Handout #3
Developing Education Components for NSF Proposals:
An Interview with Dr. Jeff Froyd, Research Professor and Director of Faculty and
Organizational Development in the Office of the Dean of Faculties at Texas A&M University
(An article from Texas A&M University’s Funding Newsletter May 1, 2009, M. Cronan, ed.)
By Lucy Deckard
Dr. Froyd has been PI or co-PI on numerous NSF-funded projects that either focused primarily on
engineering and science education or included large education components. He served as
Project Director for the NSF-funded Foundation Coalition, which extensively reworked the firstyear and sophomore-year engineering curricula. Dr. Froyd has also served as a reviewer for
proposals to NSF’s Engineering Education and Centers Division in the Engineering Directorate
Q: What strategic advice would you give a new faculty member who is developing an
education component for a CAREER or other NSF proposal?
A: An important thing to do when planning an education component, particularly for CAREER
proposals, is to think about what will differentiate your proposals from those of others. What is
your distinctive educational contribution? For example, you may propose to develop a new
graduate course. That’s fine, but many other people are going to propose the same thing –
what will make your proposal stand out from all the others? One thing you can do to make
your proposal distinctive is to include a strong assessment plan that will allow you to add to the
body of knowledge in STEM education. Another thing you can do is develop a plan that
describes the materials (text, videos, exercises, projects, problems, etc) that will allow others to
implement what you have done more easily.
Q: How should a PI go about developing an assessment plan?
A: First, think in terms of your goals for your educational component, and describe to yourself
evidence that would help you to determine if they were met. For example, if you want to
improve student learning in a course, how do you recognize when they have mastered the
material? You would say that they need to “understand” the material. That’s a good start, but
understanding is an internal mental state and we cannot observe understanding yet. So, ask
yourself what you might observe to convince yourself that a student has understood the
material. What things would you look at?
There has been a lot of work done on developing instruments to assess things such as
critical thinking and cognition, and there are efforts funded by NSF and the Lilly Endowment to
collect assessment information and tools and to make them generally more available. For
example, the Wabash National Study focuses on assessing Liberal Arts Education, but much of
this information can also be applied to STEM. You can find information on their outcomes and
assessment instruments for different outcomes on their website
[http://www.wabashnationalstudy.org/wns/instruments.html].
In cases in which you want to compare influences of your intervention, one place to start is
where you have multiple sections of an undergraduate course. Then, you might collect data
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with assessment instruments that would allow you to compare how students perform in one or
more sections that experienced the educational innovation, with students from other sections
that did not experience the educational innovation. This is pretty easy if the sections already
have common exams. If they don’t, you might collaborate with a faculty member teaching
another section to give common exams. Another option is to compare student performance in
a version of a course with student performances in previous years.
Often, you may need to involve others with expertise in assessment who can advise you on
the use of a particular assessment instrument. In most universities, you’ll find faculty members
with that expertise in the College of Education and Human Development. Exactly who you
recruit will depend on what you’re trying to assess. For example, if you want to look at critical
thinking, you would reach out to one group of people; if you need a survey instrument, you
would reach out to people with expertise in surveys. If the assessment requires more
qualitative research, you’ll want to reach out to folks who are experts in qualitative research
methods.
If you are writing a CAREER proposal, this may be tricky since only the PI can be funded at
the faculty level. However, you can ask a faculty member with this expertise to serve as an
advisor to you on your CAREER project. They would then give you a letter of collaboration for
your proposal. If a significant amount of effort might be involved, you could offer to provide
part-time support for one of their graduate students, who would help you with your
assessment.
Q: If a PI seeks to involve faculty who are experts in assessment, will this fit into their own
research agendas?
A: Often times it does fit into their agenda, and in that case it can be collaborative project that
will advance their research. Other times, they can connect you with experts who may not
consider it part of their research but who can participate as practitioners: maybe a graduate
student or others in their community who would be willing to participate on a part-time basis.
For example, in a recent project I was working on, a faculty member in the Department of
Statistics helped us to find a statistician in the community who helped us with our data analysis.
Q: What are examples of things a PI could do to develop a strong dissemination plan?
A: The PI needs to answer NSF’s question: What comes out of this education component? It
might be the production of materials – curricula, course materials, lab manuals, software, etc.
which are posted on a website – that enable others to implement the same educational
innovation. It might be in the form of published papers describing what was done and
documenting its effectiveness (which brings us back to assessment).
I think you also have to ask yourself what do other faculty members really want. Too often,
faculty members focus on what they want to make available instead of asking themselves what
they might want from faculty members who are working on educational projects in which they
are interested. For example, a faculty member might make available text resources that
describe how they organized the material or how they explained specific concepts. Faculty
members may be looking for this type of material, but on the other hand, they may be looking
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for activities that students can do: projects, experiments, or simulations. A popular site,
http://nanohub.org/ , got started as a site for faculty members to share simulations at the
nanoscale, but now the site has incorporated social networking elements because faculty
members wanted to interact about how they were using the simulations and what other things
could be developed.
An Open Education Resource (http://www.oercommons.org/) movement is growing in the
education community, and it can provide good avenues to disseminate course materials and
tools. For example, Rice University has the “Connexions” project [http://cnx.org/ ], where you
can post your materials, and people can try them out and review them. This brings the added
benefits of peer review. The PI could commit in his or her proposal to put these resources
where other people can access them and use them and then provide feedback. This approach
fits well with a movement that’s starting within NIH and NSF to require that data generated by
funded projects be posted in a publicly accessible way.
Q: Are there particular educational innovations that interest NSF?
A: In NSF’s Division of Undergraduate Education, the solicitation for their Course Curriculum
and Laboratory Improvement program often provides insight into things in which they are
interested; check out what has been funded in that program [go to
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5741&org=DUE&from=home and click
on “Abstracts of Recent Awards Made” near the bottom of the page.] It is crucial that you know
what educational innovations have already been tried in a discipline and which have been more
widely adopted. In some subject areas, there have been numerous innovations, while in others,
very little has been tried.
In the Division of Graduate Education, their main program is IGERT, but there are also a lot
of ideas that are being discussed behind the scenes about where they see graduate education
headed. I’d recommend talking to the program directors in that division to get their thoughts.
Q: What about technology-assisted learning?
A: There is a lot of interest in technologies that provide rapid feedback or allow collaboration
among students, but, like any tool, there are right ways and wrong ways to use these
technologies. Folks will say they want to use a particular technology in their classroom, but the
question is, “why?” The educational goal should come first, and the technology should serve
that goal rather than vice versa.
Student Response Systems (such as clickers) are an interesting method to provide more
rapid feedback to students (see the review article by Fies and Marshall, Journal of Science
Education and Technology, 2006). Another method is online homework questions. Getting
feedback even just 2 or 3 days later can be discouraging, and everyone – not just students –
appreciates more rapid feedback. (Think about how it feels to get reviews back on a proposal 6
months after you’ve submitted it.)
Online homework can generate problems with randomly varying numbers (here at Texas
A&M, we use systems such as “Blackboard” (http://www.blackboard.com), but it’s still a
challenge to generate questions that require graphs or chemical equations for balancing that
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use varying numbers. Online homework has been developed for some popular subjects such as
first-year physics or calculus, but is not necessarily available for other subjects, so a PI could
propose to pull together material and develop online homework for a new area. A project
might involve pulling material together and putting it on-line for a new area (a good example of
education tools posted online is on North Carolina State’s website “Tools for Schools” at
http://ced.ncsu.edu/onlinetools/#Online TechnologyTutorials). You could also assess the
effectiveness of using these rapid-response approaches.
Also, just knowing if the answer is right or wrong is not always the most valuable way to
help students learn. Formative feedback helps students to discover where they are making
mistakes. Researchers have discovered that there are a number of patterns of mistakes, and
those can then be used to reveal what students are doing wrong. Software is being developed
that can then help students to understand what conceptual errors they are making based on
their wrong answers.
Another possible direction for a particular subject is to develop what is called a “concept
inventory.” A concept inventory is a collection of carefully developed concept questions. Each
concept question poses a scenario and asks students something about what will happen
without asking students to generate numbers or formulas. Research on concept inventories has
shown that subjects can successfully complete a course, even earn an A, but lack conceptual
understanding of the subject. The best known concept inventory is the Force Concept Inventory
developed by Hestenes and Halloun (http://modeling.asu.edu/R&E/FCI.PDF ) for the
introductory physics mechanics course. Developing and validating an entire concept inventory
would be beyond the scope of a CAREER proposal, but some initial work toward that goal might
be proposed as part of a CAREER. For example, a researcher might propose to develop a set of
concept questions dealing with several key concepts. For emerging fields, even identifying key
concepts would be a substantive contribution. However, to do that kind of project, a PI would
definitely need to engage people with expertise in developing concept inventories.
What about labs?
One promising innovation is to use a set of approaches that are variously called inquirybased, problem-based or project-based approaches. There has already been a lot of research
on these kinds of approaches, so be sure to read the literature so that you can build on existing
knowledge. I wrote a white paper discussing promising approaches in this area for the Board of
Science Education of the National Academies
[http://www7.nationalacademies.org/bose/PP_Froyd_STEM%20White%20Paper.pdf ].
An inquiry-based example for a lab might be to get the students to design the experiment.
The students work together to formulate the exact question and figure out a method to
address the question. However, any time you pose more complex learning tasks, you must
provide support and feedback. If you include this in your proposal, then be sure to figure out:
what is my contribution in this area? Is it the materials, a curriculum, a lab manual?
Q: NSF places a lot of emphasis on involving undergraduates in research. Are there any
innovative approaches to that?
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A: Involving undergraduates in performing research is an excellent way to get them interested
in conducting research, but it doesn’t scale up easily. What do you do if you have 50
undergrads? How do you deal with that? Some people have been working on models that allow
a faculty member to expose large groups of undergrads to research. One approach is to have
students work in groups, perhaps mentored by graduate students or postdocs. Chris Quick in
the College of Veterinary Medicine here at Texas A&M has developed a program in which tens
of undergraduate students can participate. More information can be found in a paper he and
others have published
[http://www.ncbi.nlm.nih.gov/pubmed/18539852?ordinalpos=4&itool=EntrezSystem2.PEntrez.
Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum].
Also, if you have a large number of undergrads, you may not want to put a lot of freshmen
in front an expensive piece of lab equipment, but you could explain what it does and how it
works and then have the student work on data generated by the instrument. This approach is
an example of engaging students in inquiry-based learning, a type of teaching that engages
students in authentic reasoning and thinking using typical tools, models or data generated by
research. Bruce Herbert in Geology & Geophysics at Texas A&M has done a great job
incorporating inquiry-based learning into one of his courses in a way that is similar to
undergraduate research and allows Dr. Herbert to integrate his scientific research with his
teaching. Another innovative approach is to expose undergraduates to a topic and then ask
them to come up with research ideas. You can get the students working on sorting through the
ideas, and some gems may emerge in that process.
Steve Balfour has taught over 200 students in an introductory psychology course at Texas
A&M, and he created a website where students wrote and posted papers about topics in
introductory psychology. The technology supporting the web site allowed the papers to be peer
reviewed, and the original contribution and the peer reviews served as indicators of student
learning. One student in the course generated a PhD-quality research question. Other
professors have students create Wikis that are a synthesis of work in an area and have peers
(other students) evaluate them. The quality of the material generated could be used for
assessment. Remember that encyclopedias are high quality both because of who writes the
articles but also because of the review and revision process. Working together in this way can
be a valuable experience for students.
Q: Are there common mistakes that PIs should try to avoid when developing an education
component for an NSF proposal?
A: One common mistake, which I discussed earlier, is proposing an education component that
is not distinctive or innovative, so that there is really nothing that makes their idea stand out
from what everyone else is proposing.
A second common mistake is to try to do it alone. Invest the time to talk to people rather
than repeating mistakes hundreds have already made. A good place to start here at Texas A&M
is our Center for Teaching Excellence [http://cte.tamu.edu/]. The CTE gives individual
consultations as well as workshops, and you can even call them up and request a workshop on
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a particular topic if you don’t see it on the schedule, and if there’s enough interest they will
develop one. Many other universities have similar faculty development centers.
A third common mistake is proposing an education innovation without knowing what has
already been done in the area. This is another place where support from other people can help.
Finally, PIs may make a mistake proposing an educational component without asking
themselves if this is something they are really interested in doing. If they are funded and then
have to invest time and energy in a project that they really don’t believe in, it can suck the life
out of them. Pick something that really matters to you.
Q: What about outreach to K-12 students?
A: I’m really not an expert in K-12 outreach, but I will offer one piece of advice: think
systemically. If you want to have a strong impact on K-12 education, I think it’s most effective to
influence the teachers, not just the students. By influencing a 5 th grade teacher, you will affect
all the classes of 5th graders that will come through that teachers’ classroom. You could also
work with PTOs and parents. There’s also a movement to start putting engineering in the high
schools and to increase the number of science classes most high school students take. If we
want to entice more students to pursue science and engineering, these high school educational
experiences need to be really good. This could be an opportunity faculty to reach out and help
high schools. The College of Education and Human Development has quite a few researchers
who work in K-12 science and math education and the College of Science has experts in
mathematics and science education. They can be very helpful in advising you on how to plan
and execute a K-12 education plan and in helping you to connect with schools.
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