Discovery Learning Research Center

October 10, 2011
Dear Colleagues,
On behalf of the Discovery Learning Research Center (DLRC) at Purdue University, I am
pleased to welcome you to the inaugural conference “Transforming Education: From
Innovation to Implementation”.
Each year, thousands of dollars are invested in the study and development of educational
innovations for college and university courses. Hundreds of scholarly articles are published in
prestigious and rigorously reviewed journals. Yet the data on performance and degree
attainment in STEM higher education are holding steady or declining. Walking into a “typical”
classroom today will look much the same as walking into that classroom 30 or even 50 years
ago, with the exception of some additional technology in the hands of students who are very
likely using it for something other than the class they are attending.
Why does a disconnect exist between our scholarly work and our classroom practice? How
can we address that disconnect to make our “typical” classrooms exemplify the best possible
pedagogical approaches for today’s students in tomorrow’s landscape of scientific and
engineering challenges? How can we ensure that educational research is not relegated to the
arcane but becomes, instead, the cultural currency of teaching?
For the next two days, we hope to engage you in thinking about and discussing these
questions. The conference brings together leaders in educational practice, policy and
administration to prompt the conversation with their perspective of the issues involved. We
have purposely kept the conference at a size that will enable lively participation by all, with
reasonably sized sessions and integrated meals coordinated with featured presentations.
The round tables are no accident either, in the interest of facilitating conversation, or debate,
as you might engage in at a family meal.
A cornerstone of the Transforming Education conference will be the online interactive
component. The goal is to gather your contributions on various topics related to the theme of
the conference and turn this into a position paper that captures the opinion, and
recommendations, of the conference as a whole. Several collaborative wiki pages have been
created on our interactive site (the STEMEdhub) and are ready for your input. (Detailed
instructions for access to the STEMEdhub are provided in this program booklet.) In addition,
you can follow or contribute to the conference news on Twitter or Facebook.

The conference would not be possible without the generous support and collaboration of our
sponsors:

Our heartfelt thanks go to these sponsors who have partnered with DLRC to encourage and
support innovation within STEM education.
I wish you an enjoyable and productive conference and encourage you to be an active
participant both in person and in cyberspace.

Sincerely,

Gabriela C. Weaver
Professor of Chemistry and Science Education
Jerry and Rosie Semler Director of the Discovery Learning Research Center

DLR Suite 203
207 South Martin Jischke Drive
West Lafayette, IN 47907-1791

Phone: (765) 494-4555, Fax: (765) 494-5040
learningcenter@purdue.edu
www.purdue.edu/discoverypark/learningcenter

Hosted by the Discovery Learning Research Center
It is fitting that the Discovery Learning Research Center (DLRC) host this international
conference focusing on the effective translation of educational research to classroom
practice in STEM. DLRC is one of 10 interdisciplinary research centers in Purdue
University's Discovery Park. The mission of the DLRC is to advance research that
revolutionizes learning in the STEM disciplines. Through externally funded research
projects, innovative programs, and collaborative partnerships, the DLRC is committed to redesigning
educational practices and creating innovative learning environments that have immediate impacts and
nurture lifelong learning for students and citizens of a global community.
The DLRC is a unique center that bridges the innovative research work at Purdue with the fundamental
educational mission of the University guided by three goals:
1. Catalyze large-scale, interdisciplinary research programs in teaching and learning, especially in
STEM and STEM-related fields.
2. Promote articulation between the scholarship of teaching and learning and actual classroom
practice at all levels.
3. Provide leadership in influencing STEM public literacy and educational policy.
The DLRC is housed in the first two floors of the Hall for Discovery and Learning Research in Discovery
Park. It encompasses 22,000 square feet of state-of-the-art facilities that include unique, flexible
spaces designed for educational research incorporating technologies and structural features for
collecting research data about the learning experience. Among the DLRC facilities are: learning studios
and atrium which are reconfigurable spaces to support innovative teaching and engaged learning;
science lab and project lab environments to explore different hands-on science, engineering,
technology, and design learning approaches; and a design lab which is a technology-enabled room for
the design and use of instructional media.

© BSA Lifestructures

An optional tour of Discovery Park, including the DLRC, will be available on Wednesday noon, after the
conference ends.
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"Photographs and/or video may be taken during the course of Transforming Education:
From Innovation to Implementation conference 2011. By completing the registration, I
hereby give permission and consent, to the Discovery Learning Research Center to display
and disseminate my likeness by means of various media for the purpose of informing the
public of my participation in and attendance at the event. If I do not want to appear in
video, I can get an “opt out” sticker for my name badge at the registration desk."

INTRODUCTION

Conference Interactive Online Tools
The tools available for the conference and discussed here include:
• Wireless access
• Social media
• Discussion site for preparation of conference position paper:
STEMEdhub.org
FREE WIRELESS ACCESS
To access free wireless internet service, search for the wireless network called:
Purdue Conferences
Enter passphrase:
2011confall
Open browser (IE, Firefox, Safari, etc)
Enter email address to finish authenticating connection.
SOCIAL MEDIA
• Twitter hashtag: #EDUinnovate
• Facebook: Transforming Education 2011
ONLINE CONFERENCE DISCUSSION SITE:
STEMEdhub.org
The discussion site will have two main components:
• Wiki pages – for collaboration on overarching questions related to the
conference.
• Discussion pages – for sharing comments or questions about each session
or lecture.
If you have any difficulties or need assistance at any time with usage of the conference
discussion site, please contact Ann Bessenbacher at ambessenbacher@purdue.edu.

Connecting to the Conference Discussion Site STEMEdhub.org:
•
•

Point your web browser to http://stemedhub.org
Login:
Click on the login button circled in the screen shot below (Figure 1) using your
user id and password. For reference, your user id is your last name and your
password is your email address.
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Figure 1. Home page of STEMEdhub.org. Select “login” button at top right of screen.

My HUB: When you are logged in you will be automatically taken to the ‘My HUB’ page.
Once there, you will see a list of ‘My Groups’ in the center of the page (Figure 2). Click
on the Transforming Education Conference group.

Figure 2. MyHub page. Select conference group from “My Groups” box.
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Transforming Education Conference Group: Once you are on the Transforming
Education Conference page (Figure 3), you will have access to all of the group features.
You will see the conference Twitter Feed on the right side of the page and a list of
available features (Overview pages, Member list, Wikis and Discussion) on the left side
of the page.

Figure 3. Conference group page, with resources shown on left side menu.

Discussion Pages: A discussion page has been created for each session and each
invited speaker. Click on the “Discussion” menu item on the left of the group page
(Figure 3), then select the session you want to comment on from the list. Enter your
comments or questions in the “Add Comment” box. Don’t forget to SUBMIT your post.
Wiki Pages: In order to develop a conference position paper, attendees are
encouraged to collaborate in developing response pages for questions that relate to
the overall theme of the conference. A separate wiki page has already been created
for each question. In the center of the conference page, you will see a list of wikis
already created. You can also get to a list of wikis created from the ‘Wiki’ link in the left
column of the conference page.
Click on the wiki page to which you want to contribute. Then select the “Edit” option in
the menu immediately under the title of the wiki page (Figure 4, red oval on left.) After
adding your edits, don’t forget to SUBMIT your contribution.
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Figure 4. Having clicked on the title of a wiki will take you to that page. You can add your contributions
by selecting “Edit” from the menu directly below the wiki title.

Creating a New Wiki: If you want to create an entirely new overarching theme
question for conference participants to collaborate on, you can select “New Page”
from the menu to the far right of the wiki title (Figure 4, oval on the right). Once you are
on the new wiki page you will be able to enter a title for your new wiki and choose a
template from the drop down list. If you want to create your wiki without a template
leave the template selection drop down set to ‘Select a template.’ If you have any
problems or questions you can click on the purple question mark and a new window
will appear with help on wiki formatting. At the bottom of the wiki page you will need
to set the wiki authorship and permissions. After you create a wiki, you can return at
any time and click on the edit button to modify it.
What is STEMEdhub.org ?
STEMEdhub.org is an online community of practice for university researchers,
administrators, K-12 teachers and combinations of those groups. It was built on
Purdue’s HUBzero architecture by the Discovery Learning Research Center. The site
facilitates the hosting of interactive scientific tools, online presentations, wikis, or
documents such as lesson plans and courses for downloading or interactive editing,
complemented by document tagging to enable searching and a rating tool for
commenting on shared resources. It also allows for the creation of different groups for
online collaboration and sharing of resources. The conference site is a group within
STEMEdhub.org.
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Overview of Conference Schedule
Transforming Education: From Innovation to Implementation
MONDAY

TUESDAY

WEDNESDAY

7:15 AM
Breakfast
8:15 AM
Featured Speaker
9:30-11:45 AM
Concurrent Sessions§

7:15 AM
Breakfast
8:15 AM
Panel of University Leaders
11:00 AM
Conference Concludes

12:00 PM
Lunch
12:40 PM
Featured Speaker

12:00 PM
Optional Tours:⊕
(no charge)

Discovery Park
or
Neil Armstrong Hall of
Engineering

1:40 PM – 3:45 PM
Concurrent Sessions§
4:15 PM – 5:30 PM
Poster Session
5:00 PM – 6:15 PM
Registration†
Opening Reception
6:30 PM – 7:30 PM
Best Practices Showcase‡
7:45 PM
Opening Address

5:30 PM
Reception
6:15 PM
Dinner
7:00 PM
Keynote Speaker
8:00 PM
Coffee, Cordials and
Conversation

Locations:
All receptions, meals, featured speakers, poster session and panel discussion will take place in the North
and South Ballrooms, Purdue Memorial Union.
†Registration
‡Best
§All
⊕

will take place in Room 118, Purdue Memorial Union.

Practices Showcase presentations will take place on the 2nd floor of Stewart Center.

concurrent session presentations will take place on the 3rd floor of Stewart Center.

We will gather for the tours in the hallway outside the North Ballroom at 11:45 AM.
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Opening Address Speaker
Monday, October 10, 2011
7:45 p.m.

North Ballroom, Purdue Memorial Union

Robert B. Barr, Ph.D.

Author, Learning Paradigm, Institutional Research and Business Intelligence Consultant
Dr. Robert B. Barr is a nationally recognized leader, author, institutional
researcher and planner in higher education. During the past thirty-five years, Dr.
Barr has served as the institutional research and planning director for three
universities, for Palomar College, a 26,000 student community college in San
Marcos, California and most recently, for the Foothill-De Anza Community
College District comprised of two colleges enrolling more than 47,000 students.
Since joining the California community colleges 24 years ago, Dr. Barr has been a
state educational leader serving on many statewide community college
commissions, committees, and projects.
Dr. Barr rose to national prominence as a result of creating, writing, and speaking about the Learning
Paradigm. He realized that the traditional way the college and university mission was framed implied
organizational structures, cultural norms, and practices that seriously inhibit the search for and
implementation of innovative methods and organizational forms for improving student learning and
success. This alternative framing of the college mission became the foundation for his development of
the contrast between the traditional Instruction Paradigm that has been governing college organization
and practice for perhaps hundreds of years and a new Learning Paradigm. Dr. Barr wrote several
articles for California publications in 1993 and then, with former Palomar colleague, kindred spirit, and
English professor, John Tagg, the 1995 Change magazine article, "From Teaching to Learning: A New
Paradigm for Undergraduate Education." National leaders recognize this article as perhaps the most
influential article in higher education of the past several decades.
Dr. Barr received his bachelor's degree (physics) from the University of Detroit, his master's degree
(philosophy) from Wayne State University, and his Ph.D. (higher education) from the University of
Michigan.
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Featured Speaker
Tuesday, October 11, 2011
8:15 a.m.

North Ballroom, Purdue Memorial Union

Joan Ferrini-Mundy, Ph.D.

Assistant Director
Directorate for Education and Human Resources, National Science Foundation
Dr. Joan Ferrini-Mundy was appointed as Assistant Director of the National
Science Foundation (NSF) for Education and Human Resources (EHR) on
February 24, 2011. She had been serving in that position on an acting basis for
the last year. In 2009 she served as Acting Executive Officer for the EHR
Directorate, and from January 2007 through December 2009 was Director of
EHR’s Division of Research on Learning in Formal and Informal Settings (DRL).
In connection with her responsibilities as a member of NSF senior management,
Dr. Ferrini-Mundy serves as STEM workforce development goal leader for the White House Office of
Management and Budget’s High Priority Performance Goal initiative. From 2007 through January 2011,
she was a member of the National Science and Technology Council’s Subcommittee on Education of the
Committee on Science. Dr. Ferrini-Mundy is currently a member of the Mathematics Expert Group of the
Programme for International Student Assessment (PISA) commissioned by the Organisation for
Economic Cooperation and Development (OECD). In 2007-2008, representing NSF, she served as an ex
officio member of the President’s National Mathematics Advisory Panel, and co-chaired its
Instructional Practices Task Group.
While at NSF, Dr. Ferrini-Mundy has held appointments at Michigan State University (MSU) as a
University Distinguished Professor of Mathematics Education in the Departments of Mathematics and
Teacher Education. She served as Associate Dean for Science and Mathematics Education in the
College of Natural Science at MSU from 1999-2006. She served as Director of the Mathematical
Sciences Education Board and Associate Executive Director of the Center for Science, Mathematics,
and Engineering Education at the National Research Council from 1995-1999.
She has served on the Board of Directors of the National Council of Teachers of Mathematics (NCTM),
chaired the Writing Group for NCTM’s 2000 Principles and Standards for School Mathematics, and
served on the Board of Governors of the Mathematical Association of America. Ferrini-Mundy holds a
PhD in mathematics education from the University of New Hampshire; her research interests include
calculus teaching and learning, mathematics teacher learning, and mathematics and science
education policy.
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Featured Speaker
Tuesday, October 11, 2011
12:40 p.m.

North Ballroom, Purdue Memorial Union

Martin Storksdieck, Ph.D.

Director
Board on Science Education, The National Academies/ National Research Council
Martin Storksdieck is the director of the Board on Science Education at the
National Academy of Sciences/National Research Council where he oversees
studies that address a wide range of issues related to science education (e.g.,
climate change education, science learning from games and simulations,
developing a conceptual framework for new science education standards,
discipline-based education research). Martin also serves as a research fellow at
the not-for-profit Institute for Learning Innovation, where he is involved in
research on science learning in immersive environments; models of involving
researchers and scientists in science museums and science centers; and
understanding the impact of science hobbyists, such as amateur astronomers, on the public
understanding of science. His areas of interest include factors that influence what and how we learn
when we do so voluntarily and how this "learning" is connected to our behaviors, identities and beliefs;
the role of personal and perceptual filters in science learning, particularly of controversial topics such
as climate change or evolution; and how schools and out-of-school learning can be mutually enhancing
in creating and sustaining lifelong interest in (science) learning. He holds a Masters in Biology from the
Albert-Ludwigs University (Freiburg, Germany), a Masters in Public Administration from Harvard
University, and a Ph.D. in education from Leuphana University (Lüneburg, Germany).
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Keynote Speaker
Tuesday, October 11, 2011
7:00 p.m.

North Ballroom, Purdue Memorial Union

Carl E. Wieman, Ph.D.

Nobel Laureate and Associate Director for Science
The White House Office of Science and Technology Policy
Dr. Carl Wieman was confirmed by the United States Senate to serve as the
Associate Director for Science at the White House Office of Science and
Technology Policy in September 2010. Dr. Wieman previously divided his time
between the University of British Columbia and the University of Colorado. At
each institution, he served as both the Director of Collaborative Science
Education Initiatives aimed at achieving widespread improvement in
undergraduate science education and as a Professor of Physics.
From 1984 through 2006, he was a Distinguished Professor of Physics and
Presidential Teaching Scholar at the University of Colorado. While at the University of Colorado, he was
a Fellow of JILA (a joint federal-university institute for interdisciplinary research in the physical
sciences) and he served as the Chair of JILA from 1993-95. Dr. Wieman has conducted extensive
research in atomic and laser physics. His research has been recognized with numerous awards
including sharing the Nobel Prize in Physics in 2001 for the creation of a new form of matter known as
“Bose-Einstein condensation”.
Dr. Wieman has also worked extensively on research and innovations for improving science education;
he was the founding Chair of the National Academy of Sciences Board on Science Education. He has
received numerous awards, including the National Science Foundation’s Distinguished Teaching
Scholar Award (2001), the Carnegie Foundation’s U.S. University Professor of the Year Award (2004),
and the American Association of Physics Teachers’ Oersted Medal (2007) for his work on science
education. Dr. Wieman received his B.S. in Physics from the Massachusetts Institute of Technology in
1973 and his Ph.D. from Stanford University in 1977.
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University Leaders Panel
Wednesday, October 12, 2011
8:15 a.m.

North Ballroom, Purdue Memorial Union

Panel of University leaders - How to Lead and Facilitate institutional Change
Moderator:

A. Dale Whittaker, PhD, Vice Provost for Undergraduate Academic Affairs, Purdue University

Panel Members:

Daniel Hastings, PhD, Dean for Undergraduate Education, Massachusetts Institute of
Technology
Moses Lee, PhD, Dean of Natural and Applied Sciences, Hope College, Michigan
Michael McManus, PhD, Dean of Academic Programs, University of Queensland, Australia
Robert McMaster, PhD, Vice Provost and Dean for Undergraduate Education, University of
Minnesota
John Squires, Department Head, Mathematics, Chattanooga State Community College
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Monday Schedule of Events
October 10, 2011

5:00 p.m.

Registration
Room 118, Purdue Memorial Union
Reception
North Ballroom, Purdue Memorial Union

6:30 p.m.

Best Practices showcase
Stewart Center, 218 ABC

7:45 p.m.

Opening Address: Robert B. Barr, PhD
Learning Paradigm, Institutional Research, & Business Intelligence
Consultant
North Ballroom, Purdue Memorial Union
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Best Practices Showcase
Monday, October 10, 2011
6:30 p.m. – 7:30 p.m.

Stewart Center 2nd floor

Learning Spaces Research Pilot Program
Room 218 A
Tracy Fouchea, Herman Miller, Inc
Jeff Vredevoogd, Herman Miller, Inc

Transforming Education from the Perspective
of the NSF TUES Program
Room 218 B
Don Millard, National Science Foundation
Myles Boylan, National Science Foundation
Susan Finger, National Science Foundation
Richard Peterson, National Science Foundation
Russell Pimmel, National Science Foundation
Terry Woodin, National Science Foundation

Meeting Next Generation Learning Challenges:
Ohio’s Scaffold to the Stars and e‐Analytics for Student
Success at the Iowa Community College Online Consortium
Room 218 C
Nancy Millichap, Educause
Stephen R. Acker, The Ohio State University
Stephen Rheinschmidt, Iowa Community College Online Consortium
Corrie Bergeron, Blackboard System Designer & Project Manager
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Best Practices Showcase
Learning Spaces Research Pilot Program
Tracy Fouchea, Herman Miller, Inc.; Jeff Vredevoogd, Herman Miller, Inc.
Since 2007, Herman Miller has partnered with over 20 schools in a research effort called the
Learning Spaces Research Program. The program seeks to provide higher education
institutions with adaptable learning spaces that foster support for students with diverse
learning styles and faculty with emerging pedagogies. The Learning Spaces Research Program
encourages experimentation with new ideas by transforming traditional out-dated classrooms
into learning spaces full of opportunity. Throughout the term of the program, students and
faculty are encouraged to change the room around in order to meet their needs. Through a
series of research methodologies, the program captures data around the student and faculty
experiences in these new learning space.
During the past five years, pre and post occupancy data has been captured for these
classrooms. Through a research process conducted at these 20 schools, 3,000 students and
50+ faculty have been surveyed through a standardized process. All responses indicated that
the physical space has an impact on learning.
By looking at individual response patterns of student survey takers, student types were
identified, comprised of 3 groups. The net change was 18% in positive movement from the
baseline to the post survey.
This longitudinal study provides insight into what contributes to a successful learning space
with before and after findings based on individual school index scores and findings. This
session will focus on a summary report from the 20 schools and share findings to date.
Included in the discussion: • Before and after images • Data report summary findings • Q+A •
Polling of participants. Included in our fall 2011 participating schools is a charter STEM
classroom at Southern Illinois University Edwardsville, a future case study in the making, and
more to follow as the semester progresses. This program in the news: Chief Learning Officer
Magazine July 15, 2011 Getting the Most Out of Your Learning Space.
http://clomedia.com/articles/view/4446
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Transforming Education from the Perspective of the NSF TUES Program
Don Millard, NSF; Myles Boylan, NSF; Susan Finger, NSF; Richard Peterson, NSF; Russell
Pimmel, NSF; Terry Woodin, NSF
Recently the Division of Undergraduate Education at NSF changed the name of its core
program from the Course, Curriculum, and Laboratory Improvement (CCLI) program to the
Transforming Undergraduate Education in Science, Technology, Engineering, and
Mathematics (TUES) program in order to emphasize a special interest in projects that have the
potential to transform undergraduate education. In an effort to provide context for this new
emphasis, the Program revised the program-specific review criteria in the new solicitation by
adding the following questions:
• Will the project produce exemplary material, processes, or models that enhance
student learning and can be adapted easily by other sites?
• Are the plans for institutionalizing the approach at the investigator's college or
university appropriate?
• Does the project involve a significant effort to facilitate adaptation at other sites?
• Does the project have the potential to contribute to a paradigm shift in undergraduate
STEM education?
This change has produced some confusion in the community about what is a transformative
project, how does a project cause transformation, and what does transformation mean in
general. Certainly having an innovative, clever idea that addresses an important need or
opportunity along with a well thought-out implementation plan are critical elements of a
transformative project, but this is somewhat incomplete because these characteristics were
expected under the old CCLI Program. Thus there needs to be some aspects of the project that
are directed at more permanent and far-reaching effects.
Understanding these issues in the context of the TUES Program is best done by examining the
added questions in the redefined review criteria listed above. In this context transformative
projects include strategies to ensure that the project’s products can be adapted or adapted
easily by others, that they will continue to be used on the investigators’ campus after funding
ends, and that they will be promoted to others. Certainly these strategies will vary with the
nature of the project, the level of effort and funding, and the stage of the project’s
development (i. e., whether it is a Type 1, 2, or 3 project). The presentation will engage the
audience in a discussion of these strategies for different kinds of projects and present the
views of a group of NSF program directors.
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Meeting Next Generation Learning Challenges: Ohio's Scaffold to the Stars and eAnalytics for Student Success at the Iowa Community College Online Consortium
Nancy Millichap, Program Officer, Next Generation Learning Challenges, Educause; Stephen
Acker, Research Director, Ohio Digital Bookshelf- OhioLINK/The Ohio Board of Regents;
Stephen Rheinschmidt, Director, Iowa Community College Online Consortium; Corrie Bergeron,
Blackboard System Designer and Project Manager
The Next Generation Learning Challenges initiative of EDUCAUSE, with support from the Gates
and Hewlett Foundations, is a collaborative, multi-year grant program aimed at dramatically
increasing college readiness and completion through applied technology, especially for lowincome and minority students, who face particular challenges in achieving their educational
goals. Partnering with EDUCAUSE in the initiative are the League for Innovation in the
Community College, the International Association for K-12 Online Learning (iNACOL), and the
Council of Chief State School Officers (CCSSO). Launched in October 2010, the program is
issuing multiple funding waves. Key goals of the initiative extend beyond investment of
financial resources to building community among the project implementers, supporting the
dissemination of information about their work to make it better known in the wider reform
landscape, and enabling others to learn about and consider adoption of these promising
innovations. The presentation will share implementation strategies from four diverse Wave I
projects with common, as well as differentiated, challenges to building community, serving
students, and gathering meaningful research outcomes.
Next Generation Learning Challenges’ first wave targeted postsecondary education and
sought solutions that had already been implemented on at least one campus and that showed
promise for wider scale in four challenge areas: deployment of open core courseware, scaling
of blended learning programs, encouragement of deeper learner engagement, and
mobilization of learning analytics. Six hundred proposals were received in this wave. They
were reviewed first by volunteer reviewers solicited by Educause and then by experts in the
field of next-generation learning. In April of this year, twenty-nine proposals were ultimately
selected for funding and are now moving forward on an ambitious fifteen-month timetable. In
this panel and in sessions that will take place later in the conference, participants will learn
about the concepts and their realization to date from the principal investigators of four of the
Wave I projects, which together have as partners twelve institutions distributed nationally. All
four projects involve transforming STEM education via the use of applied technologies: they
address primarily implementation, design, and cultural change and also emphasize the role of
inter-institutional collaboration in the scaling of innovative solutions.
Tonight’s session will include an introduction and framing of the initiative’s goals by a Next
Generation Learning Challenges program officer. Principal investigators and a project leader
from projects among community colleges, in Ohio and in Iowa, will discuss their progress,
including successes and lessons learned to date.
Ohio's Scaffold to the Stars: Open Educational Resources for Math and Applied Engineering, is a
project of OhioLink, a consortium of 88 Ohio colleges and universities, and the State Library of
Ohio, and six Ohio community colleges representing urban, suburban, and rural parts of the
state. The project’s collaborators, who include faculty authors, instructional designers, and
experts in the development and implementation of robust digital repositories, are working to
scale promising open education resource development projects in the areas of college algebra
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and statics, a branch of mechanics that is studied in the applied engineering program. The
project is designed to help students succeed in developmental and credit bearing
mathematics, the coursework most related to lack of persistence and retention in Ohio’s
community colleges, and in applied engineering courses. The core elements are: (1) a rich,
multimedia open educational resource set (2) used within concept mastery courses (math)
and usable in linked applied learning courses (engineering), and (3) delivered with continuous
feedback and community support as modeled in the Open Learning Initiative
(http://oli.web.cmu.edu/openlearning/). A principal goal is to further enrich this multimedia
resource, assure its accessibility, and increase its adoption in other colleges and universities.
eAnalytics -- ICCOC Best Practices in Using Learner Analytics to Enhance Student Success is a project
of the seven community colleges of the Iowa Community College Online Consortium (ICCOC).
These institutions have been using commonly available learner analytics to improve
instruction and student learning outcomes and have increased course completion by 9% over
the past five years. Their project includes two components: (1) documenting their successful
practices in using analytics for the benefit of those at other campuses who wish to start
implementing processes of their own and (2) investigating ways in which improvements in
communication between student services and instructors can be used to improve student
retention and success in gatekeeper courses.
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Opening Address Speaker
Monday, October 10, 2011
7:45 p.m.

North Ballroom, Purdue Memorial Union

The Learning Paradigm and Its Radical Implications
Robert B. Barr, Ph.D.
Learning Paradigm, Institutional Research, & Business Intelligence Consultant
Former Executive Director, Institutional Research & Planning
Foothill-De Anza Community College District, Los Altos Hills, California

The Learning Paradigm says that the purpose of colleges is to produce student learning. This
may seem obvious but historically, in fact, colleges have operated under a different purpose.
The shift to learning as our purpose changes everything. In fact, this new purpose calls for a
paradigm shift which requires us to do virtually the opposite of everything we currently do if
we desire to produce greater student learning and success. In order to do this substantial
structural changes are required. This talk will describe the Learning Paradigm, explore its
implications for change, especially structural changes, and suggest some ways we might
overcome the challenges to making these transformational changes.

Sponsored by the Global Policy Research Institute
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Tuesday Schedule of Events
October 11, 2011

7:15 a.m.

Breakfast, North Ballroom, Purdue Memorial Union
Registration, Room 118, Purdue Memorial Union

8:15 a.m.

Featured Speaker: Joan Ferrini-Mundy, Assistant Director
Directorate for Education and Human Resources National Science
Foundation, North Ballroom, Purdue Memorial Union

9:30 a.m.

Concurrent Sessions, Stewart Center, 3rd floor

12:00 p.m.

Lunch, North Ballroom, Purdue Memorial Union

12:40 p.m.

Featured Speaker: Martin Storksdieck, Director
Board on Science Education, National Academy of Sciences / National
Research Council, North Ballroom, Purdue Memorial Union

1:40 p.m.

Concurrent Sessions, Stewart Center, 3rd floor

4:15 p.m.

Poster Session, Herman Miller Hub/South Ballroom

5:30 p.m.

Reception, North Ballroom, Purdue Memorial Union

6:15 p.m.

Dinner, North Ballroom, Purdue Memorial Union

7:00 p.m.

Keynote Speaker: Carl Wieman, Associate Director for Science, The White
House Office of Science and Technology Policy, North Ballroom, Purdue
Memorial Union

8:00 p.m.

Coffee, cordials and conversation, Herman Miller Hub/South Ballroom

19

TUESDAY

Featured Speaker
Tuesday, October 11, 2011
8:15 a.m.

North Ballroom, Purdue Memorial Union

Theories of Action for STEM Education:
The Role of the National Science Foundation Investments
in STEM Learning and Higher Education
Joan Ferrini-Mundy, Ph.D.
Assistant Director,
National Science Foundation,
Directorate for Education and Human Resources

What is the most strategic approach for a federal funding agency in shaping investment
programs to improve STEM teaching and learning? NSF’s Directorate for Education and
Human Resources is focused increasingly on its role within the Foundation and in
coordination with other agencies in supporting a coherent research and development base for
the improvement of STEM learning at all levels and for the development of the STEM
workforce. I will discuss what we are learning from the portfolios of several NSF funding
programs, and offer suggestions about the most pressing challenges in STEM higher
education that NSF principal investigators might choose to pursue. We need lines of research
that accumulate to inform the role of STEM instructional practice and institutional context on
student outcomes such as persistence and learning; deeper understanding of what it takes to
move effective practices to scale; and increased focus learning from models and innovations
in broadening participation in STEM at the undergraduate level. Finally, I will explore the
possibilities of making emerging science and changing scientific practice central as a tool for
engaging and inspiring more students in STEM.
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Tuesday, October 11, 2011
9:30 a.m. - 11:35 a.m.
Stewart Center, 3 rd floor

9:30 a.m.

Engineering Education
Session A, Room 311
Chair: Brenda Capobianco
Purdue University

Working Across Institutions
Session B, Room 318
Chair: Kelly Matthews
University of Queensland

Researching Innovation-A
Session B: Room 320
Chair: Lisa Lockwood
Brooks/Cole Cengage Learning

A1: The Complexities of
Transforming Engineering
Higher Education

C1: The Power of Choice:
Making Unpopular Courses
Better using
Empowered Assessment

Ann McKenna
Arizona State University

B1: A Multi‐Site
Implementation
of Inquire‐Based Learning
in College Mathematics:
Classroom Outcomes and
Lessons about Reform

Jeffrey Froyd
Texas A&M University

Sandra Laursen
University of Colorado

Susan Rowland
Ian Wood
University of Queensland
Australia

A2: Connecting the First
Year Experience and a
Living Learning Program
on a Large Scale

B2: Changing Practice
towards Inquiry‐ Oriented
Learning: What Role(s) Can
an External Agent Play?

C2: A First Course in
Nanoscience

Carmellia Davis‐King

Les Kirkup
University of Technology
Sydney, Australia

Anna‐Leena Latvala
Janne Ihalainen
Anssi Lindell
Jouni Viiri
University of Jyväskylä.Finland

C. Judson King
University of CA, Berkeley
Thomas Litzinger
Penn State University
Elaine Seymour
University of Colorado
Norman Fortenberry
ASEE
10:15 a.m.

Thomas F. Wolff
Timothy Hinds
Neeraj Buch
Michigan State University

21

TUESDAY

11:00 a.m.

A3: Learning by Design:
The EPICS Model of
Service‐Learning Design
Education
William Oakes
Carla Zoltowski
Purdue University

B3: IUPUI Central Indiana
STEM Talent Expansion
Program (CI‐STEP): A
Systemic Approach to
Increasing Undergraduate
Success in STEM

C3: NEXUS:Competency‐
Based Introductory
Undergraduate
Science Preparation of
Future Health Professionals
and Student in the Biological
Sciences

Kathleen Marrs
Jeff Watt
Mariah Judd
Charlie Feldhaus
Stephen Hundley
Andy Gavrin
Indiana University‐Purdue
University, Indianapolis

Marc Loudon
Purdue University
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Concurrent Sessions
Session A: Engineering Education, Room 311
Session Chair: Brenda Capobianco, Purdue University
A1: The Complexities of Transforming Engineering Higher Education
Ann McKenna, Arizona State University; Jeffrey Froyd, Texas A&M University; Judson C. King,
University of CA at Berkeley; Thomas Litzinger, Penn State University; Elaine Seymour,
University of CO; Norman Fortenberry, ASEE
Governmental, corporate and non-profit organizations have been calling for transformational
change in science, technology, engineering and mathematics (STEM) education in the U.S. for
many years (e.g., Boyer, 1990; Boyer Commission on Educating Undergraduates in the
Research University, 1998; Cicerone, et al., 2010; Jamieson & Lohmann, 2009; National
Research Council, 1999b, 2003a, 2003b, 2007, 2010; National Science Board, 1996; National
Science Foundation, 1996). As a result, a number of Federal agencies as well as corporate
foundations have invested significant resources in an effort to improve teaching and learning
in STEM disciplines. The continuing calls for STEM transformation suggest several
assumptions: 1) previous investments have not resulted in the desired level of change, 2)
educators in the STEM community share the same level of agreement that change is
necessary, 3) educators in the STEM community share a common vision for what needs to be
changed, and 4) mechanisms for educational transformation are well-known and are
straightforward to implement. Several recent reports have addressed these assumptions and
raised questions about how transformation might effectively occur within an education
system (e.g., Dancy & Henderson, 2008; DeHaan, 2005; Fairweather, 2010; Zemsky, 2009).
Consistent with recent calls for transformation and in recognition of the need for new
approaches to facilitating widespread adoption of more effective approaches to teaching and
learning in STEM fields, the Division of Undergraduate Education (DUE) at the National
Science Foundation (NSF) recently changed the name of the Course, Curriculum and
Laboratory Improvement (CCLI) program to Transforming Undergraduate Education in
Science, Technology, Engineering, and Mathematics (TUES). The revised program places
greater emphasis on projects that have potential to transform undergraduate STEM
education. Accordingly, program review criteria were modified; specifically, two additional
criteria were added: (1) propose materials, processes, or models that have the potential to
enhance student learning and to be adapted easily by other sites and (2) involve a significant
effort to facilitate adaptation at other sites (NSF solicitation 10-544). In response to changes
represented in the new TUES program, and in recognition of the fact that facilitating
adaptation of materials in an effort to promote transformative change is very challenging, DUE
funded a project to bring together practitioners and scholars to help articulate issues involved
in transforming undergraduate education in STEM. The project, led by the National Academy
of Engineering’s Center for the Advancement of Scholarship in Engineering Education,
included a forum that was held on February 7-8, 2011. It was attended by an invited group of
change management scholars, STEM educators, engineering education researchers and
administrators, social science researchers, and evaluation experts. This diverse group of
participants discussed the complexities of transformation within the setting of higher
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education in general, and within engineering education in particular. Our presentation will
summarize the forum discussions that focused on the following questions: • What is the
system in which transformative change must occur? • What are the goals, priorities and
expected time frame for educational transformation? • How does engineering education
change occur? • What research is needed to understand pathways for transformation within
engineering education?

24

TUESDAY

A2: Connecting the First Year Experience and a Living Learning Program on a Large Scale
Carmellia King-Davis, Michigan State University; Thomas F. Wolff, Michigan State University;
Timothy Hinds, Michigan State University; Neeraj Buch, Michigan State University
In 2005, The College of Engineering at Michigan State University embarked on a bold initiative
to increase the academic, professional and social engagement of early engineering students.
This has had two primary components: • The Cornerstone Engineering program provides a
pair of courses that are now engaging approximately 1000 first year students in hands-on,
team-based design projects. • The Engineering Residential Experience provides a livinglearning community and co-curricular programming that will engage over 500 students in the
coming year. These two components are co-located in a common residence hall where the
college also provides walk-in academic advising, computer labs, tutoring, external speakers,
social activities and other programming aimed at both professional and social development.
Finally, the initiative is now bringing on corporate support connected to themes drawn from
the National Academy of Engineering’s “Grand Challenges.” The presentation will discuss the
development of the combined initiative starting with planning in the period 2006-08, piloting
of the cornerstone courses in 2008-09, launching of the residential experience in 2009, and
quality improvement of the program throughout that period.
The development of such a large-impact set of programs required significant coordination and
socialization with college faculty, university academic administration, university housing
administration, and corporate interests. The combination of linked initiatives has not only
transformed the educational experience of first year engineering students, it has also yielded
effective strategies used to assist students in their transition to higher education. By offering
both academic and co-curricular experiences for students, this combination provides a more
well-balanced approach addressing the needs of the whole student. The curricular component
of the engineering program consists of two introductory courses. The first, Introduction to
Engineering Design, provides early team-based hands-on design experiences and an
introduction to topics common to all engineering disciplines (innovation, the design process,
teamwork, communication skills, etc). It derives from the recommendations of the “Engineer of
2020” reports (1,2). There has been significant and continuing evolution of the course content,
which will be described in the presentation. The second course, Introduction to Engineering
Analysis, introduces problem solving and mathematical modeling of engineering problems and
systems. While focusing more on individual proficiency, it again uses small group projects to
reinforce team skills. Much of the Cornerstone Engineering program was originally derived from
common themes contained within first-year courses previously offered by our six individual
engineering departments and nine engineering degree programs. Results show that these two
courses have made students more academically prepared.
The co-curricular Engineering Residential Experience (ERE) is a comprehensive living-learning
program that involves providing student-focused programming and supplemental
instructional services in an effort to increase the retention rates of first year engineering
students. Living-learning communities have been widely studied in the student affairs
literature (e.g. 3,4,5,6,7) and Michigan State has had significant experience with them,
including an earlier, much smaller and more limited program in Engineering (8). The
development of the Residential Experience included much more than just the physical housing
of first-year engineering students in a single residence hall. A unique facet of the residential
program is how it supplements the academic courses. Students gain valuable knowledge
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outside the classroom by having exposure to current topics through speakers, dinners, lab
tours, and cross disciplinary interactions with students outside of their majors. The cocurricular programming introduces participants to their engineering major of choice, the
engineering profession, engineering careers and academic advising. From a professional
developmental focus, students learn concepts of leadership and professional growth through
peer mentoring and co-curricular programming. Co-curricular programming also includes
corporate site visits, corporate-sponsored speaker events, informal engineering faculty and
alumni dinners, and community service activities. Premier corporate partners are afforded the
opportunity to develop sponsored “themed floors” and common spaces in the residence hall
related to the NAE Grand Challenges. Currently sponsored themes are energy and
transportation; conversations are underway for sponsorships around topics such as health,
security, sustainability, water, and the environment. Further, these events partner with other
academic programs such as the College of Business and the Honors College through purposeful
and collaborative co-curricular planning. The success of the residential experience is due in part
to the dedication of the co-curricular staff. Students volunteer to participate in this engineering
residential experience program. Members of this community form bonds by their academic
major preferences and career paths. Co-curricular opportunities are created to assist
residential participants in experiencing engineering as it exists today and encourages them to
think conceptually about how the profession can be built upon by their individual contributions.
Through various interactions with corporate sponsors, engineering faculty members,
professional student affairs practitioners and current engineers, students are consistently
presented with opportunities to enhance their communications and analytical thinking skills.
Students in the program develop a strong sense of community, especially within their major and
through their late-night project work in the engineering computer labs located in the residential
setting. By co-locating the Cornerstone Engineering Program and the Engineering Residential
Experience with the many other facilities and programmatic offerings mentioned, the sense of
community has been raised to new levels for early engineering students in terms of quantity and
quality of experiences.
Key outcomes of the initiative include the following: • Students are declaring and committing
to their majors earlier in their college careers • Students are focused on professional
development earlier than before with clearly defined career exploration strategies • Students
are developing an early understanding of the challenges facing engineers in the new century •
Increased utilization of tutorial services • Increasing utilization of academic advising services •
Increased interests and involvement in student organizations • The potential to increase
student retention and acceptance into the upper college
Bibliography 1. “The Engineer of 2020: Visions of Engineering in the New Century,” National Academy of Engineering, National
Academies Press, 2004. 2. “Educating the Engineering of 2020: Adapting Engineering Education to the New Century,” National
Academy of Engineering, National Academies Press, 2005. 3. “Living-Learning Centers: Offering College Students an Enhanced
College Experience,” Journal of College and University Student Housing, 1994, J. Arminio. 4. “Residence Arrangement,
Student/Faculty Relationships, and Freshman-Year Educational Outcomes,” Journal of College Student Personnel, 1981, E.
Pascarella and P. Terenzini. 5. “Different by Design: An Examination of Outcomes Associated with Three Types of Living-Learning
Programs,” Journal of College Student Development, 2003, K. Inkelas and J. Weisman. 6. “The Impact of College Residence on the
Development of Critical Thinking Skills in College Freshmen,” Journal of College Student Development, 1998, P. Inman and E.
Pascarella. 7. “The Effects of Residential Learning Communities and Traditional Residential Living Arrangements on Educational
Gains During the First Year of College,” Journal of College Student Development, 1999, G. Pike. 8. “The ROSES Program at
Michigan State University: History and Assessment,” American Society for Engineering Education, National Conference; 2001, R.
Zmich and T. Wolff.
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A3: Learning by Design: The EPICS Model of Service-Learning Design Education
William Oakes, Purdue University; Carla Zoltowski, Purdue University
Today’s undergraduates face a global work place that presents a multitude of both
opportunities and challenges. Technology has connected people around the globe, opened
markets and presented opportunities to address a wide range of human needs. This
connectivity and mobility has also created global competition that puts pressure on graduates
to quickly master a broader set of skills, within and outside their traditional disciplines. To
thrive in this environment, they have to work with people of different backgrounds,
nationalities and disciplines, some of whom they will never meet. They will employ technology
not yet invented to develop new products and address human needs across the globe. They
will be asked to apply their skills across this diverse set of contexts and applications that
require them to rapidly learn new skills that may be outside of their traditional disciplines. To
capitalize on the opportunities and equip graduates to meet these challenges, new
approaches to undergraduate education are needed. Traditional classrooms and methods are
not efficient ways to develop these broader skills.
One successful approach is Purdue University’s EPICS Program where the local community is
engaged in the undergraduate curriculum through service-learning. EPICS is a series of design
classes where undergraduates design, develop, deploy and support solutions to compelling
needs within the local and global community. EPICS places students in the role of leaders,
who drive the development of the designs, negotiate with the community partners and
manage their fellow classmates. Faculty members serve as advisors or coaches who guide
and mentor students through the design process and capitalize on learning opportunities as
they are presented during the development of the designs. EPICS is engineering-centered with
all of the designs applying technology to address the community needs, but it is also very
multidisciplinary, with more than 70 majors among the 600+ students taking the courses this
past year. Students apply their individual disciplinary skills and life experiences to the
community-based designs as they develop their own set of professional and disciplinary
skills. EPICS is also vertically integrated with a mix of first-year students, sophomores, juniors
and seniors and students are allowed to take the classes for multiple semesters, up to all four
years. The vertical integration puts upper division students in the position of leaders as they
mentor the lower division students. Lower division students continue with the class and rise
up to assume leadership positions.
The broad diversity of students and projects presents many challenges but creates a rich
learning environment. To manage the diversity, curricular systems have been developed to
guide and assess both team and individual learning and accomplishments. Each design team
develops a project plan and is accountable to meet their commitments. Each student
develops a set of customized learning goals with their faculty advisor for the semester based
on their role within the team, their discipline and their expertise . Students are assessed on
demonstration of learning and accomplishments as defined by their goals.
The presentation will provide an overview of the Purdue EPICS Program, the development and
approaches to curriculum and assessment within the broadly multidisciplinary, servicelearning design teams over the 16 years of the program. The discussion will include the growth
and development from the original 40 students to almost 400 per semester and the changes
necessitated by the expansion of size and scope. Data will be summarized showing students
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reporting improvement on professional skills including teamwork, leadership and
communication. Students report their participation increases their desire to stay in a STEM
field. Development of design skills, professional skills, ethics and moral reasoning, crossdisciplinary learning and critical thinking will also be discussed with examples from each area.
EPICS is an innovation that has been disseminated to more than 20 other universities and 47
high schools. Lessons learned during the dissemination will be summarized, including
approaches to faculty and teacher development and institutional challenges to curricular
changes.
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Session B: Working Across Institutions, Room 318
Session Chair: Kelly Matthews, University of Queensland
B1:

A Multi-Site Implementation of Inquiry-Based Learning in College Mathematics:
Classroom Outcomes and Lessons about Reform
Sandra Laursen, University of Colorado Boulder

A comprehensive, multi-method study of inquiry-based learning (IBL) in college mathematics
sheds light on the outcomes and processes of college STEM education reform. The data come
from a study of IBL as implemented in four research university departments that hosted IBL
Mathematics Centers sponsored by the Educational Advancement Foundation (EAF). These
implementations drew primarily on collegially shared traditions of socratic teaching based on
the practices of late mathematician R. L. Moore, rather than on the research literature in the
learning sciences. However, their practices as observed were largely consistent with modern,
research-based approaches to active and collaborative learning. Each campus independently
selected and developed its own set of IBL courses, yielding a range of courses targeted to
audiences from first-year to senior level, and to mathematics majors, mixed STEM majors, or
pre-service K-12 teachers. Campuses also offered varying forms and levels of professional
development and support to instructors new to IBL—most often, informal mentoring and
collegial conversation. Thus the study documents a real-world reform experiment that is likely
to share features of variability, fidelity, and professional development with other reform
efforts as they are taken up by later generations of instructors beyond the original reformers.
The study used an observational design to accommodate realistically variable
implementations of inquiry-based pedagogy and high diversity in course content and student
audiences. On pre- and post-surveys, students reported on their attitudes, beliefs, and
approaches to learning mathematics, and (post-course) self-assessed their learning gains.
Classroom observation protocols focused on the use of class time, classroom atmosphere,
interactions, and question-asking behaviors. Interviews with students and instructors
provided detailed accounts of IBL teaching and learning processes and captured the insights
and challenges that instructors encountered. We also examined students’ grades and coursetaking patterns after an IBL (or comparative) course and gave tests in a few courses. In some
cases, comparative data could be obtained from non-IBL sections of the same courses.
Altogether, the data include some 300 hours of classroom observation, 1100 surveys, 220
tests, 3200 academic transcripts, and 110 interviews with students, faculty, and graduate
teaching assistants, gathered from over 100 course sections across two academic years—a
scale matched by few empirical studies of student-centered instruction in college
mathematics.
Our data document that the reformed courses indeed differed from standard course
offerings. During IBL classes, students gave and listened to student presentations, worked in
small groups, and discussed ideas that arose from these experiences. On average, over 60% of
IBL class time was spent on such student-centered activities, while students in non-IBL
courses spent 87% of class time listening to their instructor talk. Among IBL courses, there
was substantial variation in the extent and nature of student-centered activity—for example,
in the use of whole-class discussion vs. structured small-group work—as well as in instructor
skill at executing these methods. Yet overall the IBL courses offered students quite different
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experiences from typical lecture-based courses, featuring: • learning goals and classroom
activities focused on problem-solving • a curriculum driven by a carefully constructed
sequence of problems or proofs • class time used for active and collaborative work, with
frequent change of activities and students taking leadership roles • instructors who framed
and guided student work rather than delivering information. Student learning also improved in
the reformed courses. On surveys and interviews, IBL students reported higher learning gains
than their non-IBL peers across multiple areas: cognitive gains, including understanding of
mathematical concepts and improved thinking and problem-solving skills; affective gains,
including confidence, positive attitude, and persistence; and social gains, including
collaboration and comfort in teaching mathematical ideas to others. Students emphasized
learning deeply, remembering what they had learned, and gaining confidence to tackle
unfamiliar problems. Gains observed for pre-service teachers were highly relevant to their
needs for future K-12 teaching.
IBL methods particularly benefited two groups of students who are often underserved by
lecture-based math courses. In lecture-based courses, women reported lower learning and
confidence than their male peers, but in IBL courses their gains were equal to those of men.
Thus IBL methods appeared to level the playing field, enabling both men and women to
succeed. Among students with lower prior grades or test scores, IBL courses promoted greater
gains than for their higher-achieving peers. This was not the case in traditional courses.
Moreover, IBL low-achievers’ gains were sustained into subsequent courses, suggesting that
IBL experiences spurred lasting changes in students’ approaches to learning that they
continued to apply in later courses.
These student outcomes allow us to view the project as a successful medium-scale
experiment in reform. First, the consistency of student outcomes—despite the underlying
variety in course content, audience, and methods—demonstrates that teaching and learning
can in fact be improved on a substantial scale when student-centered methods are applied.
This is a necessary type of scale-up from “proof-of-concept” studies that demonstrate the
effectiveness of these instructional approaches in highly controlled but educationally
unrealistic conditions. Second, the number of students affected is nontrivial. Of 500
mathematics graduates at the four Centers each year, 20 to 60% had an IBL experience. At
two of the Centers, essentially all students preparing for elementary/middle school teaching
(~160/yr) had an IBL experience. Third, the project provided substantial professional
development, especially to early-career instructors who cited enhanced teaching skills and
career readiness. Over 85% planned to use IBL methods again. As they carry IBL approaches
to other institutions, these instructors are supported by a growing professional community
also built by the EAF. Our data also identify issues of spread and sustainability in scaling up
implementation of research-recommended practices. For example, the Centers’ heavy
reliance on early-career instructors to staff IBL courses aided national spread but posed a
challenge for local sustainability. Participation by senior faculty was generally low; a few
faculty champions spent considerable effort to recruit and mentor postdocs and graduate
students as IBL teachers. External funding was seen as essential to support the teamteaching approaches commonly used for instructor support. Thus the sustainability of these
efforts over time remains a significant question.
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B2:
Changing Practice towards Inquiry-Oriented Learning : What Role(s) can an
External Agent Play?
Les Kirkup, University of Technology, Sydney, Australia
Inquiry-oriented learning (IOL), in which students engage in scientifically oriented questions,
gather evidence and formulate explanations based on that evidence, better reflects the
processes adopted by scientists in their discipline-based research. Perhaps more
importantly, evidence has accumulated over several years of the effectiveness of inquiryoriented learning to enhance student engagement and learning in science (see for example,
Casotti et al. 2008). The question naturally emerges as to why so few science degree programs
in Australia have embedded such approaches in their curriculum. Elton (2003) recognised that
the dissemination of an innovation is an ‘exercise in change’ requiring understanding of
effective change strategies. Dissemination that is unidirectional, so characteristic of
conference presentations, peer-reviewed papers or information on websites, is unlikely to be
effective. Through an Australian Learning and Teaching Council (ALTC) National Teaching
Fellowship awarded to the author and which began in August 2011, several strategies are
being adopted to facilitate, and in some cases stimulate, change in Australian tertiary
institutions towards inquiry-oriented learning in science with a special focus on large first
year classes. As such, this presentation primarily addresses the issue of transformation of
practice in STEM education.
The strategies adopted include: 1. identifying, through national science networks those
Schools/Departments on the verge, or already in the process of, redeveloping their curriculum
to incorporate IOL and to work with those to assist in facilitating change where there is a
‘climate of readiness’ for curriculum change (Southwell at al. 2005); 2. running hands-on
workshops at institutions where participants are immersed in and critically examine IOL as a
pedagogy. Participants are given opportunities to adopt a student perspective by carrying out
an IOL activity, explore which scaffolding activities would best support student learning during
such an activity, and consider what professional development may be required to assist
teaching assistants/laboratory tutors to facilitate IOL; 3. working with national networks in
science in order to identify and share findings, through state and national workshops, of
experiences and expertise of IOL that have interdisciplinary value; 4. providing, through
competitively funded expressions of interest, a modest amount of money to seed the
development and trialling of IOL activities in up to 10 tertiary institutions across Australia. The
funds are effectively a ‘one line budget’ allowing recipients the flexibility to use the funds for
such purposes as conference registration, securing teaching relief, or support national or
international travel to symposia and conferences.
The fellowship program, which is of 12 months duration, is in its early stages. Strategies 1) to
4) are progressing, with several Schools across Australia on the verge of moving towards IOL
already integral to the fellowship program; a successful hands-on workshop run in a
metropolitan university in Queensland, and; the fellow’s direct involvement with a new
national network of university science educators. Eleven universities across all states and one
territory in Australia are directly involved in the fellowship program. As first year classes are
the focus of many of the initiatives, it is conservatively estimated that up to 3000 students per
annum across Australia will be directly impacted. Focusing on the value and potential of
strategy 4): Elton (2003) emphasized the probability of change and innovation in higher
education is enhanced when there is a confluence of top-down and bottom up pressure (top-
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down being facilitative and bottom-up being innovative). In addition, the involvement of an
external change agent able to offer small amounts of funding, but who also plays an active
role in supporting the innovation, for example through mentoring, further enhances the
probability of that innovation being embedded and sustained. It is recognised by teaching and
learning (T&L) focused academics in Australian universities that securing small amounts of
funding to seed T&L initiatives/innovations has become increasingly challenging as the focus
for internal funding support has steadily moved towards relatively large groups engaged in
discipline-based research. In addition, seed funding needed for small initiatives is not
normally something that national bodies, such as the ALTC would naturally provide, leaving
T&L innovators with few support options. By funding small pilot IOL projects, the intentions
are to: • encourage the formation of small teams with diverse backgrounds and capabilities to
develop trial and embed IOL activities within their curriculum • engage institutional leaders,
senior academics and educational developers in IOL activity development • enhance
recognition for the work being done by academics within their own institution through being
involved with a national program of activities • act as a seed to attract more funding internally
and externally • offer the opportunity for developers of the IOL activity to ‘start small’ instead
of committing large resources to what might be seen (in the early stages at least) as a risky
endeavour. • become a focal point for a state or national workshop. Academics developing
similar IOL activities at different universities will be encouraged to form a partnership to
support each other, which could lead to joint presentations or publications. As each pilot
project proceeds, the fellow will take on several roles to sponsor, promote and embed the
change including: broker, who will develop and maintain networks; innovator who encourages
and facilitates change, and; integrator who acts as a critical observer (Vilkinas and Cartan,
2006).
References: Elton L (2003). Dissemination of innovations in higher education: A change theory approach. Tertiary Education and
Management 9: 3, 199-214.
Casotti, G, Rieser-Danner L and Knabb M T(2008). Successful implementation of inquiry-based physiology laboratories in
undergraduate major and non major courses. Adv Physiol Educ 32:286-296.
Southwell, D., Gannaway, D., Orrell, J., Chalmers, D., & Abraham, C. (2005). Strategies for effective dissemination of project
outcomes. Sydney, Australia: Carrick Institute for Learning and Teaching in Higher Education.
Vilkinas, T & Cartan, G (2006a), 'The integrated competing values framework: Its spatial configuration', Journal of Management
Development, 25 (6), 505-521.
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B3: IUPUI Central Indiana STEM Talent Expansion Program (CI-STEP): A Systemic
Approach to Increasing Undergraduate Success in STEM
Kathleen Marrs, IUPUI; Jeff Watt, IUPUI; Mariah Judd, IUPUI; Charlie Feldhaus, IUPUI; Stephen
Hundley, IUPUI; Andy Gavrin, IUPUI
Our project addresses several aspects needed for transforming undergraduate STEM
education by propagating, expanding, and creating new research-based STEM educational
innovations in undergraduate STEM education at IUPUI. The Central Indiana STEM Talent
Expansion Program at IUPUI, funded by the National Science Foundation, is creating a central
Indiana pipeline and a university culture change to increase the number of students from the
greater Indianapolis region obtaining STEM degrees. Through a close collaboration between
the Purdue School of Science and Purdue School of Engineering and Technology at IUPUI,
University College at IUPUI, Ivy Tech, and Vincennes University, our shared goals are to
increase the numbers of students of all demographic groups who: (1) Pursue STEM academic
and career pathways; (2) Participate in STEM research, industry internships, and honors
activities; (3) Graduate with an undergraduate degree in STEM fields; and (4) Transition into
industry, graduate and professional programs.
Impact at the Campus, Local, State and National Levels: Successful programs in student
learning and retention benefit all involved, from the students and the campus, to
improvements in the local economy. Successful programs can than be replicated statewide or
nationwide. The primary goal of our project is to employ and assess the impact of several
program-wide intervention strategies on student success, leading to higher numbers of
students graduating with STEM degrees. These intervention strategies include: • New STEM
Summer Bridge Academies • Strengthened articulation agreements, peer-mentoring and
academic advising support for Ivy Tech and Vincennes transfer students • Expansion of Peerled Team Learning (PLTL) and Just-in-Time Teaching (JiTT) to new departments in Science and
to the School of engineering and Technology • Development of a new concept in peer
mentoring, The CICADA program (Critical Idea Context and Depth Augmentation) •
Development and expansion of Honor seminars in Science and in the School of Engineering
and Technology • Development and expansion of Career Development services and internships
for undergraduates. IUPUI, with its nationally recognized commitment to improving
educational success for all students, has numerous support services already in place to assist
with our initiative, making it possible for us to integrate research and education on effective
strategies for student learning in STEM disciplines.
Research basis or evidence: Research has established that students who take courses that
use active learning outperform students in traditional classes and develop a greater
conceptual knowledge of the course content (Astin, 1993; Hake, 1998). Just-in-Time Teaching
(JiTT) is an innovative, research-based method that has significant effects on student learning
and retention via the creation of a continuous feedback loop between the web and the
classroom (Novak et al 1998). Peer-led Team Learning (PLTL) has been successfully
established at universities nationwide, including IUPUI, and increases student success by
recruiting recent successful students from the course to serve as peer leaders to coach small
student groups in a workshop setting devoted to problem-solving (Gaffney and Varma-Nelson
2007). Summer bridge programs are known to be an effective way to achieve first-year student
success, particularly for first generation and minority students (Meyers 2003). Research on
the success of the community college experience as a gateway for first generation and

33

TUESDAY

underrepresented minority students has shown the importance of creating a seamless
academic pathway for students to successfully transition into a four year college (NCES,
2009), with mathematics being one of the key subjects that determines a students future
success in a STEM program (NAS, 2005). All of the programs described are either on-going at
IUPUI, or being established and will be fully implemented over the next 5 years, impacting over
one dozen departments at IUPUI, approximately 50 faculty members, two local community
college systems, and over 10,000 undergraduate STEM students.
Goals and/or long term outcomes: While there are many of the factors leading to student
persistence and degree completion, our program has these targets for each of the next 5
years: • 10% increase in the number of new and transfer students admitted to STEM majors •
10% increase in the number of minorities admitted to STEM • 10% decrease in the DFW rates
for targeted • 15 additional students participating in internship and research experiences • 50
graduating seniors will have participated in honors seminars • 10% increase in the number of
students completing a STEM degree at IUPUI. This increase in degrees, over 5 years, will result
in almost 800 additional STEM degrees during the course of the grant, which can then be
sustained by the STEM programs established in each department in future years.
Cited:
• Astin, A. W. (1993). What matters in college? Four Critical Years Revisited San Francisco: Jossey-Bass.
• Gafney, L. and Varma-Nelson, P. (2007). Evaluating Peer-Led Team Learning: A Study of Long-Term Effects on Former Workshop
Leaders, Journal of Chemical Education, 84, 535-539. • Hake, R. R. (1998). Interactive-engagement versus traditional methods: A
six-thousand student survey of mechanics test data for introductory physics courses. American Journal of Physics, 66:64-74.
• Meyers (2003). Academic-Support Strategies For Promoting Student Retention & Achievement During The First-Year Of College
• National Academy of Sciences, Committee on Science, Engineering, and Public Policy (COSEPUP). (2005). Rising Above the
Gathering Storm: Energizing and Employing America for a Brighter Economic Future. Washington, DC: National Academic Press.
• National Center for Educational Statistics (NCES). (2009). Students Who Study Science, Technology, Engineering, and
Mathematics (STEM) in Postsecondary Education, July 2009.
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Session C: Researching Innovation, Part A, Room 320
Session Chair: Lisa Lockwood, Brooks/Cole Cengage Learning
C1: The Power of Choice: Making Unpopular Courses Better using Empowered
Assessment
Susan Rowland, University of Queensland; Ian Wood, University of Queensland
Justification for the project: This presentation addresses assessment policy, design, and
implementation in STEM. We present evidence from a large-scale research study and a small
scale case study that support assessment choice as a method of improving student
experiences in STEM education. Our findings suggest the need for cultural change in STEM
teaching and provide a mechanism by which this can be practically implemented.
Background: As the dollar cost of education rises, college students appear to want shorter,
more specialized, study programs that are tailored to their immediate vocational needs. This
is often at odds, however, with the goal of a University or degree-granting college education,
which aims to produce a well-rounded graduate with a range of generalist attributes and a
comprehensive knowledge of a field. The University of Queensland (UQ) is a large, researchintensive, public, Australian university. Many of our STEM-subject undergraduate programs
have foundation science courses designed to provide broad, groundwork knowledge that our
students can use throughout their lives. Our students, however, have a wide spectrum of
learning goals, prior educational experiences and academic attainment levels. They are often
dissatisfied with these compulsory studies, saying they are “not relevant” to their goals.
“Empowered Assessment” (EA) is a term we use to describe the practice of giving students
choice over the type, mode, and weight of assessment during a program of study. This can
include assessment components that are self- or peer-marked, replacements of one type of
assessment (eg: a written assignment) with another type of assessment (eg: making a video),
or a simple choice between two topics for an essay. This project aims to develop an EA
approach to generalist undergraduate science at UQ; we hypothesize that giving students in
foundation science courses an acceptable level of self-direction in assessment will increase
their satisfaction and engagement. The acceptability of EA is key – there is no point in
introducing practices that are designed to empower students in the assessment process if
students have a negative view of the practices, or if they find them stressful. Both of these
situations will reduce motivation and engagement.
Research Basis: Aim 1 of the study was to identify which EA practices are most palatable to
students from different groups. We will present evidence that addresses this aim from a
survey where over 500 UQ undergraduate students participated. The students were at various
stages of their education, from first (freshman) to fourth (senior) years. Aim 2 of this study was
to design and deploy tailored assessment strategies using our findings. We have done this for
a large (~470 students), unpopular second year course called BIOC2000: Biochemistry and
Molecular Biology. We will present this case study, which has yielded dramatic, positive
results.
To address Aim 1, we used a modified version of the ASSIST survey (Tait et al., 1998), with
added questions that examined aspects of empowered assessment such as (i) democratic
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decisions on assessment made by the class, (ii) peer marking, (iii) self marking, and (iv) choice
of assessment item. This survey allows us to determine the types of learning behaviours our
students engage in (strategic, deep, or surface apathetic). Our added questions allowed us to
correlate these attitudes with the students’ preferences for different types of assessment.
Our results were surprising. Contrary to our expectations (or hopes), average scores for the
different learning styles did not change as students progressed through their education. This
result is disappointing, as it suggests that students do not improve their attitudes to learning
(or the strategies they use to study) during their undergraduate careers. It also suggests,
however, that we should not spend time trying to change their fundamental attitudes to
learning – rather we should employ teaching and assessment strategies that accommodate
all possible learning styles. When we examined student attitudes to different types of
assessment practices, we found that only one EA practice, assessment choice, ranked very
positively with all types of learners. We also examined how much choice was acceptable to
students, and how heavily weighted the choice had to be before it became unacceptably risky.
Students were very much in favour of assessment choice when the risk was low (83% said
they would welcome choice on an assessment item that was worth 20% of the course weight).
When the choice increased in risk, however, to 80% of the course value, only 43% welcomed a
choice. 38% of students said they would be stressed if the choice was worth 80%. For low-risk
choices, students did not think everyone should do the same assessment item (only 6%
overall thought this was the fairest option). When the choice was higher risk, this proportion
increased to ~18% overall.
To address Aim 2, we used this information to design a new assessment strategy for
BIOC2000. Students were presented with several low-weight assessment items where they
had a choice, as well as a dual practical stream where they could choose a “regular” laboratory
experience or an undergraduate research project. This new assessment mechanism has led to
a large increase in student satisfaction with the course and improved grades. We will present
this case study in more detail.
Scope and impact: The whole process of data collection, course redesign, and new
assessment deployment has taken approximately 8 months and approximately $10 000 in
one-time costs to set up the new laboratory stream. At present, this study addresses just one
institution, and approximately 1000 undergraduate students. It provides a paradigm, however,
for enacting change in many different STEM contexts. We believe that the increased student
satisfaction and motivation we observe when using assessment choice is driven by
fundamental and well-established human psychological phenomena, particularly cognitive
dissonance and the factors that drive choice theory. EA is applicable for many courses and
study programs, not just our single case study.
References: Tait, H., Entwistle, N.J. & McCune, V.S. (1998). ASSIST: a reconceptualisation of
the Appoaches to Studying Inventory. In C. Rust (ed.), Improving Student Learning: Improving
Students as Learners. Oxford: Oxford Brookes University, Oxford Centre for Staff and Learning
Development.
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C2:
A First Course in Nanoscience
Anna-Leena Latvala, University of Jyväskylä; Janne Ihalainen, University of Jyväskylä; Anssi
Lindell, University of Jyväskylä; Jouni Viiri, University of Jyväskylä, Finland
Nanoscience expertise is in great demand in Finland. In 2008, there were 202 active
nanotechnology companies and the workforce included 2,900 nanotechnology professionals.
Moreover, the prediction by the Finnish Funding Agency for Technology and Innovation for
2013 was 11,000 positions - the growth rate is considerable (Spinverse, 2009). The Ministry of
Education in Finland has raised attention to the need for improving graduate and especially
undergraduate education in Nanoscience (Ministry of Education, 2005). The vision for year
2020 expressed in the recently completed Nanoscience research program FinNano (Academy
of Finland, 2011) includes an emphasis on education; they envision an interdisciplinary
Nanoscience major from undergraduate level all the way to doctorate studies. At the
University of Jyväskylä, undergraduate education has received special attention and the
Physics Department has twice been chosen as a High-Quality Education Unit by the Finnish
Higher Education Evaluation Council. The attention has now been directed at improving the
relatively new Nanoscience undergraduate education, which started in 2007.
Currently, the rigorous Nanoscience courses do not start until the 3rd year. Before that, the
students may not have had anything to do with Nanoscience. This project is about creating an
introductory, first-year Nanoscience course in the Bachelor's degree program. The course will
begin in April 2012 and be attended by 20-30 students in its first year. It is a joint project
between the Nanoscience Center (NSC) and the Department of Teacher Education at
University of Jyväskylä. The main goal of the course is to introduce students to the fields of
Nanoscience and multidisciplinary thinking. We hope to offer students a framework through
which they can evaluate the differences and similarities between Nanoscience and the
Physics/Chemistry/Biology phenomena they have met during secondary school. The
framework we are using comes from the "Big Ideas" by Stevens, Sutherland and Krajcik
(2009). The students will use the Big Ideas to classify phenomena and learn to look for the
effects of the nanoscale. The experimental work done during the course involves four areas
studied in more detail: force microscopy (Planinsic & Kovac, 2008; Lindell, Latvala, & Viiri,
2009), electrophoresis (Latvala, Lindell, Nevanpää, & Viiri, 2010), color and nanoparticles, and
magnetism (Sederberg & Bryan, 2010). They are used to explore the Big Ideas of novel tools,
dominant forces, size-dependent properties of matter, and models. The experiments were
originally developed using learning-demand analysis with (upper) secondary students in mind,
but are modified to suit the course.
The two other goals of the course are to improve the students' scientific literacy to meet the
demands of the University courses, and their enculturation into the community of the NSC.
The better-spoken researchers of NSC are invited for guest lectures, prior to which the
students read, interpret and discuss a hand-picked publication by the said researcher. The
students are expected to write a short report on a research topic investigated at the NSC, and
the reports will be assessed by the researchers. We hope that the effort of the researchers will
pay back in student interest in their research projects and consequently, student choice in
Bachelor's thesis topics. The sooner the students become a part of the research teams, the
sooner they are able to begin an enculturation process guided by the senior researchers and
approach their courses with an insight for the skills and the ways of thinking needed in their
field (Tala, 2010). Overall, the insight gained in student understanding of Nanoscience will
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contribute in our research on mental modeling (e.g. Sederberg, Latvala, Lindell, Bryan & Viiri,
2011) and the design of experimental work in Nanoscience. It will also help the NSC staff
communicate better with prospective students as well as guide the researchers in their other
outreach projects.
References:
Academy of Finland (2011). Nanovisio 2020. Publication of the Academy of Finland, 2/11. Latvala, A.-L., Lindell, A., Nevanpää, T. &
Viiri, J. (2010, August). A Nanoscience Course for Upper Secondary Students. Presented at the annual meeting of GIREP-ICPEMPTL, Reims, France.
Lindell, A., Latvala, A.-L. & Viiri, J. (2009, August). Teaching properties of matter on the atomic scale with a toy model of an atomic
force microscope. Presented at the annual meeting of GIREP-EPEC, Leicester, UK.
Ministry of Education (2005). Nanotieteen keihäänkärjet Suomessa. Reports of the Ministry of Education, Finland, 2005:39.
Planinsic, G., & Kovac, J. (2008). Nano goes to school: a teaching model of the atomic force microscope. Physics Education, 43, p.
37-45.
Sederberg, D., & Bryan, L. (2010). Magnetism as a size dependent property: A cognitive sequence for learning about magnetism as
an introduction to nanoscale science for middle and high school students. Proceedings of the International Conference of the
Learning Sciences. Chicago, IL: International Society of the Learning Sciences.
Sederberg, D., Latvala, A.-L., Lindell, A., Bryan, L., & Viiri, J. (2011, April). Progressions of Students’ Mental Models of Magnetism.
Presented at the annual meeting of NARST, Orlando, FL.
Spinverse Oy (2009). Nanotechnology in Finnish Industry 2008. [Powerpoint slides] Retrieved from
http://www.slideshare.net/spinverse/nanotechnology-in-finnish-industry-2008.
Stevens, S., Sutherland, L., & Krajcik, J. (2009). The Big Ideas of Nanoscale Science and Engineering. NSTA Press, Arlington,
Virginia.
Tala, S. (2010). Enculturation into Technoscience: Analysis of the Views of Novices and Experts on Modelling and Learning in
Nanophysics. Science and Education, 20(7-8), p. 733-760.
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C3: NEXUS: Competency-Based Introductory Undergraduate Science Preparation of
Future Health Professionals and Students in the Biological Sciences
Marc Loudon, Purdue University
In 2011, the Howard Hughes Medical Institute (HHMI) funded NEXUS (National Experiment in
Undergraduate Science Education) as a four-year collaborative grant between the University
of Maryland, Baltimore County, The University of Maryland College Park, the University of
Miami and Purdue University. This consortium of faculty from four universities is developing a
coordinated response to the AAMC/HHMI report "Scientific Foundations for Future
Physicians" (SFFP), [www.hhmi.org/grants/pdf/08-209_AAMC-HHMI_report.pdf], which calls
for competency-based premedical science education. The consortium has believed from its
inception that the competencies listed in SFFP should be explored and assessed to see if they
will provide an improved foundation for future health professionals, including pre-medical,
pre-pharmacy, and pre-veterinary students, as well as undergraduates studying the basic
biological sciences. NEXUS involves the disciplines of chemistry, physics, mathematics and
how introductory college science instruction should relate to the biological sciences with an
emphasis on the use of interdisciplinary case studies. The project includes an External
Advisory Board (EAB), an Executive Steering Committee (ESC) and a Global Assessment
Committee (GAC) with each of the four participating universities bearing primary responsibility
for one of the disciplines.
The goals of NEXUS are to provide: 1) greater integration of the subject areas of chemistry,
physics, mathematics and biology than exists presently, with biology as the central focus; 2)
an emphasis on achieving competencies rather than just completing courses; 3) an inventory
of instructional modules and/or curricula employing active-learning strategies as resources to
assist others in moving along a similar path; and 4) techniques for assessing whether the
other goals have been achieved. With an emphasis on Purdue University’s focus on the
chemistry aspect of the project, this talk will stress the evolution and structure of NEXUS, and
the challenges of meeting the NEXUS goals both locally and nationally, which include policy,
implementation, and cultural change at both the national and local levels. Thousands of
students nationally could potentially be affected if this project is successful, and basic
science education in biology and biology-related sciences could be transformed.
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Featured Speaker
Tuesday, October 11, 2011
12:40 p.m.

North Ballroom, Purdue Memorial Union

Improving Postsecondary STEM Education
Based on Research Evidence
Martin Storksdieck, Ph.D.
Director, Board on Science Education
National Academy of Sciences / National Research Council

In contrast to K-12 education, US higher education is often seen as reasonably
effective and successful. This is certainly true for a rather small number of selective
universities that are able to attract excellent students and faculty, and have the
financial means to provide rich learning environments. However, it could be argued
that many institutions of higher learning in the US, whether these are 2 or 4 year
institutions, struggle with providing their students the best education possible,
particularly in STEM fields. Research evidence suggests that instruction is often
outdated, that research findings of effective teaching are not being utilized, that
students who choose STEM as majors are more likely than others to prolong their
education or drop out, that STEM fields struggle to attract and retain students
representative of the diversity in the US population, and that, overall, the percentage of
students who graduate with degrees in STE fields is gradually declining. While
strategies for addressing major problems in undergraduate STEM education have been
researched and reported in the literature, the system overall seems slow to adopt or
embrace evolutionary change and outright reform, for sometimes obvious reasons
associated with structural barriers, incentives, and cultural expectations. In this talk I
will outline major areas that require improvement and discuss top-down and bottom
up strategies that, with some patience, may effect change.
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Concurrent Sessions
Session D: The Transformation Process, Room 311
Session Chair: Susan Whitmer, Herman Miller
D1:
Project Kaleidoscope: Leadership for Implementing Change in Undergraduate
STEM Education
Susan Elrod, Project Kaleidoscope; Judith Dilts, James Madison University; Elizabeth
McCormack, Bryn Mawr College; Lynn Zimmerman, Emory University
Transforming undergraduate STEM education requires vision, leadership and action. Since
1996, Project Kaleidoscope (PKAL), a national organization, has been offering leadership
institutes for STEM faculty members to develop their knowledge and skills as change agents
who have the capacity to lead educational reform at their institutions. These institutes are
designed around a carefully coordinated blend of theory and practice, weaving discussions of
issues of national import with experiences about the challenges of change together with time
for conversations and reflections with mentors. Institute mentors, who are senior leaders in
STEM education, play a key role in guiding the conversations, as they bring to the table firsthand experience in leadership in institutional change at the local and national levels. The
institute utilizes a variety of approaches that include case-studies, role-playing, field trips
and collaborative problem-solving exercises. Experiential learning is a significant part of the
institute. Mentors work with participants to shape a plan for leadership development and
campus action. Each week-long institute consists of 15-20 participants and up to 10 mentors.
Institutes are held at the Baca campus of Colorado College, which offers a retreat-like
experience for participants to focus on their growth and development at the base of the
Sangre de Cristo mountain range. The central tenant of these institutes is that in order to
effect change beyond that which individual faculty members can implement, a coordinated
effort led by skilled change agents must occur, and the objective is to inform, empower and
energize individuals in this work. This program has been the foundation of PKAL’s theory of
change over the past two decades.
Since 1996, over 200 faculty members from across the STEM disciplines have attended the
institutes. Participants indicate that the summer leadership institutes (SLI) have had a “very
strong impact” on efforts to strengthen student learning, including curriculum change and
development, institution-wide efforts, and their ability to collaborate and deal effectively with
the politics of reform. An analysis of leadership alumni indicates that nearly 40% have moved
on to administrative leadership positions, such as director, department chair, dean, vice
president or provost. PKAL leadership alumni are also now applying their expertise to lead
regional STEM reform networks in five locations around the U.S. Networks and communities of
practice that provide an environment for mutual adaptation, support and development of
members have emerged as a key mechanism for creating culture shifts and for spreading
innovation.
Since 2007, PKAL networks have engaged nearly 650 STEM faculty and campus leaders from
over 100 diverse institutions in professional development workshops focused on STEM reform
teaching and learning. These networks are: AtlantaPKAL (Atlanta, GA) with 240 participants;
CapitalPKAL (Washington, DC/MD/Northern VA area), the newest network with its first
meeting in fall 2011; PortPKAL (Portland, OR) with 174 participants; PrairiePKAL (upper
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Midwest) with 200 participants; and, SoCalPKAL (Los Angeles, CA) with 30 people at its first
meeting in Spring 2011. Overall, institutions represented in the networks are: public (61%),
private (39%), minority-serving (11%), community colleges (28%), baccalaureate/Master’s
(58%) and research/doctoral universities (13%). PKAL networks are building communities of
practice that propagate innovation in teaching and learning. They develop change leadership
skills among network members to effect a wider reach of STEM education transformation on
campuses where it matters most. Evidence-based practices from the STEM education
literature as well as PKAL resources on “what works” are shared among network participants,
and networks are connected together and coordinated by PKAL. Network expertise and
resources are disseminated more broadly on PKAL’s website and at national meetings. At
least one department has revised its science for non-science majors biology courses based on
team participation in network events and an analysis of other reform projects within the
networks is underway. Regional leaders are also cultivated through local PKAL leadership
workshops and participation in the national summer institute. In this way, we are building the
capacity for change.
This work is done in the context of the PKAL 2.0 agenda recently developed to leverage 20
years of PKAL’s experience with the higher education depth and breadth of its new partner
organization, the Association of American Colleges and Universities (AAC&U). The PKAL 2.0
mission is to be a national leader in catalyzing the efforts of people, institutions, organizations
and networks to move from analysis to action in significantly improving undergraduate
student learning and achievement in STEM (science, technology, engineering and
mathematics). PKAL/AAC&U will accomplish this mission by: 1) Promoting the development
and wider use of evidence‐based teaching, learning and assessment approaches that engage
students in the active pursuit of learning through authentic experiences; advancing the critical
role of STEM in general education, liberal education, civic education and global education;
advocating the importance of integrated, interdisciplinary and state‐of the‐art undergraduate
STEM education; 2) Building individual and organizational capacity to lead change in STEM
education; and, 3) Engaging the broader community of external stakeholders - professional
and disciplinary societies, business and industry groups, accreditation organizations,
educational associations, governmental agencies, philanthropic organizations ‐ in achieving
our mission.
The intent of this presentation is to engage participants in an active exploration of PKAL¹s
theory of change, leadership development model and regional network approach to better
understand how PKAL has been moving STEM education innovation to implementation.
Participants will also learn more about opportunities to join PKAL’s efforts in expanding and
bringing to wider scale effective STEM reforms throughout the nation.
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D2: Institutional Course Redesign
Marne Helgesen, Purdue University: CIE; Frank Dooley, Purdue University; Tomalee Doan,
Purdue University; Donalee Attardo, Purdue University
This presentation addresses policy, implementation, design, sustainability, research and
institutional cultural change for a unique and compelling course transformation program. This
program bases its transformation on philosophies expressed early on by Barr and Tagg,
(1995). More specifically, this presentation describes and reviews the first year of a campuswide course redesign program, Instruction Matters: Purdue Academic Course Transformation
(IMPACT), emanating from the Office of the Provost and focusing mainly on large-enrollment,
foundational courses. The institution is a large, Ph.D. granting research university in the
Midwest. The rationale for the program is that more students can be more positively impacted
in foundation courses when those courses engage in a redesign process that is strategic
(researched-based and institutionally supported). In short, the institution is undergoing a
change in paradigms, i.e., from teaching to that of learning.
The presentation will outline the feature that makes this program unique, i.e., its scope. The
presentation will further describe the specifics of the breadth of the campus-wide effort at
this very large research institution, showing how it encompasses not only courses in STEM
disciplines (particularly those large foundational courses), but also across the university. For
this first year, 13 professors in a total of nine courses will be assessed, as will over 450
students. Finally, the description will include how, the program is strategically stewarded and
supported by multiple administrative units within the campus, i.e., the Center for Instructional
Excellence, Instructional Technology at Purdue, Libraries, Expanded Campus and Discovery
Learning Research Center, and how the learning spaces are going to be created and expanded
as the program expands. Long term institutional goals will be specified.
The presentation will illustrate research-based practice as it is used for the basis for this
newly formed program. e.g., Faculty Learning Communities (Cox, 2000), Understanding by
Design (Wiggins, et al, 2005), and the partnerships of specific campus administrative units as
they are combined to create the basis for faculty and instructional (course and/or curricular)
development. Because the program is newly initiated (but planned for sustainability and
growth over the next five+ years), the whole of assessment will not be addressed in this
presentation – however, the array of potential sources of assessment will be included. Finally,
the presentation will highlight the organizational structure of the IMPACT program, beginning
with the Office of the Provost, utilization of an annual Provost IMPACT Faculty Fellow, function
of the IMPACT steering committee, IMPACT sub-committees, campus units, etc., while
ultimately identifying pitfalls – those overcome and those yet to be overcome.
References:
• Barr and Tagg, 1995. From Teaching and Learning – A New Paradigm for Undergraduate Education (from Change, Vol. 27, No. 6,
November/December 1995).
• Cox, M. D. “Faculty Learning Communities: Change Agents for Transforming Institutions into Learning Organizations.” To
Improve the Academy, 2001, 19, 69-93.
• Cox, M. D. “The Role of Community in Learning: Making Connections for Your Classroom and Campus, Your Students and
Colleagues.” In G.S. Wheeler (ed.), Teaching and Learning in College: A Resource for Educators. Elyria, Ohio: Info-Tec, 2002.
• Angelo, T. A. “Transforming Departments into Productive Learning Communities.” In F. Lucas and Associates (eds.), Leading
Academic Change: Essential Roles for Department Chairs. San Francisco: Jossey-Bass, 2000.
• Wiggins, G. and McTighe, J. (2006) Understanding by Design. Pearson Education, Inc. Upper Saddle River, New Jersey.
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D3: University Governance and its Role in Transforming Societies in the Middle East
Adriana Jaramillo, The World Bank
I will present the results of a regional study on university governance conducted in four
countries: Palestine, Egypt, Tunisia and Morocco. We have surveyed 50 Universities, using a
questionnaire addressing 4 dimensions of Governance: Context, Mission and Goals,
Management, Autonomy, Accountability and Inclusion/Participation. We have engaged in this
research at the request of leaders in each of the participating countries. Taking into account
that one of the key elements that have been the recent focus of transformation in Tertiary
Education reform worldwide has been university governance, we considered that this is
essential for the Middle East region. Given the recent events in the region, the transformation
process in universities has speed up in Tunisia and Egypt. Due to the critical role of
universities in building democratic societies, this transformation can have enormous impact
throughout the region.
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Session E: Instructional Technology, Room 318
Session Chair: Mary Finch, Brooks/Cole Cengage Learning
E1:
Online Learning Systems for Science: From Grant-Funded Project to Widespread
Commercial Distribution
William J. Vining, SUNY College at Oneonta; Lisa Lockwood, Cengage Learning; David Hart,
University of Massachusetts, Amherst
This presentation will describe the genesis, testing, modification, and eventual commercial
distribution of a web-based homework/learning system for chemistry. This project relates to
the design and implementation of educational materials between a research university and a
commercial publisher, and wide use at 2-yearcolleges predominantly undergraduate
institutions, and research universities. The OWL project began at the University of
Massachusetts, Amherst, as an NSF- and FIPSE grant-funded project in the late 1990's. Its
first years saw growth of the system and its contents, driven by results of studies performed
UMass. The system and the project was then adopted for use through a partnership with
Cengage Learning. Through a decade of joint development informed by a variety of research
studies, both functionality and content have undergone continual but major changes.
This presentation serves as a case study that centers on the story by which a complex
undertaking moved from a local grant project to the point where it serves hundreds of
institutions with approximately 150,000 users. We will detail issues of adjusting roles, control
of content and functionality, intellectual property, and the fine line between academic
presentation and marketing. We will describe the decision making process used to decide
major issues in a long term academic-commercial partnership.
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E2:
IS-IT Learning? Challenging Students to Think ‘Outside the box’ through
Interdisciplinary Contexts for Inquiry in STEM.
Gwen Lawrie, The University of Queensland; Kelly Matthews, The University of Queensland;
Lawrence Gahan, The University of Queensland; Peter Adams, The University of Queensland;
Lydia Kavanagh, The University of Queensland; Gabriela Weaver, Purdue University
Large-enrollment first-year STEM courses present a significant challenge to academics in
terms of engagement and in catering for student diversity in academic ability, career
aspiration, and prior experiences. In this project we have attempted to address these issues
through the development of a new approach to collaborative inquiry learning in small groups.
Interdisciplinary scenario inquiry tasks (IS-ITs) have been developed through an instructional
design strategy that has drawn on literature and current pedagogical practices relating to the
integration of collaborative and active learning strategies to foster communities of learners.
Facilitation and assessment of these tasks in large-enrolment courses (>1300 students) is too
complex and time-consuming for a single academic course coordinator to manage manually;
hence a new web-based task-management system, iCAS (interactive Collaborative
Assessment System) has been developed to achieve these processes. iCAS facilitates flexible
group formation enabling promotion of student investment in both the process and outcomes
of the task. The technology-enhanced learning environment has been optimised over a 3 year
period during which time 5 separate cohorts of students) completed collaborative research
tasks.
The IS-IT challenges were framed in contexts that integrated multiple STEM disciplines with
the relevant enabling science (in this case chemistry) as the common denominator. The aim
was to increase the relevance and motivation for students thereby enhancing engagement.
With this in mind scenarios were identified that encompassed a wide range of contexts which
mapped against all of the programs represented by students enrolled in the large first-year
courses. Twenty-seven IS-IT scenarios were formulated in two stages by a team of writers
drawn from diverse backgrounds and various science disciplines. Using these scenarios
students undertaking the assignment were required, over a period of 6 weeks, to generate
collaboratively a group report . A critical factor in enhancing learning from these tasks was
ensuring interdependency within groups of students. This was promoted by integrating an
initial cooperative phase, in which students negotiated and individually retrieved information,
with a collaborative phase which relied on integration of all the individual sets of information
to generate a collective response to a metaquestion. The transition between cooperative and
collaborative phases was managed using iCAS to electronically scaffold individual file
submission in a group domain. The task criteria were designed to encourage students to
develop skills beyond disciplinary content knowledge including interdisciplinary thinking and
applying quantitative information to support arguments.
Evaluation examined three aspects of the implementation of the tasks: the effectiveness of
the learning environment, the learning process, and the learning outcomes. Data sources
included quantitative (pre/post surveys) and qualitative data (open questions, focus groups
and student reports) to measure student perceptions and identify to what extent the task had
impacted on learning outcomes. In this presentation, the characteristics of a group that is
collaborating in a way that fosters creativity and higher-order thinking will be presented
based on evidence. These traits included: collective agreement in the structure of
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collaborative processes; effective routes for communication; supportive exchanges in
communication and useful information contributed by all team members during the
cooperative phase. Overall strong evidence emerged of enhancement of both interdisciplinary
thinking and engagement as a result of the IS-IT experience.
The introduction of collaborative inquiry-based learning tasks has been demonstrated as a
viable strategy for addressing issues in student diversity and engagement. One of the
deliverables is a set of guidelines for a capacity to change the way that large courses are
presented in universities. Innovative approaches to student learning and assessment in STEM
courses can be implemented with initial resourcing and support. While this project has been
implemented in a single institution, the next stage which has been initiated is to translate this
initiative into other tertiary institutions and disciplinary contexts through existing networks.
The secondary sector is also regarded as a potential stakeholder and so options will be
explored to integrate the project resources/activities into this context.
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E3:
Cyber Peer-Led Team Learning at IUPUI, Purdue, and Florida International
University: A Next Generation Learning Challenges Project
Nancy Millichap, Educause; Pratibha Nelson-Varma, Indiana University-Purdue University
Indianapolis
The Next Generation Learning Challenges initiative of EDUCAUSE, with support from the Gates
and Hewlett Foundations, is a collaborative, multi-year grant program aimed at dramatically
increasing college readiness and completion through applied technology, especially for lowincome and minority students, who face particular challenges in achieving their educational
goals. Additional details about this initiative are found in the abstract for the 6:30 Monday
breakout session featuring two other NGLC projects. In this session, conference participants
will learn about the concepts and their realization to date from the principal investigators of
the Wave I project Cyber Peer-Led Team Learning: Using Communications Technologies to
Support Learning and Persistence.
The project addresses blended learning. Indiana University-Purdue University Indianapolis
(IUPUI), Purdue University, and Florida International University are participating as a
consortium to test the transportability of Cyber Peer-Led Team Learning (cPLTL) developed at
IUPUI. During its development, CPLTL was supported with funding from Academic Affairs and
the National Science Foundation. The model has been studied at IUPUI and is showing positive
impact on student learning in introductory chemistry. Purdue and Florida International
Universities were selected as replication sites because they have the infrastructure and the
interest necessary for introducing CPLTL into their introductory biology courses.
Peer-Led Team Learning (PLTL), the face-to-face predecessor to CPLTL, has proven to be a
high-impact pedagogy in the science, technology, engineering, and mathematics (STEM)
disciplines. PLTL is a model of teaching that preserves the lecture and replaces recitation in
science courses with a weekly two-hour session. During these interactive sessions
(workshops), six to eight students work as a team to solve carefully constructed problems
under the guidance of a peer leader.
An NGLC program officer will introduce the session and be available to address questions
about the initiative as a whole.
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Session F: Researching Innovation, Part B, Room 320
Session Chair: Donalee Attardo, Purdue University
F1: Creating Informed Problem Solvers: A Case Study in Engineering Education
Michael Fosmire, Purdue University; Senay Purzer, Purdue University; Ruth Wertz, Purdue
University
In our increasingly knowledge-based society, the focus of engineering education has changed
dramatically, de-emphasizing specialized content skills and rote problem solving and
concentrating on processes and habits of mind, such as problem solving, critical thinking, and
adaptability. Indeed, the discipline now embraces the concept of Renaissance Engineers, who
can contribute their expertise as a part of a team to solve the increasingly complex and
interdisciplinary problems facing our society, both locally and globally. This refocusing of
perspective has led in the past decade to more open-ended, design-based coursework for
undergraduate students, even as early as a student’s first year, as, for engineers, the design
process is the common method that ties the profession together. In order for students to be
prepared to solve the ill-structured problems they will face after graduation, there needs to be
a cultural shift in how information gathering is integrated into engineering curricula. Most
process models of engineering design do explicitly contain an information gathering
component, yet despite that, information skills are typically cursorily discussed in most
engineering courses, if at all. Engineering faculty often believe students already possess
information skills, although they are continually disappointed by their students’ performance
on open-ended assignments. To shed light on these perceptions, the authors will report
results of a self-assessment of student information skills as well as independent measures of
their competencies, which indicate that first-year engineering students have an inflated
perception of their own skills. Building on the results of the student assessments, this paper
presents an integrated model of engineering design that incorporates both relevant
information literacy theories and engineering education research, and discusses the first
application of the model to an authentic memo assignment. As a collaboratively developed
model, it introduces a common vocabulary that both disciplines can comfortably use, helping
bridge the gap between librarians and engineering faculty. The informed problem solving
model has transformed the structure of design activities for the first-year engineering
program at Purdue, and current research focuses on validating the model and assessment
tools at a variety of institutions across the country.
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F2: Learning Cycles in Large Chemistry Lectures: Implementation Logistics
Ellen Yezierski, Miami University
Inquiry-based instruction employing the learning cycle is theoretically grounded in
constructivism (1) and social constructivism (2) as well as empirically supported in research
conducted in learning environments K-16. Process-Oriented Guided Inquiry Learning (POGIL)
is a teaching method that has been broadly disseminated over the past 8 years. Implementing
POGIL and related approaches in large college chemistry courses is accompanied by a host of
logistical challenges; however, interested practitioners have pooled their strategies with the
hope that instructors, across a variety of college and university teaching settings, will adopt
more student-centered teaching methods. These strategies (3) address implementation by
focusing on parameters related to planning, instructional materials, assessment, and
management which support students engaging in mini-learning cycles in collaborative groups.
With respect to planning, the primary focus is on the process of determining the underlying
knowledge structures and then developing activities which replace lecture and help students
invent and/or discover this knowledge through the analysis of data or a model. The duration
for course transformation is variable and depends on the pace at which materials
development can occur. There are numerous practitioners across the U.S. at a variety of types
of institutions. This presentation will present one practitioner’s implementation lessons
learned about syllabus design, creating student groups, and grading considerations, along
tested group activities. Additionally, data demonstrating the effectiveness of the approach
will be disseminated with the hope of producing impacts going beyond instructor-byinstructor adoption.
References:
(1) von Glasersfeld, E. (1995). Radical Constructivism: A Way of Knowing and Learning. The Falmer Press: London & Washington,
DC.
(2) Vygotsky L. S., (1978), Mind in society: the development of higher psychological processes, M.Cole, V. John-Steiner, S. Scribner
and E. Souberman (eds.), Cambridge, MA: Harvard University Press.
(3) Yezierski, E. J., Bauer, C. F., Hunnicutt, S. S., Hanson, D. M., Amaral, K. E. & Schneider, J. P. (2008). POGIL implementation in
large classes: Strategies for planning, teaching, and management. In R. S. Moog & J. N. Spencer (Eds.), Process-Oriented Guided
Inquiry Learning. Washington, DC: American Chemical Society Symposium Books.
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F3:
STEM Strategies in K-15 Education in Colombia
Maria Figueroa, Universidad de los Andes
The Center for Research and Development in Education (CIFE) at Universidad de los Andes
(Bogotá, Colombia) has launched a STEM program as a part of its mission to produce
research‐based knowledge for the improvement of education at all levels and systems.
Since 2009 CIFE has offered a STEM specialization within the master’s of education program.
The STEM specialization encourages teachers to become deliberative, reflective STEM
learners as well as becoming more skilled leaders of their students’ STEM knowledge, skills,
and thinking.
Incorporating research findings on how best to engage students with science, these programs
integrate the teaching and learning of the STEM subjects (Science, Engineering, Technology,
and Mathematics) by taking advantage of cross and interdisciplinary connections between the
disciplines, as well as connections with other subject areas.
Currently, the STEM concentration has 25 students. Since this specialization is new, most of
the projects carried out by previous graduates have focused on teaching about a specific area.
However, some recent graduates have researched about the design of STEM assessments and
about Science learning in Engineering. It is expected that research on STEM and the
integration among the areas will increase in the near future.
STEM at CIFE allows educators to learn first‐hand of the natural integration that occurs in
these areas. This program emphasizes how STEM teachers can present an integrated
curriculum, aimed at solving real‐world problems, and providing students access to 21st
century skills.
CIFE also fosters STEM integration in several other ways, including the Pequeños Científicos
program and training faculty in STEM areas within the Universidad de los Andes and other
universities.
Pequeños Científicos (“Little scientists”) is an inquiry-based K-12 teaching program that
started in the year 2000. Its goal is to reform science teaching and learning in schools in
Colombia, training teachers to use guided inquiry. Currently, 200 schools are participating in
Pequeños Científicos and the program is being implemented in different regions of Colombia.
Several alliances between Universidad de los Andes and governmental agencies, universities,
and local sponsors have been done as well as workshops for teachers to become teacher
trainers, in order to increase the program and its participants.
CIFE also offers specific programs directed to teaching assistants within the Sciences School.
In the past couple of years, more than 150 teaching assistants (TA’s) from different Science
departments have participated in workshops in which topics such as inquiry teaching and
assessment, and ways of integrating different disciplines are presented in order for the TA’s to
incorporate them in their teaching and assessment. In addition, every year, professors from
the Sciences School received workshops offered by CIFE for improving their teaching at the
University level.
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Other STEM activities done at the University level, are the ones related with the Engineering
Faculty. An education for engineers course is offered every year by CIFE and the Engineer
school. In addition, in 2012, there will be a research project that studies Physics and
Mathematics teaching for Engineers.
Therefore, CIFE and STEM faculties and departments across the university are committed to
the development, research and evaluation of Integrated Teaching and Learning through STEM
at the K‐18 level.

Maria Figueroa's participation in Purdue's Transforming Education Conference is sponsored by Fulbright Colombia.
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Poster Session
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4:15 p.m.

Herman Miller Hub/South Ballroom
P1

Using Discourse to Enhance Student Understanding of Physical Chemistry
Renee Cole, University of Iowa; Marcy Towns, Purdue University; Nicole Becker, Purdue
University

P2

Accessible STEM Education for Inclusive Outcomes
Bridget Miller, Purdue University

P3

Integrating Graduate Students and their Research into K-12 classrooms:
From well-funded innovation to affordable implementation
Faith Weeks, Purdue University; Amy Childress, Purdue University; Jon Harbor, Purdue
University; Cyndi Lynch,Purdue University.
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Literacy Through Trilingual and Environmental Education.
Maria Cristina Buitrago de Mai, Fulbright Scholar, Colombia
Maria Cristina Buitrago de Mai’s participation in Purdue's Transforming Education Conference
is sponsored by Fulbright Colombia.

P5

A Transmedia Model for Scholarly Publication and Collaboration
Sorin Adam Matei, Purdue University

P6

Exploring the Transformative Nature of Engineering Education Proposals
Ann McKenna, Arizona State University; Stephanie Gillespie, University of Miami;
Russell Pimmel, National Science Foundation

P7

Innovation in Manufacturing Education
Henry Kraebber, Purdue University; Shirl Donaldson, Purdue University

P8

Skatepark Mathematics: Making Algebra and Geometry Relevant for High School
Students
William H. Robertson, The University of Texas at El Paso

P9

Purdue University Offers Interdisciplinary Courses in Homeland Security
J. Eric Dietz, Purdue Homeland Security Institute; Steve Riedel, Purdue Homeland
Security Institute

P10

Innovations in Pedagogical Approaches to Overcome Barriers to Interdisciplinary
Education
P. Suresh C. Rao, Purdue Civil Engineering; Heather E. Gall, Purdue Civil Engineering;
Linda S. Lee, Purdue Agronomy; Bryan Pijanowski, Purdue Forestry and Natural
Resources; Demetra Evangelou, Purdue Engineering Education
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P11

Measuring What Students Know: Misconceptions and Concept Inventories in
Chemistry
Stacey Lowery Bretz, Miami University

P12

Novel Research Community at the High School Level
Sophia Gershman, Watching Hills High School and Princeton Plasma Physics Laboratory

P13

Hotseat: Student Engagement in the Age of Cell Phones and Social Media
Kyle Bowen, Purdue University

P14

i8: Innovation Through Design of Toys
Karthik Ramani, Elkin Taborda, Senthil Kumaran, Purdue University

P15

Design Frameworks for Innovation in Engineering
Karthik Ramani, Fnu Vinayak, Purdue University
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Poster Abstracts
P1: Using Discourse to Enhance Student Understanding of Physical Chemistry
Renee Cole, University of Iowa; Marcy Towns, Purdue University; Nicole Becker, Purdue
University
In chemistry classrooms mathematical equations and symbols are commonly used to
describe theoretical constructs and experimental observations, but few studies have
investigated student understanding of such equations or the connections between the
classroom environment and student understanding of theoretical constructs. The abstract
and conceptual content of equations is frequently very high, and understanding the
connection between mathematical inscriptions and the physical macroscopic or particulate
level knowledge they convey about a system is at the heart of physical chemistry. For some
students it seems that the symbols used to convey relationships are devoid of any physical
meaning. This development of meaning does not occur as a result of students’ isolated
interactions with the chemical and mathematical content alone. Rather, students’ learning
experiences are characterized by the interactions between the students, the instructor, and
the content, in an environment typified by the dynamic relationship between instructor and
students as they interact with and relate to each other over time.
Discourse in the science classroom has been highlighted as an important way that students
develop an understanding of scientific concepts including equations and the meanings they
are intended to represent (Osborne, 2010). The development of methods for analyzing student
interactions and construction of knowledge and the increased adoption of active learning
strategies to teach physical chemistry provide a unique opportunity to investigate how
students develop understanding of mathematical equations and fundamental concepts in
physical chemistry and the roles of curricular material and instructor actions on student
conceptual growth. A relatively recent emphasis of mathematics and science education
research focuses on how communities of learners establish ideas (e.g. Rasmussen, Zandieh,
& Wawro, 2009). One issue of theoretical and pragmatic concern that has emerged from this
work is the documentation of the normative or collective ways of reasoning that develop as
learners engage in mathematical or scientific problem solving and discussion. What can be
learned about how students develop meaning for mathematical symbols in physical
chemistry? How does instructor discourse, as she or he interacts with students in the
classroom, foster or hinder learning? In what ways can students’ explanations as they interact
with the content, with each other, and with the instructor be described?
Active learning environments typically include student inquiry into challenging problems
involving explaining and presenting one’s own reasoning, as well as attending to, questioning,
and commenting on the reasoning of others. Such classrooms allow researchers to trace the
growth of ideas as they are initiated and constituted via classroom discussion. Toulmin
analysis provides a mechanism for documenting the collective production of meaning and
provides an empirical basis for examining the quality of classroom discourse and for reflecting
on instructional design and instructor facilitation (Rasmussen & Stephan, 2008; Cole et al,
2011). Research in this area can inform the STEM community regarding strategies for
implementing active learning strategies in the classroom, designing instructional materials to
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promote student discourse and understanding, and the development of a classroom (and
instructional) culture that supports student reasoning.
Integrating information from different levels of representations has been highlighted as a key
challenge to students’ understandings of chemistry (eg. Gilbert and Treagust, 2009). Quite a
few studies have looked at individual student understanding of the chemistry triplet (macro,
micro, symbolic representations), especially the particulate nature of matter. Though much
research has examined individual student understanding of one particular representational
level or another, little research has looking at how these types of representations contribute
to student reasoning in a discourse-oriented classroom setting. In this work, Toulmin analysis
has been used to code argumentations that occurred during a five-week portion of a physical
chemistry class focusing on thermodynamics. Across the data, a key feature of
argumentations in both whole class and small group discussions is the use of multiple types
of evidence to make claims about chemistry, including evidence related to particulate,
symbolic, and experimental evidence. Analysis of the transcripts provides evidence of the
emergence of classroom social norms to provide reasoning for explanations and for
sociochemical norms that a component of reasoning about new topics include a particulate
level explanation.
The insights gained from this work have implications for how instructors can help scaffold
student reasoning and use of particulate level information in classroom settings. These
insights are not restricted to the teaching of physical chemistry and have the potential to
impact STEM classrooms in college classrooms at many institutions. The long term goals of
STEM instruction should be to have students actively engaged in scientific discourse to
support improved understanding of scientific concepts and development of skills vital to
engaging in science.
References:
Renee Cole, Nicole Becker, Marcy Towns, George Sweeney, Megan Wawro, and Chris Rasmussen, "Adapting a Methodology from
Mathematics Education Research to Chemistry Education Research: Documenting Collective Activity", International Journal of
Science and Mathematics Education (2011) online first. (http://www.springerlink.com/content/m37642217677168m/)
Gilbert, John K.; Treagust, David (Eds.) Multiple representations in chemical education 2009 Springer.
Osborne, J. (2010). Arguing to learn in science: The role of collaborative, critical discourse. Science, 328(5977), 463-466.
Rasmussen, C., & Stephan, M. (2008). A methodology for documenting collective activity. In A. E. Kelly, R. A. Lesh & J. Y. Baek
(Eds.), Handbook of innovative design research in science, technology, engineering, mathematics (STEM) education (pp. 195 215). New York: Taylor and Francis. Rasmussen, C., Zandieh, M., & Wawro, M. (2009). How do you know which way the arrows go?
The emergence and brokering of a classroom mathematics practice. In W.-M. Roth (Ed.), Mathematical representation at the
interface of body and culture (pp. 171-218). Charlotte, NC: Information Age Publishing.
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P2: Accessible STEM Education for Inclusive Outcomes
Bridget Miller, Purdue University
This presentation addresses instructional supports for STEM education, and how it can align
with policy in special education to provide opportunities in STEM for individuals with
disabilities. With the passing of No Child Left Behind (NCLB, 2002), and the reauthorization of
the Individuals with Disabilities Act (IDEIA, 2004) to align with NCLB, teachers are now
required by these federal mandates to provide individuals with disabilities “access to the
general curriculum to the maximum extent possible” (p.5), this includes the areas of STEM.
Beyond just access to the general curriculum, NCLB requires that all school districts report all
students’ progress in reading, science, and mathematics (NCLB, 2002). For students with
significant cognitive disabilities who are unable to take part in state assessments with
accommodations, states are still required to provide alternative assessments that assess
individual performance goals (Spooner, et al., 2011). This makes the call for evidence-based
practices for accessible instruction for STEM related areas for students with disabilities even
more prevalent. Although the term “all” is used in many of these laws and agendas, what is
really meant and what is really being done to support “all” learners? This presentation
addresses the agenda titled,” The case being bold: A new agenda for business for improving
STEM education,” (Hess, Kelly, Meeks, 2011) and how it aligns with the aims of the National
Education Technology Plan (NETP) 2010 (U.S. Department of Education, 2011), and
organizational objectives such as The American Association for Advancement of Science’s
Project 2061: Science for all Americans (1985), and The National Research Council (NRC)
National Science Education Standards (1996) call for science education for all students,
including those with disabilities.
Currently in the field of special education most students with moderate to severe intellectual
disabilities are placed in a functional curriculum (Evans & Fredricks, 1991). The aim of a
functional curriculum is to teach students the necessary skill sets that will benefit them most
post high school; this consists of life skills in the domains of community, domestic, leisure,
and vocational settings (Evans & Fredricks, 1991). With a focus on functional life skills such as
basic hygiene skills, and other domestic skills, this leaves a void in the instruction of STEM.
For students with both cognitive and physical disabilities barriers exist in providing access
and success in the STEM related fields (Collins, Hager, & Galloway, 2011). For students with
more severe physical disabilities, programs such as the American Association for the
Advancement of Science (AAAS) Entry Point program have found success in supporting
students with physical disabilities in overcoming barriers in STEM related areas. Entry Point,
as one example, has introduced a NASA lead engineer, Mr. Marco Midon, who is fully blind,
along with other individuals with physical disabilities as leaders in STEM related fields
(Woods, Stern, & Malcom, 2010). Mr. Midon uses Job Access With Speech (JAWS), a computer
screen reader by Freedom Scientific, to carry on his daily work (AAAS, 2002). Midon is an
extraordinary example of an individual who is able to benefit from assistive technologies (AT)
and succeed in the field of science. Without integration of technology supports these
individuals may not have been able to over come barriers and had the opportunities to make
the contributions to their fields in the ways that they have. Midon is an individual who was
provided access to overcome a physical barrier with technology supports.
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What can we ask of technology in providing supports and access for students with cognitive
disabilities? This presentation discusses integration of current technology into education for
supporting learning for students with special needs, and the research to establish evidencebased practices to help all students “improve student learning, accelerate and scale up the
adoption of effective practices, and use data and information for continuous improvement,” as
stated by the NETP 2010. Funding for assistive technology (AT) and supports is often one of
the barriers for students in obtaining needed resources (Kemp, Hourcade, & Parette, 2000).
This presentation highlights the value of utilizing commercially available technology such as
iPads, and Netbooks for delivering instructional supports (Cihak, Kessler & Alberto, 2008).
Unlike expensive personalized assistive technology devices commonly used in special
education, commercially available devices such as netbook computers, PDAs, iPods, iPads,
and laptops are mass-produced, resulting in lower costs to the consumers (Cihak, Kessler, &
Alberto 2008). Universal design is becoming more common in general technology, making it
both functional and accessible to individuals with disabilities. Use of these commercial
devices such as iPods and netbooks have been successful in initial acquisition, performance,
transition, and maintenance of skills in the functional curriculum (Van Laarhoven et al.,
2009;Cihak, Fahrenkrog, Ayers, & Smith, 2010; Niopoulos & Keenan, 2007) for students with
moderate intellectual disabilities. AT should also be considered to support students in STEM
(Maroney et al., 2003), however the current literature lacks evidence –based practices to
support effective AT supports and instructional practices for students with moderate to
severe disabilities in content areas (Jimenez, Browder, & Courtade, 2010; Knight, et al., 2010;
Spooner et al., 2011).
The aim of this presentation is to share the current research-taking place, by briefly
discussing two studies, currently in the phase of data collection under two Purdue University
Faculty, and share ideas for instructional supports for others to implement into their
programs to provide opportunities for students with disabilities, who face both physical and
cognitive barriers. STEM instruction for students with moderate to severe intellectual
disabilities in special education is limited for several factors. Courtade et al., (2007) suggest
that it is a result of; a) low expectations for the given population; b) lack of instructional
strategies for teaching this population; and c) lack of models for adapting this type of content
for this population. The aim of this presentation is to help address some of these barriers in
the field for providing opportunities in STEM and continue the conversation on how to surpass
them.
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P3: Integrating Graduate Students and their Research into K-12 Classrooms: From
Well-Funded Innovation to Affordable Implementation
Faith Weeks, Purdue University; Amy Childress, Purdue University; Jon Harbor, Purdue
University; Cyndi Lynch, Purdue University
The National Science Foundation has supported GK12 programs at over 200 colleges and
universities since 1999, and the research literature shows that these programs have major
positive impacts on graduate students, K-12 teachers and students. This includes enhanced
communication skills and pedagogical knowledge for graduate students, and increased
interest, role models and curricular materials for teachers and their students. However, to
truly transform a campus for all graduate students, it is necessary to transition from an
externally-funded, STEM-focused program to one that uses modest institutional resources
and that is open to all graduate students. At Purdue University, we are implementing the GK12 model through the Graduate School’s Preparing Future faculty and Preparing Future
Professionals programs to provide graduate students from across campus with a servicelearning opportunity that connects their research to K-12 teaching. Analysis of participation
and participant narratives over the past 3 semesters indicates that this locally-sustainable
program is achieving many of the same outcomes as the NSF-funded program on which it was
based, and is expanding to include graduate students from non-STEM fields. Institutional
resources invested include one graduate fellowship to staff the program, and a small number
of service learning grants. Other universities and colleges, including those that have had one
of the many successful NSF-funded GK-12 program in the past, may choose to adopt and
adapt this approach as part of efforts to transform graduate education in ways that enhance
student’s skills and experience in communication, education, and engagement.
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P4: Literacy through Trilingual and Environmental Education.
Maria Cristina Buitrago de Mai, Fulbright Colombia
In most German schools in Latin America children learn to read and write in German during
their first and second grades with English being added during the third grade. The question
was how to begin the reading and writing process in a second and third language without
negatively affecting the development of the children in their native language and their thinking
processes. The purpose of this study was to create a systematic neuro-linguistic methodology
to be used with first and second grade children in order to provide them with the tools needed
for learning a second or more languages in the future.
The hypothesis I made was: Children who first establish literacy in their native language by
reading and writing for at least four months will then be able to acquire a second language
more easily by integrating auditive, visual and motor skills in an interactive experience in an
environment that incorporates natural elements. A possible solution according to the
hypothesis was: To develop a systematic method for bilingual literacy a with neuro-linguistic,
constructivist , social cultural and environmental focus which begins by developing reading
and writing in the mother tongue. This included creating multisensory learning experiences
which interacted with the natural environment to be used in artistic, written and oral
expression.
Teachers were trained in the use of the new methods, formative evaluation and team teaching
approaches. My expectation was that within six to seven months we would begin to see the
impact of the methodology. Testing was done using one hundred and fifty first grade children
in 2009 -2010 and in second grade with the same group from 2010 - 2011 from the German
School in Bogotá Colombia. The children were in six different classes with 3 different teachers
all trained to use the new method each teaching two classes.
During the first year using this method the results demonstrated that after four months of
Spanish literacy the children were able to begin reading and writing in German across all the
groups in the grade level with little difficulty as was reflected in their grades. The objectives
for the grade level for reading both in Spanish and German were completed by the end of the
school year. Only two students, one with family problems and another with noted development
problems, showed difficulties in reading and writing at the end of first grade. In both cases the
students showed marked improvement by the beginning of second grade.
When the reading and writing process was evaluated at the end of the second year the results
showed an important impact in their second language the students were able to present
written projects in both Spanish and German. One interesting observation was that the
incorporation of nature and ecology into the process allowed the children to develop a positive
attitude concerning the artistic and literary aspects of language. Another observation was that
the role of the parents in encouraging their children to complete the research into ecology and
nature greatly increased the interest in children in learning the topic. The students used the
internet to research and develop topic as well.
From this experience we learned that cultural diversity can be intergraded into topic goals in
order to succeed in bilingual communities. My thoughts about the results of this study
compared to other relevant theories showed that focusing in topics that generate interest in
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children, their reading and writing process can be meaningful, and when using to a second
language they will maintain their interest in the topics and lose their awareness of the
language itself.
Wood, D., Bruner, J., & Ross, G. (1976). The role of tutoring in problem solving. Journal of child psychology and psychiatry, 17, 89100
Mattingly, C., Lutkehaus, N. C. & Throop, C. J. (2008). Bruner's Search for Meaning: A Conversation between Psychology and
Anthropology. Ethos, 36, 1-28
van der Veer, R. & Yasnitsky, A. (2011). Vvgotsky in English: What Still Needs to Be Done Cultura escrita y educacion/ Written
culture and education, Fondo de Cultura Economica USA; 1 edition (December 31, 2007)
Center for Children and Families, The University of Texas at Dallas Bilingual Education in the 21st Century: A Global Perspective,
Wiley Blackwell 2008

Maria Cristina Buitrago de Mai’s participation in Purdue's Transforming Education Conference is sponsored by Fulbright Colombia.
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P5: A Transmedia Model for Scholarly Publication and Collaboration
Sorin Adam Matei, Purdue University
The presentation will introduce a map-based digital data curation, collaboration, publishing
tool suite that unites print, location aware (mobile),and desktop/online publishing. The
platform allows graduate and undergraduate students to interact with each other and with
the instructors. The platform can also be used for coordinating collaboration among
researchers and for disseminating their findings to the public. A distinguishing feature of the
project is the 2D enhanced books, which create analog (paper) interfaces for Internet
resources. An example of such a book is Virtual Sociability, published by the author via
Ubimark and Amazon.com (http://matei.org/url/17s). The platform was deployed via several
projects, including Visible Past (http://visiblepast.net), Ubimark (http://ubimark.ncom) and World
Listening Network (http://ubimark.info). The platform aims to make teaching, scholarly data
collection, management and publishing flexible, collaborative, durable, citable, findable, and
portable across methods of publication, especially hard copy/paper vs.
digital/onscreen/online domains. The project has a global footprint including collaborators
from US, South Africa, France, Romania. The project was featured by the online media and
publications from many countries (Switzerland, Spain, Germany, UK, United States, Peru,
Italy, Singapore, United Sates). The long term goal of the platform and of the project is to
empower researchers and students interested in communicating more productively, in
collaborating as virtual teams, or in disseminating their findings in the most efficient and
rapid manner.
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P6: Exploring the Transformative Nature of Engineering Education Proposals
Ann McKenna, Arizona State University; Stephanie Gillespie, University of Miami; Russell
Pimmel, National Science Foundation
Governmental, corporate and non-profit organizations have been calling for transformational
change in science, technology, engineering and mathematics (STEM) education in the U.S. for
many years (e.g., Boyer, 1990; Boyer Commission on Educating Undergraduates in the
Research University, 1998; Cicerone, et al., 2010; Jamieson & Lohmann, 2009; National
Research Council, 1999b, 2003a, 2003b, 2007, 2010; National Science Board, 1996; National
Science Foundation, 1996). Consistent with recent calls for transformation and in recognition
of the need for new approaches to facilitating widespread adoption of more effective
approaches to teaching and learning in STEM fields, the Division of Undergraduate Education
(DUE) at the National Science Foundation (NSF) recently changed the name of the Course,
Curriculum and Laboratory Improvement (CCLI) program to Transforming Undergraduate
Education in Science, Technology, Engineering, and Mathematics (TUES). The revised program
places greater emphasis on projects that have potential to transform undergraduate STEM
education. Accordingly, program review criteria were modified; specifically, two additional
criteria were added (1) propose materials, processes, or models that have the potential to
enhance student learning and to be adapted easily by other sites and (2) involve a significant
effort to facilitate adaptation at other sites (NSF solicitation 10-544).
This presentation will report findings from our study that analyzed proposals submitted to
NSF’s CCLI program for the Phase/Type 1 deadlines of 2005 and 2009. The goal of this study
was to characterize the nature of CCLI proposals in order to determine a baseline for
examining the potential effect of the recent name change in the solicitation to Transforming
Undergraduate Education in Science, Technology, Engineering, and Mathematics (TUES). The
name change was made to emphasize interest in projects that have the potential to transform
undergraduate education in STEM fields. Therefore, we were interested in how, prior to the
name change, the community conceived of what is necessary to make educational
improvements and how investigators operationalized this through their project’s proposed
activities.
We selected Phase/Type 1 engineering CCLI proposals, analyzing all funded proposals in 2005
and 2009, and selected a random sample of non-funded proposals for comparison purposes.
The percentage of proposals analyzed each year was consistent and represents
approximately 30% of submissions received that year. Furthermore, since our sample
included approximately 200 proposals, we coded and analyzed data only from the Project
Summary. Results showed statistically significant differences between funded and nonfunded proposals in line with several “transformative” categories taken from the literature as
well as based on the TUES review criteria of intellectual merit and broader impact. In addition,
we found statistically significant differences in several categories between proposals
submitted in 2005 and 2009. This presentation will report these findings and illustrate how
proposals submitted to the CCLI/TUES program align with various aspects of educational
transformation discussed in the literature.
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P7: Innovation in Manufacturing Education
Henry Kraebber, Purdue University; Shirl Donaldson, Purdue University
The USA is facing a competitive crisis that has been documented by the National Academies in
the 2007 landmark publication "Rising above the Gathering Storm: Energizing and Employing
America for a Brighter Economic Future.” Manufacturing education is very important to the
United States. Effective manufacturing education to meet the competitive demands of the
future will require innovative solutions. Developing manufacturing education programs that
will help the USA continue to lead the world in manufacturing will require people who
understand the manufacturing body of knowledge and who can provide innovative ways to
interest and engage future students.
Work during the past several months by the SME Education Community has produced a
graphic picture of the manufacturing engineering body of knowledge known as the “Four
Pillars”. The Pillars detail four fundamental areas of knowledge that support the product
producing enterprise: materials and manufacturing processes; product, tooling and assembly
engineering; manufacturing systems and operations; and manufacturing competitiveness.
The pillars are set upon the solid foundation of mathematics, science, and the skills of
personal effectiveness. Overarching the pillars are the critical elements of metrology, SPC,
problem-solving, factor analysis, capability analysis, reliability, continuous improvement and
field service.
This paper will discuss manufacturing education and the “four pillars” model of the
manufacturing engineering body of knowledge and presents a map of courses offered by the
Departments in the College of Technology that deliver manufacturing related topic. The
expanded version of the four pillars graphic is a tool that can be used to design and plan
academic programs. Manufacturing education programs may include manufacturing in their
name, or may be included in other disciplines or in programs that have strong connections to
manufacturing topics. Purdue University and the College of Technology in particular are used
in an example of how the graphic of the four pillars can be used to evaluate manufacturing
programs, identify gaps in the topic coverage and demonstrate the opportunity for other
technical disciplines to include more manufacturing related course options and electives in
their plans of study. A new vision manufacturing education is needed for the future. One key to
future success is the development of critical thinking and innovation skills in both educators
and students. These skills include problem solving, teamwork and collaboration, life-long
learning, technical and engineering fundamentals and effective communications. We need to
develop our faculty and students’ ability to develop unified education plans, collaborate
internally and externally, engage constituents, and connect the pieces in new ways. Innovation
is the key to future success.
People enter manufacturing companies from many disciplines besides manufacturing
engineering or technology. There is not enough room in the plan of study of most of the other
disciplines to address the broad content included in the four pillars of manufacturing
education. A map of classes to the four pillars can be used to illustrate course choices that
can lead to specializations, concentrations or minors in manufacturing that will complement
other degrees and disciplines. It is hoped that this additional recognition of the importance of
manufacturing related to the other disciplines will encourage more students to supplement
their plans of study with manufacturing classes.
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Key Issues and Questions to be addressed: What can be done to attract, enroll, and retain
students into manufacturing education programs? • Active promotion of manufacturing career
opportunities to prospective students • Proposal of alternate pathways into a minor, a
concentration, or a group of manufacturing courses from related majors in Technology,
Engineering and Management • Actively support and participate in SME promotional activities
including the CareerMe, MyCareerMe websites. What can be changed in manufacturing and
related programs that will enhance manufacturing education? • Support new and innovative
course and curriculum designs •New undergraduate and graduate level programs,
certificates, concentrations • Radically redesign to create a path to a degree in three calendar
years • Redesign the current manufacturing plan of study to enable students in other
programs to take more manufacturing courses. • National best-practices and content
supporting manufacturing education • Promote the importance of manufacturing in other
disciplines and encourage students in other programs to take courses in manufacturing… •
Promote course pathways that support interests and careers more friendly to women and
minorities • Change from promoting “Manufacturing Jobs” to “Make a Difference” careers! •
Promote new education program connections to the “Four Pillars” of manufacturing
engineering: Materials and processes; Product tooling and assembly; Manufacturing systems
and operations; and Manufacturing competitiveness. • Develop stronger links to our local
industry professionals and to our professional societies o Develop links the SME
manufacturing education body of knowledge, technical certifications, and ToolingU
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P8: Skatepark Mathematics: Making Algebra and Geometry Relevant for High School
Students
William H. Robertson, The University of Texas at El Paso
Getting high school students to enjoy mathematics and to see the connections of concepts in
Algebra and Geometry in their daily lives is a challenge for many educators and teachers. As
part of a weeklong mathematics summer enrichment program held in the summer of 2010 in
Waco, Texas at Baylor University, a total of 85 students participated in a unique set of
activities designed to integrate mathematics concepts and skateboarding. In the spring of
2011, this was expanded to three high schools in El Paso, Texas and involved over 500
students. The student-centered “Skatepark Mathematics” demonstrated innovative and
creative ways to engage students in the content and skills required for high school students in
geometry and algebra.
This effort was designed to create positive associations and experiences in mathematics for
at-risk students or those deemed academically at risk. The necessity of fostering better
attitudes and creating better experiences in the field of mathematics for these students is
clearly evident in the disparity of math attitudes and skills currently present within the urban,
public education arena. In addition, the program is designed to engage the students in critical
thinking strategies and to strengthen their basic mathematical skills, as well as build the
students' confidence and understanding in mathematics.
As a focus for Skatepark Mathematics, the students were immersed in a series of activities
directly related to Dr. Skateboard’s Action Science, which is a curriculum supplement that
integrates both skateboarding and BMX. The main emphasis is to link the concepts of science
to action sports and to engage students in the exploration of science in a real world context.
The term “action science” can be defined as the use of familiar objects, circumstances and
situations within the lives of students in order to explain specific concepts in science built
around student interests, including action sports like skateboarding and bicycle motocross
(BMX).
As the events were lived out with the students, the use of a constructivist framework set in the
context of an activity like skateboarding proved to be of great interest and impact with the
students. Not only were students engaged, but participated actively in deepening their own
understandings of concepts in algebra and geometry. The experience for the high school
students integrated the 5Es of Constructivism, Action Science and Skatepark Mathematics
into an educational student-centered learning experience. Establishing a relevant and
relatable connection to content is critical in gaining student interest and increasing
motivation in classroom topics, especially in the areas of mathematics and science. For high
school students, this is often a critical point that comes at the beginning of a lesson or
program, in which they quickly decide if they will actively participate or withdraw from
instruction. In a constructivist framework, the exploration phase should provide students with
a common base of experiences and build on the aspects of the engagement activity directly.
The students also need to identify and be encouraged to develop concepts, processes, and
skills based on an open-ended approach in which students actively explore their environment
for learning, in this case, the skatepark. Exploration experiences in this manner rely on
establishing real world connections, using materials and technology for hands-on interactions
as well as providing a common base of experiences from which to grow and learn.
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Next, the explanation phase helps students uncover the content surrounding the concepts
they have been exploring. Students should now have opportunities to verbalize their
conceptual understanding, to encounter new content material or to demonstrate new skills.
This phase also provides opportunities for teachers to introduce primary content materials
such as formal terms, definitions, and other content information. The implementation of this
phase provides the learner with opportunities to identify skills and behavior in order to both
experience and discover content that may be useful in context. The explanation phase should
also allow students to develop skills and behaviors that will help them be successful in their
learning. Students, like revolutionary scientists, need experiences that help them to develop
new views and make better sense of their world. Learning is the responsibility of the learner,
but the teacher guides the student into developing meaning from content material and
classroom experience. Communication from and between multiple peoples and perspectives
is important and vital to learning.
The elaboration phase was designed to extend students' conceptual understanding in areas
of skills and behaviors, and to deepen and broaden their content knowledge. In a
constructivist framework, the educator provides opportunities in which learners can practice
and refine their skills and behaviors in authentic contexts. Students are also given multiple
opportunities in order to deepen and broaden their knowledge base and integrate that
knowledge into their conceptual understandings and actions, both inside and outside of the
classroom. This instructional strategy allows the student to spend time exploring and
explaining the process, with time for reflection and numerous experiences upon which to
synthesize information.
The evaluation phase requires learners to assess their own understanding and abilities as well
as allowing the teacher to evaluate students' understanding of key concepts and skill
development. As such, students learn to assess their own abilities, identify areas of mastery
that they now possess, as well as strengthen developing understandings and abilities. This
provides opportunities for the teacher to evaluate students’ performance of new knowledge
integration through presentations or demonstrations. Students can peer-review the work of
others, share their own work and get feedback from others and also self assess their work
based on strengths and areas that need to be strengthened. The important point is that the
learner looks to understand what they know and defend that construction of knowledge so the
teacher and experts in the field accept that it is conceptually correct.
By engaging, exploring, and explaining the content in relevant terms and experiences, the
students were then able to elaborate on their skills and understandings by experiencing more
activities that were directly connected to their various interests. Finally, students evaluated
their own conceptual understanding by reflecting on the activities associated with Skatepark
Mathematics.
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P9: Purdue University Offers Interdisciplinary Courses in Homeland Security
J. Eric Dietz, Purdue Homeland Security Institute; Steve Riedel, Purdue Homeland Security
Institute
Purdue University’s homeland security program supports individuals already engaged in
Homeland Security professions in addition to training the next generation of emergency
managers. The goal of this effort has been to educate students on the common approaches to
the practice of Homeland Security while providing opportunities for in-class instruction and
more applied field opportunities. With an interdisciplinary teaching focus and emphasis on
practical application, the curriculum is open to all graduate students interested in pursuing a
career in homeland security all while integrating knowledge of Homeland Security issues into
their own academic or professional pursuits. A team of professionals with experience in
various facets of Homeland Security and emergency management lead the two-course
sequence and facilitate out-of-class learning by engaging students with guest lectures and
industry representatives.
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P10: Innovations in Pedagogical Approaches to Overcome Barriers to Interdisciplinary
Education
P. Suresh C. Rao, Purdue University; Heather E. Gall, Purdue University; Linda S. Lee, Purdue
University; Bryan Pijanowski, Purdue University; Demetra Evangelou, Purdue University
A significant challenge within interdisciplinary engineering education centers around the
observation that engineering students, on the one hand, have limited scientific knowledge to
interpret numerical solutions, while science students generally lack the technical skill sets to
pursue answers to their questions and hypotheses. In environmental and ecological science
and engineering, the ability to explain the implications of an answer is arguably more
important than the process of obtaining the answer itself. Therefore, within interdisciplinary
courses the need to establish a learning environment that promotes collaboration and
discovery among students and mentors with different knowledge and skill sets is both
appropriate and highly desired. To date, traditional instructor-centered pedagogical
approaches generally struggle to accommodate disciplinary differences among learners.
Within these frameworks it is typical for instructors to guide students towards single,
convergent thought processes, rather than take advantage of variations to emphasize diverse
paths towards engineering solutions.
In order to enhance learning opportunities and overcome barriers in interdisciplinary courses,
we have implemented innovative classroom structural organizations. Specifically, we have
utilized principles of active student-centered learning and peer tutoring (Prince and Felder,
2006; Prince, 2004; Felder and Brent, 1994) to create a hierarchical mentoring and
collaborative learning environment both in undergraduate and graduate courses in
interdisciplinary curricula focused on environmental and ecological science and engineering.
Current research on education and learning strongly emphasize the importance of active
learning, indicating that student-centered teaching helps students to learn better by building
metacognitive skills, thereby allowing students to become successful at learning
independently (National Research Academy, 2004). Additionally, such a learner-centered
teaching approach has been found to generate more student interest in course material and
to elevate the retention level of learned material (Elshorbagy, 2005). Research findings also
indicate that significant learning and self identity development occurs during interaction with
others, therefore suggesting the need to integrate team work into classroom activities (Johri
and Olds, 2011). Smith et al. (2005) emphasize that successful cooperative learning groups
employ “positive interdependence” to ensure that each student in a team is mutually
accountable for the team’s end result. Therefore, the manner in which an instructor executes
cooperative and problem-based learning is critical to its success.
Several researchers (e.g., Smith et al., 2005; Duderstadt, 1999) have called on faculty
members to turn away from traditional teaching roles and methodologies and instead create
an engaging, fulfilling, and interesting environment for students. The practices we have
implemented based on these research findings include (1) peer-to-peer mentoring among
small teams of undergraduate students to complete team projects; (2) graduate students
mentoring the undergraduate teams and conducting synthesis and integration activities
across teams; as well as involve (3) multiple instructors with diverse training, expertise, and
backgrounds who coordinate the overall course activities, including lectures, collaborative
sessions, and class projects. With regards to assessment we employ a formative framework in
which student input and evaluations generated throughout the semester provide
opportunities to monitor the effectiveness of the various approaches, update course
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objectives, and continue to emphasize collaborative learning. These processes have been
employed in several courses over the past five years and have involved several faculty, two
postdoctoral researchers, several graduate students, and approximately 200 students.
This approach within multidisciplinary engineering education is both multi-dimensional, and
hierarchical taking into consideration important principles of classroom based learning in
order to achieve the following goals: (1) integrating scientific knowledge and engineering skill
sets; (2) establishing an intellectually encouraging environment for students to develop and
strengthen leadership skills, presentation skills, and critical thinking skills; and (3) inspiring
students to embrace diversity, work in teams, and approach interdisciplinary problems with
an open mind. We propose that our framework creates a reliable method to gauge student
development and learning in these courses because it promotes higher order cognitive
abilities of problem solving and critical thinking skills and deemphasizes traditional “plug and
chug” approaches where the tendency is to test students based on simple recall and
application. In this work, we describe our process with reference to contemporary educational
research based practices as well as argue for their use in interdisciplinary engineering
education.
References:
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P11: Measuring What Students Know: Misconceptions and Concept Inventories in
Chemistry
Stacey Lowery Bretz, Miami University
Chemists continue to engage in pedagogy and curriculum reform, yet struggle to measure
student thinking about concepts. This presentation will describe a program of research to
design concept inventories across the disciplines of chemistry. The design of these measures
is grounded in learning theory and challenges students to articulate their understanding
across multiple representations. This research has also raised challenges to traditional
measures of reliability and validity, resulting in a new suite of tools for use in concept
inventory development.

P12: Novel Research Community at the High School Level
Sophia Gershman, Watching Hills High School and Princeton Plasma Physics Laboratory
This work discusses the implementation of STEM education in the form of structured
research experiences extended to undergraduate and high school students. These
experiences have the potential of having national and international impact and they are
supported through national and international competitions such as Seaman's and Intel
competitions that involve hundreds of thousands of students from around the world.
Research experiences are currently available to graduate students and select undergraduate
and high school students. This group benefits from their participation in the scientific
community with younger, less informed students participating in more limited, less creative
ways.
A new program is described that allows high school students to initiate their research, to
develop and pursue their own scientific interests. The early data shows the enrollment growth
of about 50% and high levels of retention of both male and female students in the science and
technology fields. The key reasons for the success are discussed including the necessary
characteristics of mentors as highly skilled researchers and educators. A process is
suggested that would allow a wide expansion of this program into other schools and
communities.
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P13: Hotseat: Student Engagement in the Age of Cell Phones and Social Media
Kyle Bowen, Purdue University
Among typical faculty concerns are students who bring mobile devices such as laptops,
netbooks, tablets, and smart phones to class; faculty are concerned that students may use
these devices to ignore course content or distract fellow students. Another concern is large
lecture management: how can an instructor lead a discussion, answer questions, keep control
of the class, and stay within the constraints of a typical class period? A third concern for
instructors is identifying and efficiently answering common questions about course structure,
assignments, tests, and deadlines. Faculty may see the benefits of thoughtful collaboration
via popular social media tools, but struggle to capture analytics necessary to evaluate the
effectiveness of its use.
Hotseat, a mobile Web application developed at Purdue University, addresses these concerns
by enabling students to use mobile devices as a way to participate in class-related discussion.
In practical use, instructors provide a question, comment, or framework and students
contribute a short response using most any mobile device. Students can also choose to
submit their ideas via Twitter, by using a hash tag provided by the instructor, or using the
Hotseat Facebook application. Students may also choose to post their ideas anonymously removing their name from view and reducing inhibitions related to asking questions or
providing the wrong answer. The display of student responses, or 'thoughts' as they are called
within Hotseat, is automatically updated as they they are submitted by the class. Students
can read, vote and comment on posts by other students - identifying common questions or
areas of discussion.
Access to Hotseat is based on course enrollment, and students are authenticated using their
standard university login and password. In this way, Hotseat provides a short form of text
messaging or microblogging that can be leveraged in a stable, class-specific, easily accessible
space. From a pedagogical standpoint, Hotseat is a departure from the traditional lecture
model in its focus on students and empowering them to connect with the instructor and each
other in a familiar informal environment. By using Hotseat, instructors take the role of both
facilitator and guide.
Deployment for both Fall and Spring semesters will include gathering research on how it is
used in class, student perceptions, instructor perceptions, and additional information
described in the outcomes section. This presentation includes data from Fall 2009, and Spring
2010 semesters, which represents a wide variety of courses including more than 3,000
students. Data will include quantitative measures of student participation in the tool,
including both usage (posts, replies, and votes) and content (the posts themselves), results
from student surveys about the tool and mobile device use, classroom observation data, and
feedback from instructors using the tool. Student performance in the course, including the
student grade for the course in which Hotseat is used will also be part of the planned data set.
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P14: i8: Innovation Through Design of Toys
Karthik Ramani, Elkin Taborda, Senthil Kumaran, Purdue University
ME444 was developed about 20 years ago as an innovative approach for teaching ComputedAided Design (CAD) and prototyping to Mechanical Engineering students. Around 2400
students have seen the benefits of this experience. The evolution of the course in the past was
directed especially towards developing a “self-paced” CAD learning content for students, as
well as towards using the instructors’ knowledge to integrate CAD based methods into the
course. The course was application-oriented in that the students learned CAD concepts, and
applied them to a course project to design an “action toy” with significant geometric and
mechanical complexity. Both these complexities of the toys have continued to increase during
the evolution of the course. With a strong need to address innovation proactively in both, the
economy and students’ capabilities, we have been transforming ME444. We are embedding
new learning on “design thinking” and “doing”, enabling students to be creative and innovative
designers with strong engineering skills.
The i8™ framework is the engine for innovative design thinking. i8™ stands for Inspiration,
insight, ideation, imagination, iteration, implementation, impact for INNOVATION. In a
globalized and competitive world, new engineers need better frameworks that can make use
of tools such as CAD. But CAD tools alone cannot make innovative designers. This is why new
engineers cannot ignore the importance of innovation and experience and practice design
thinking, combining play and imagination with engineering design. Albert Einstein said: “We
can't solve problems by using the same kind of thinking we used when we created them”. If
current problems have been created by over-structured design processes, and tools like CAD,
we should probably look for solutions by injecting child-like thinking through flexible
processes and imaginative tools, in the form of PLAY. Play used as a part of i8™ framework is
critical for imagination and creating a future that does not exist.
Our students are aware that CAD has become a fundamental tool for engineers in industry.
This is one of the reasons for the popularity of the class. However, almost every engineering
school, not only in the country but around the world, is providing students with this important
knowledge. Also, CAD has to be used at the right time in the design process. Researchers have
pointed out some potential risks of using CAD software, for example circumscribed thinking,
premature fixation, and bounded ideation. In other words: CAD could become an innovation
killer if designers are not trained carefully to avoid these risks and if they do not have other
skills to complement the CAD process. This means being proficient in CAD is not enough to
become an outstanding engineer for the future, the “Imagineer”.
The challenge is now to provide students with modern computational tools, avoid the potential
risks of their inappropriate use, and yet add value to design through innovation. Our design
team decided to re-design the ME444 course, applying the i8™ principles, and in turn
informing the i8™ framework. Inspiration from other courses on innovation and results from
research on engineering education, design education and cognitive sciences was an important
starting point. Our approach empowers the students with frameworks for play, value-based
innovation, and creation of concepts using the language of the designer: freehand sketching,
at the appropriate times in the design process. This basic approach in developing a new
language for design for engineering, using free-hand sketching, has the capacity to address
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the potential problems of CAD, and to create an imaginative thinking using better spatial
visualization of designs that do not exist.
Although well-known and recognized as a basic tool for engineers, freehand sketching or the
“mind’s-eye” is an ability poorly developed in engineering students. It is taught in contexts that
do not allow them to see this as a way of thinking about designing, but only as a way to learn
current CAD frameworks better, such as in technical graphics. However, in disciplines such as
Architecture and Industrial Design, freehand sketching is taught as a means for problem
solving, idea generation and concept generation. For engineers, most of the time, concepts
such as perspective sketching have become just an old fashioned way taught before CAD.
Thus, the engineers’ creativity can be increased by helping them learn a new way of freehand
sketching, build it into their experiential design process, such as toy design, so they have
hands-on experience for designing and thinking. This new imaginative engineering and design
learning space for all of the i8™ processes to ‘flow’, along with sketching, is the new ME444.
Some aspects of freehand sketching have been identified and tied together in an easy to
understand way. Application of perspective, expressing motion, understanding of “soft pencil”
sketching and construction of complex shapes using primitives are a short list. Dedicated
workshops have been designed to provide these tools to students and contents have been
carefully interwoven into the class timeline. The goal is to create a complete set of methods
and frameworks that are abstract, but also connected to toy design, in the i8™ environment.
This way of situated learning will cultivate in them an imagination that can be applied in new
contexts much beyond toy design. Our course is a flow of experiences that will enable
students to transform their imaginations in service of innovation, thus transforming their
ideas to have impact. A previous pilot experience suggested this was the way to go, but the
complete approach is currently being implemented for the first time. We are glad to show you
what we are doing now and expecting for having feedback and data which validates those
hypothesis by next year.
Redesigning a successful course is based on the principles of how students learn. Motivation
in its different forms is key in earning the attention of students. Retention it is most likely to
happen once people are motivated and drawn to pay attention to new points of view. Finally,
reproduction of this new knowledge and application of the i8™ framework is expected to be
visible in the final outcome of the class: the toy.
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P15: Design Frameworks for Innovation in Engineering
Karthik Ramani, Fnu Vinayak, Purdue University
BACKGROUND
The Innovation: The core contributions to help students learn design broadly are embedding of
innovation and creativity in a novel dual level technical elective for product and process design
(ME553) which includes an engineering professional continuing education distance
component. This initiative has continuously infused design thinking to conceptualize, develop,
and prototype high impact concepts into students design capabilities and practice. This
course has a very high impact both on and off-campus and built innovation capacity among
his students. A particular contribution is methods for opportunity identification and problem
definition, which is a very important skill for innovation. The impact of these ideas have so far
reached over 600 students, with roughly 60 students taking this elective each year.
The current efforts are directed towards building a team that is engineering design innovation
centered within the School of Mechanical Engineering for senior design projects. Over the past
few years, academic institutions have become aware of the importance of innovation in
education, as well as its broader role in strengthening the economy. Both creativity and
innovative thinking are not easy to teach in the classroom, but they can be developed by
practice and experience. Evaluating innovation as a part of product design courses has thus
become very important to increase the probability of students becoming innovators in the real
world.
Rationale: Innovation has been the key to America’s success for more than a century.
Scientific and technological innovations have fostered our economic and social prosperity for
the previous two centuries, accounting for nearly half of the economic growth in the U.S. in the
last 50 years. Innovation is now recognized as "the single most important ingredient in any
modern economy”. Global competition is redefining the process of innovation, and the
competitive advantage that the U.S. had over the world is being challenged. There has never
been a clearer imperative to improve the innovative and entrepreneurial mindset of U.S.
college graduates, particularly in engineering. Unfortunately, creativity - an important
precursor to innovation - appears to be on the decline in the U.S. In addition, many students
do not view engineering as a field of study for "creative types”. This is especially true
considering how engineering is "marketed". We need to rethink how we attract and educate
engineers to support the technological and social innovations that are needed to address the
many complex global challenges and problems.
VISION
To address these challenges, we created a platform for building innovative capacity in
students while they are learning and having fun.
Objectives: Our approach to developing a series of successful and entrepreneurial initiatives
are informed by a strong framework we have developed over the past two decades. They are
described below in understanding, studying and developing strategies for making them
innovative through implementation and assessment. The operational definition of innovation
for the purposes of student design projects we used is: "Innovation is a new match between a
need and a solution. The novelty can be in the solution or the need; or in a new marriage
between both existing need and solution”.
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1. Understand what makes engineers innovative: Our educational research in the School of
Mechanical Engineering was enabled by the encouragement and support of ME alumnus Tom
Mallot through the innovation awards. The collaborative findings suggest that engineering
specific skill development may be overemphasized and in addition providing more breadth of
knowledge is more valuable for engineering innovation. However, some interpret the breadth
as "watering-down," which in our view is not a trade-off. Such differences suggest that what
the faculty perceive as critical may differ from what the "real world" needs, and there are
opportunities to engage industry and students differently about what is essential in the world
of innovative work.
ME553, which is also a distance component vastly successful in industry, supports
distributed infrastructure partly using a Wiki to help students develop opportunities into
viable, feasible and desirable product concepts. We have published our research on
mechanisms that are operative when the social distance is higher in teams with noncollocated students such as reflective thinking and shared understanding. We also have
developed a global component for ME553 projects where the teams work with others in
Netherlands (Delft), Colombia (EAFIT), South Africa, and India (IIIT) in distributed teams. The
teams develop product concepts at the interfaces of ubiquitous computing and a social
context and also a prototype for testing.
2. Study how engineers learn to be innovative, which will help identify the pathways students
take to become innovative as well as the barriers that hinder innovation in academia. Recent
work by our collaborators has shown that everyone rated intrinsic motivation and divergent
thinking ability among the top five attributes of innovators, and all groups considered early
stage creativity skills essential. This strongly suggests that educators should emphasize
problem and opportunity recognition in their courses. By holding innovation tournaments, we
are striving to develop innovative design thinking in students and while they gain practical
application experiences in the context of design projects. Understanding design innovation at
a deeper level in the context of student project is critical to develop a realistic perspective of it
among students. Determining the appropriate dimensions for understanding and measuring
innovation is one of the objectives of his current efforts.
3. Develop strategies to make engineers more innovative, which will create robust and reliable
corridors via educational synergies with industry and local, state, and national partners. The
overall strategy is to use the emerging platform of 6400 square feet of design project space in
the new Gatewood Wing of Mechanical Engineering as a platform for research in design
innovation. As part of this work, they have paired engineering design (ME553 and senior
design projects) with social science/organization behavior and communication studies
courses, respectively, to examine the impact of innovation networks on the process of
innovation. Taking an interdisciplinary research approach, the teams sociologically focused
work will complement the research in engineering design processes by exploring the
consequences and capabilities of the social and organizational contexts surrounding the
design and development of products and services.
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Keynote Speaker
Tuesday, October 11, 2011
7:00 p.m.

North Ballroom, Purdue Memorial Union

A Scientific Approach to Science and Engineering Education
Carl Wieman, Ph. D
Associate Director for Science
The White House Office of Science and Technology Policy

Guided by experimental tests of theory and practice, science has advanced rapidly in the past
500 years. Guided primarily by tradition and dogma, science education meanwhile has
remained largely medieval. Research on how people learn is now revealing how many
teachers badly misinterpret what students are thinking and learning from traditional science
classes and exams. However, research is also providing insights on how to do much better.
The combination of this research with modern information technology is setting the stage for a
new approach that can provide the relevant and effective science education for all students
that is needed for the 21st century. I will discuss the failures of traditional educational
practices, even as used by “very good” teachers, and the successes of some new practices and
technology that characterize this more effective approach, and how these results are highly
consistent with findings from cognitive science.
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Wednesday Schedule of Events
October 12, 2011

7:15 a.m.

Breakfast, North Ballroom, Purdue Memorial Union

8:15 a.m.

Panel of University leaders: How to Lead and Facilitate Institutional
Change, North Ballroom, Purdue Memorial Union
Moderator: A. Dale Whittaker, PhD, Vice Provost for Undergraduate
Academic Affairs, Purdue University
Panel Members:
Daniel Hastings, PhD, Dean for Undergraduate Education,
Massachusetts Institute of Technology
Moses Lee, PhD, Dean of Natural and Applied Sciences, Hope College,
Michigan
Michael McManus, PhD, Dean of Academic Programs, University of
Queensland, Australia
Robert McMaster, PhD, Vice Provost and Dean for Undergraduate
Education, University of Minnesota
John Squires, Department Head, Mathematics, Chattanooga State
Community College

11:00 a.m.

Conference concludes

12:00 p.m.

Optional Tours: (no charge)
Discovery Park
Neil Armstrong Hall of Engineering
Registration requested for tours.
We will meet in the hallway outside the North Ballroom at 11:45 a.m. and
depart for the tours.
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Panel Moderator
A. Dale Whittaker, Ph.D.

Vice Provost for Undergraduate Academic Affairs, Purdue University
A. Dale Whittaker leads undergraduate education, admissions, enrollment
management, academic planning, program evaluation, and general academic
policy development and implementation.
Among other duties, he helps guide student access, transition and success
programs, academic program development, the Center for Instructional
Excellence, the Oral English Proficiency Program, the University Honors Program,
the Entrepreneurship and Innovation Certificate Program, and the
Undergraduate Studies Program. He is also liaison for curricular changes
affecting multiple colleges.
"Dale brings experience as both a scholar and administrator to this key position," Provost Tim Sands
said. "He has worked on expansion of academic programs and student services in the College of
Agriculture and will bring that experience to this job. And he's committed to helping Purdue strengthen
its position as global leader going forward."
Whittaker said, "This is a challenging and exciting time for Purdue. Capacity has been built, excellence
is recognized, a can-do culture exists. It is imperative that we continue to enhance our reputation for
quality academic programs. I'm honored to be part of that effort."
Whittaker, who has master's and doctorate degrees in agricultural engineering from Purdue, has been
with the university in his current roles since 2002. He came to Purdue after 15 years at Texas A&M
University.
He has been involved in numerous college- and university-wide committees. He has worked with the
state and other state-supported universities to develop courses that introduce college-bound students
to the science of agriculture. And he has collaborated with Ivy Tech, Vincennes University and the
Commission for Higher Education to develop associate programs in agriculture that transfer to Purdue
or meet work force needs.
Whittaker helped raise funds and develop a College of Agriculture student center that provides tutoring,
career development and programs for first-generation and high-need students.

UNIVERSITY FACTS: Purdue University

Purdue University is a coeducational, state-assisted system in Indiana. Founded in 1869 and named after
benefactor John Purdue, we are one of the nation's leading research institutions with a reputation for
excellent and affordable education. We are accredited by the Higher Learning Commission of the North
Central Association of Colleges and Schools.
Our West Lafayette campus offers more than 200 majors for over 30,000 undergraduates, over 70
master’s and doctoral programs for 7, 980 graduate students, and professional degrees in pharmacy and
veterinary medicine for 910 students. Our total enrollment was 39,726 in 2010. In addition, we have 18
intercollegiate sports teams and more than 850 student organizations.
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Panel Members
Daniel Hastings, Ph.D.

Dean for Undergraduate Education, Massachusetts Institute of Technology
Daniel Hastings is Dean for Undergraduate Education and a Professor of
Aeronautics and Astronautics and Engineering Systems at the Massachusetts
Institute of Technology. Dean Hastings, who earned a Ph.D. and an S.M, from MIT
in Aeronautics and Astronautics in 1980 and 1978 respectively, received a B.A. in
Mathematics from Oxford University in England in 1976. He joined the MIT
faculty as an assistant professor in 1985, advancing to associate professor in
1988 and full professor in 1993. As Professor of Aeronautics and Astronautics &
Engineering Systems, Professor Hastings has taught courses and seminars in
plasma physics, rocket propulsion, advanced space power and propulsion
systems, aerospace policy, technology and policy, and space systems engineering. His teaching has
ranged from freshman classes to doctoral seminars.
His research has spanned five areas. He has worked in laser material interactions, fusion plasma
physics, spacecraft plasma environment interactions, space plasma thrusters and space systems
analysis and design. He has published over 120 papers and written a book on spacecraft environment
interactions. He has chapters in several other books. He has won four best paper awards and has
supervised twenty PhD students. Professor Hastings is a Fellow of three professional societies, the
American Institute of Aeronautics and Astronautics (AIAA; for his work on spacecraft plasma
environment interactions), the International Astronautical Federation (IAF; for his work on Space
plasma thrusters effects) and the International Council on Systems Engineering (INCOSE; for his work
on Space systems analysis and Engineering Education). He has won several national awards including
the Air Force Exceptional Service Award in 2008, the QEM Giant in Science Award in 2005, the NRO
Distinguished Civilian Award in 2003, the AIAA Losey Award (for his work on Spacecraft plasma
environment interactions) in 2002, the National Guard Bureau Eagle Award in 1999 and the Air Force
Distinguished Civilian Award in 1999 & 1997. He has significant senior National Service having served
on the NASA Advisory Council, the Air Force Scientific Advisory Board (including 3 years as chair), the
Defense Science Board and the National Science Board (Presidential Appointment, Senate confirmed).
He is currently on the Intelligence Science Board where he is a co-leader of a study on S&T
management processes.
He has also served on several ad-hoc committees on space technology and space systems acquisition.
He also served as Air Force Chief Scientist from 1997-1999 where he advised the Air Force Chief of Staff
and Secretary of the Air Force on strategic issues of science and technology. He served on the board of
the Aerospace Corporation and chaired both the IR&D committee and the Technical committee. He has
served on several NRC committees including the Aeronautics and Space Engineering Board and the
Government University Industry Interactions Roundtable. He has worked on national committees on
Engineering Education including the NAE Board on Engineering Education and the NAE Engineer of
2020 study. He was the co-lead of a study on engineering education while serving on the National
Science Board.
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He has very substantial experience as an academic administrator having served as the associate head
of the MIT Department of Aeronautics & Astronautics, the head of the MIT Engineering Systems
Division, the head of the MIT Technology and Policy Program and is currently serving as a senior officer
at MIT in the role of Dean for Undergraduate Education. He has served on the Engineering Council at
MIT (the group of all the Engineering heads) and is presently on the Academic Council at MIT (the
President’s Cabinet).

UNIVERSITY FACTS: Massachusetts Institute of Technology

Massachusetts Institute of Technology – a coeducational, privately endowed research university – is
dedicated to advancing knowledge and educating students in science, technology and other areas of
st
scholarship that will best serve the nation and the world in the 21 century. The Institute has more than
900 faculty and 10,000 undergraduate and graduate students. It is organized into five Schools –
Architecture and Planning, Engineering, Humanities, Arts, and Social Sciences, Management, and
Science – and the Whitaker College of Health Sciences and Technology. Within these are thirty-three
degree-granting departments, programs, and divisions. In addition, a great deal of research and teaching
takes place in interdisciplinary programs, laboratories and centers whose work extends beyond
traditional departmental boundaries. Forty-seven alumni, faculty, researchers and staff have won Nobel
Prizes.
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Panel Members
Moses Lee, Ph.D.

Dean of Natural and Applied Sciences, Hope College, Michigan
Moses Lee received his B.S. and Ph.D. degrees from University of Guelph in 1983
and 1986, respectively. After a year of postdoctoral studies at the University of
Alberta, he joined Synphar Laboratories as a research scientist. In 1989, he
joined the chemistry faculty at Furman University and was appointed to the Rose
J. Forgione Chair and promoted to full professor in 1998. In 2005, he moved to
Hope College to serve as Dean for the Natural and Applied Sciences Division and
Professor of Chemistry.
Dr. Lee is a staunch proponent of STEM (science, technology, engineering,
mathematics) education, and he is national leader in promoting the best practice of “learning science is
best done through the pursuit of original research.” This is a mark of distinction for Hope College.
Together with the faculty, the Natural and Applied Sciences Division actively pursues two visionary
goals: raising the academic excellence to a higher and uncharted level, and to become more inclusive by
broadening the participation of students traditionally underrepresented in STEM field in Hope’s
research and academic programs. In spring 2011, as part of the national celebration of undergraduate
research week declared by the US House of Representative, and sponsored by the Council on
Undergraduate Research (CUR), Dr. Lee hosted a national webinar entitled, “Transformational Learning
Through Undergraduate Research and Creative Performance.”
Dr. Lee actively pursues research involving undergraduate and high school student coworkers, and to
date he has mentored close to 300 undergraduate students, 13 post-docs, 5 PhD students, and 32 MS
students in his laboratories. Together, they have published more than 160 peer-reviewed research
publications. His research program has received continuous funding from federal agencies (such as NSF
and NIH), private foundations, and business corporations. He has served on the boards of Research
Corporation, ACS-Petroleum Research Fund, West Michigan Science Technology Initiative, and The
Murdock Trust, and he also served one year as an expert consultant at the NSF. Dr. Lee was recipient of
the Henry Dreyfus Teacher-Scholar Award (1994-1999), the Camille and Henry Dreyfus Scholar-Fellow
Award (2002-2005), and the ACS Award for research at an undergraduate institution (2009).

UNIVERSITY FACTS: Hope College

Hope College is a distinguished and distinctive four-year, liberal arts, undergraduate college, affiliated
with the Reformed Church in America. The mission of Hope College is to educate students for lives of
leadership and service in a global society through academic and co-curricular programs of recognized
excellence in the liberal arts and in the context of the historic Christian faith. Its great religious heritage is
expressed through a dynamic Christian community of students and teachers vitally concerned with a
relevant faith that changes lives and transforms society. The curriculum offers a variety of courses in 87
majors leading to a Bachelor of Arts, Bachelor of Music, Bachelor of Science, or Bachelor of Science in
Nursing degree. The college has long been known for outstanding pre-professional training. Each year
many graduates go on to further study in the leading graduate and professional schools in this country
and abroad; others directly enter professions. During the 2010-11 school year, Hope enrolled 3,203
students from 42 states and territories and 30 foreign countries.
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Panel Members
Michael E. McManus, Ph.D.

Dean of Academic Programs, University of Queensland, Brisbane, Australia
Mick McManus was appointed Dean of Academic Programs in 2010 with a
university-wide role in relation to the University of Queensland’s (UQ) teaching
and learning programs. Prior to this Mick was Executive Dean of the Faculty of
Biological and Chemical Sciences at (UQ) from 1998 to 2008. In 2009 Mick served
as Acting Vice-President UQ International. Mick was initially appointed to UQ as
Foundation Professor of Pharmacology in 1992 and from 1993 to 1997, he served
as Head of the Department of Physiology & Pharmacology. Mick trained as a
pharmacist at Curtin University of Technology and completed his PhD in
biochemical pharmacology at the University of Western Australia in 1978. Mick
has held research positions at the Royal Postgraduate Medical School in London, National Institutes of
Health in the U.S.A., and at Flinders University in Adelaide. From 2000-2001, Mick was President of the
Australasian Society of Clinical and Experimental Pharmacologists & Toxicologists (ASCEPT).
In 2004, Mick was the Convenor of International Conference entitled “Science Teaching & Research:
Which way forward for Australian universities?” This meeting led to Mick leading a review of the UQ
Bachelor of Science Degree in 2005/6 that required input from three major faculties. Mick was also an
organizer in 2007 of the Australian Council of Deans of Science conference entitled “Science and
Engineering: Skills for Australia’s Future.” More recently, Mick has been a member of a Queensland
State Government Ministerial Committee charged with developing a STEM 2020: Foundations for the
Future – A 10-year plan for K-12 science, technology, engineering and mathematics (STEM) education
in Queensland. This was followed by an appointment to a Queensland Department of Education and
Training Reference Group charged with reviewing Teacher Education and Induction in 2010. The
challenge for UQ as a large state university is that while it is ranked in top 1% of universities worldwide
and has a strong commitment to building a knowledge society, the quality of students entering STEM
disciplines at a time of universal access to higher education is either static or in decline. In this context,
Mick’s role has been to work more actively with the K-12 system to ensure Queensland’s education
system is not only driven by equity and access but also excellence.

UNIVERSITY FACTS: University of Queensland

The University of Queensland (UQ) is one of Australia¹s premier learning and research institutions. It is the
oldest university in Queensland and has produced almost 197,000 graduates since opening in 1911. Its
graduates have become leaders in all areas of society and industry.
UQ is a founding member of the national Group of Eight (Go8) a coalition of leading Australian
universities, intensive in research and comprehensive in general and professional education. Collectively,
Group of Eight members account for 70 percent of all research income in Australia's university system,
enroll more than half of all higher degree by research students, hold over 90 percent of US patents for
inventions and generate 80 percent of spin-off companies created by Australian universities. Our ViceChancellor and President Professor Paul Greenfield AO is chair of the Group of Eight.
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UQ offers undergraduate and postgraduate programs that are informed by the latest research and
delivered in state-of-the-art learning spaces. Its teachers have won more Australian Awards for
University Teaching than any other Australian university.
Today, UQ has almost 44,000 students who study across its four main campuses in southeast
Queensland: St Lucia, Ipswich, Gatton and Herston.
Staff and students from more than 134 nations are valued in its multicultural community, which
celebrates excellence in all aspects of scholarship.
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Robert McMaster, Ph.D.

Vice Provost and Dean, Undergraduate Education, University of Minnesota
Robert B. McMaster is Vice Provost and Dean of Undergraduate Education, and
Professor in the Department of Geography, at the University of Minnesota. He
served as Associate Dean for Planning in the College of Liberal Arts from 20022005 and Chair of the Department of Geography from 2005 to 2008. He received
a B.A. (cum laude) from Syracuse University in 1978 and a Ph.D. in Geography
and Meteorology from the University of Kansas in 1983. He has held previous
appointments at UCLA (1983-1988) and Syracuse University (1988-1989). At the
University of Minnesota, his research interests include automated
generalization (including algorithmic development and testing, the development
of conceptual models, and interface design), environmental risk assessment (including assessing
environmental injustice to hazardous materials, the development of new spatial methodologies for
environmental justice, and the development of risk assessment models), Geographic information
science and society (public participation GIS, alternative representations), and the history of U.S.
academic cartography. Recently, he completed a five-year NSF funded project to develop the “National
Historical Geographic Information System”. He has published several books including: Map
Generalization: Making Rules for Knowledge Representation (with B. Buttenfield), Generalization in
Digital Cartography (with K. Stuart Shea), Thematic Cartography and Geographic Visualization (with T.
Slocum, F. Kessler and H. Howard), A Research Agenda for Geographic Information Science (with E. L.
Usery), and Scale and Geographic Inquiry (with E. Sheppard). His papers have been published in The
American Cartographer, Cartographica, The International Yearbook of Cartography, Geographical
Analysis, Geographical Systems, Cartography and GIS, The International Journal of Exposure Analysis,
and many conference proceedings, including Auto-Carto, and Spatial Data Handling.
Robert McMaster served as editor of the journal Cartography and Geographic Information Systems from
1990-1996, and the Association of American Geographers (AAG), Resource Publications in Geography.
He served as Chair of both the AAG’s Cartography and Geographic Information Systems Specialty
Groups, served three years on the National Steering Committee for the GIS/LIS ‘92, ‘93, and ‘94
conferences, was Co-Director (with Marc Armstrong) of the Eleventh International Symposium on
Computer-Assisted Cartography (Auto-Carto-11), served on the U.S. National Committee to the
International Cartographic Association, and as a member of the Advisory Board for the Center for
Mapping at Ohio State University. He also served as President of the United States’ Cartography and
Geographic Information Society and both Chair of the University Consortium for Geographic Information
Science’s (UCGIS) Research Committee and UCGIS Board Member (1999-2002, 2005-present, and
President of UCGIS). In 1999, he was elected as a Vice President of the International Cartographic
Association, and was re-elected in 2003. He recently served a three-year term on the National
Research Council’s Mapping Science Committee (2005-2008) and was recently appointed to the
National Research Council’s Board on Earth Sciences and Resources.

UNIVERSITY FACTS: University of Minnesota

One of the largest and most prestigious public research universities in the nation the U offers
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baccalaureate, master’s, and doctoral degrees in virtually every field—from medicine to business, law to
liberal arts, and science and engineering to architecture.
A testament to its growing prominence and appeal, the U’s enrollment has reached 67,932, but a 16-to-1
student-to-faculty ratio ensures plenty of attention. Contributing to the U’s academic prestige are 20
Nobel Laureates, 86 Guggenheim Fellows, and 2 MacArthur “Geniuses” on campus right now! Because
the world’s biggest problems don’t have just one solution, the U’s best minds are putting their heads
together—with 50 joint graduate degree programs and 200 collaborative institutes and centers.
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John Squires

Department Head, Mathematics, Chattanooga State Community College
John Squires is the math department head at Chattanooga State Community
College, where he has implemented course redesign throughout the curriculum.
He served as the 2010 Cross Scholar for the League of Innovation and wrote the
13th Cross Paper, which focuses on course redesign. As an NCAT Redesign
Scholar, he has worked with colleges, universities, and high schools around the
nation on using technology to improve student learning. Prior to Chattanooga
State, John was the math chair at Cleveland State Community College, and was
the architect of the course redesign project in the math department. John's
work has been featured in The Chronicle of Higher Education.

UNIVERSITY FACTS: Chattanooga State Community College

Chattanooga State is a comprehensive, regionally accredited community college in the Tennessee Board
of Regents College System. Founded in 1965, Chattanooga State offers a wide array of programs and
services and serves a six-county area of Southeast Tennessee and bordering counties of north Georgia
and Alabama as an open-entry postsecondary institution offering over 50 majors of study.
Chattanooga State is nationally recognized for entrepreneurial initiatives, excellence in student support,
curricular innovation, use of technology, and responsiveness to its community. The College is a leader in
community, economic and workforce development, the use of advanced technologies in instruction, lifetransforming support services based on a culture of care for all students and employees, and maintaining
an environment of open access to learning where high academic standards and personal integrity are
prized. Chattanooga State affords equal opportunity to all persons.
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