cadre of persons in positional and non-positional leadership taking responsibility for shaping an institutional vision and achieving a culture in which that vision can be realized.

Strategies:

· Understand both the leadership culture of your community and the current and anticipated roles and responsibilities of your community with opportunity and responsibility to foster meaningful and lasting change.

· Translate leadership theories into the critical questions about the role of leaders and the culture of leadership within your community that must be addressed in the process of change.

· Examine where and how policies, programs and practices of your community reflect intentionality in identifying, nurturing and celebrating the work of transformative leadership.

· Build an infrastructure for sustaining a culture of leadership within your community over the long-term.

Focuses on what works

Goal: Building a collaborating, problem-solving community within and beyond individual colleges/universities/disciplinary societies/stakeholder institutions that are taking leadership responsibility for meaningful and sustainable transformation of undergraduate STEM at the local and national level.

Strategies:

· Understand current and anticipated challenges and opportunities affecting the work of those responsible for ensuring a robust 21st century STEM learning environment for undergraduates in American classrooms and labs.

· Investigate the work of pioneering individuals and institutions meeting those challenges and capitalizing on those opportunities.

· Distill their experience to determine what works (how, why and for whom); then translating resulting data and information into theoretical guidelines and practical tools that serve the broader STEM community of innovators and adapters.

· Orchestrate a coordinated set of activities to inform the broader STEM community about how to begin, implement, and assess a process of change that: focuses on what works; engages leaders within an institutional culture of leadership; tackles change initiatives with approaches and tools of STEM professionals; and centers on student learning.

Sidebar:

· Scientists love doing science. How can the academic program and institutional infrastructure be organized so as to enable students to enjoy science, to begin to assume the identity of a scientist, engineer, mathematician, from the first day?

· Real science is carried out by teams in settings where face-to-face communication and shared values create a common culture.

How can we shape an environment for learning so students begin to develop a sense of membership in a science community from the first day?

· Science is a human enterprise internally connected, and linked also with the world, with other disciplines, with social and political forces. Beliefs and actions regarding science have important consequences.

How can we give attention to what students learn, how and where students learn, so that those connections and consequences are visible and appreciated from the first day?

— PKAL Volume I: What Works: Building Natural Science Communities, 1991.
