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“There are so many components and aspects of

Finally, during a “birds of a feather” session in

introductory courses,” Labov points out. “Everybody has an opinion about them but nobody
owns them, particularly when we are talking
about non-majors courses.” This session begins
with group discussion followed by selection of
one or two issues for further discussion.

which those playing the same role are grouped
together (e.g., STEM department chairs),
participants decide what that group should be
doing to address and move forward with these
issues, and which other constituencies from
above, below, or at the same level should be
brought into that discussion. The session concludes with group report-outs.

Participants then engage in role playing to
explore different perspectives on introductory
courses from a range of constituencies, with
the caveat that participants not play the roles
they normally play.

Roles to Play
• STEM Faculty Member who has to teach the course
• STEM Department Chair who has to oversee the courses and hear complaints from faculty in subsequent that the students in those introductory courses haven’t learned anything
• Humanities Department Chair who says, “What the heck are you doing to my students? They fear
science like crazy.”
• CEO of local science/technology-based industry who is screaming for qualified people
• First-Year Student who isn’t sure of intended major
• Ten-Year Alum who was a STEM major and is now out in the working world
• Director of Campus Facilities (in a nod to Jeanne Narum) because if you want to change things the
learning space must meet the learning requirements and learning needs
* Based on group input, while logistics preclude adding a research role, one or more of these roles will be
advocating for the needs of evidence-based research.

Breakout Group Facilitator
Jay Labov
Senior Advisor for Education and Communication,
National Research Council

Breakout Overview
This breakout session builds on ideas presented during the plenary session panel discussions on strengthening introductory STEM
courses and provides an overview of current
realities and common perceptions by faculty,
academic departments, and institutions of
higher education about the goals and roles
of introductory courses in STEM disciplines.
Topics during this breakout session include
structuring introductory courses in ways that
preclude many students from pursuing upper
level courses, separate courses for presumptive majors and non-majors, the “content vs.
process” dichotomy, introducing active learning pedagogies into larger classes, and topics
of interest identified by participants. Select
topics are then pursued in depth based on
participant interest, leading to development
of action plans for participants to take back
to their home institutions about short, intermediate, and longer-terms goals and actions,
as well as a consideration of who in the
campus community must become involved to
realize change.
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issues discussion
The Student Perspective
Total Overload, Lack of Joy, No Room for
Liberal Arts
Student Expectations/Resistance

• How do I get excited about STEM as a student?
And as a student I’m not comfortable with this
new, “woo woo” get-together-as-a-group-and
talk-about-things, I just want a lecture delivered to me. • Participant
• Even more important, I’ve been reinforced
throughout my high school and grade school
years for memorizing things, and now you’re
asking me to do all this other stuff. And why
are we paying you to teach me when you’re not
teaching me? • Jay Labov

Unengaging, Irrelevant, Big Lectures:
Why Are You Making Me Take This?
• To play the role of that first-year student a
little bit, these are big classes where I just sit
and listen, I’m not very engaged, I don’t find it
very interesting, it’s just one more thing that I
have to do. I don’t see why I have to do it. It’s
irrelevant. Why are you making me take this?
• Participant

• From the student perspective, one issue is
that there are so many required courses for
the major that I can’t get anything else in
unless I’m on an overload, in which case I
run the risk of not learning anything well,
of messing up my GPA, of basically not even
enjoying my time because there is just so
much I have to take. And if I’m going to get a
liberal arts education or one that is basically
going to help me function in the real world
with regards to employment, there are a lot
of things I’m not going to have a chance to
explore or do. And the stuff is all stacked in
on top of each other and I can’t necessarily
get the courses when I need to get them, so
it looks like I’m going to have to stick around
longer than I want to, even if I’m on track.
• Participant

• Where does that fit in with introductory
courses? You have to take introductory courses. • Jay Labov
• I have to take introductory courses, but once
I take the introductory courses I can’t necessarily get my next-level course at the right
time to be able to take the one after that and
the one after that. • Participant

• We’re talking about scheduling of introductory courses here. • Jay Labov
• The scheduling is going to kill me, and some
of those introductory courses may be prerequisites for others. • Participant
• We have to think of the whole system that
follows introductory courses too. • Jay Labov

Rethinking Fundamentals
The Unit of Learning
• I’d like to problematize what we mean by
“course.” I think the idea of the Carnegie
Unit is way past its utility in higher education.
What is the fundamental unit of learning or
units of learning that we should be thinking
about when we organize the experiences of
our students over time? Specifically in terms
of introductory courses, lets say a non-major coming into the university comes to me.
What is the appropriate unit of their science experiences or their laboratory science
experiences? What is the appropriate unit
for their engineering experiences or for their
mathematics experiences? I’m not convinced
that 45 contact hours is an appropriate way
to unitize learning. And if it is not, then what
are alternatives that could be more relevant
for undergraduate non-majors? • Participant

• What I hear you saying is how do we restructure the timing of courses to favor what
students need to know and be able to do to
demonstrate those competencies. • Jay Labov
• Not even that, just reconceptualize what we
mean by a course. A “course of study” means
one thing, we don’t even mean that when we
say “course.” What we mean is a unit of time
that is fifteen weeks for three hours a week.
• Participant

Common Concepts, Terms:
Interdepartmental Collaboration
on Introductory Science Courses
• Break down the silos. Let the faculty who
teach these introductory courses from different departments actually discuss some of
the common concepts because the terms are
often the same from math, physics, biology;
it’s just different words: carrying capacity,
maximum velocity, ordinary differential equations, zero slope. But by the time a student
is out of these courses, they’ve memorized
it and forgotten it and they don’t realize this
can ultimately lead to a career. • Participant
• You bring up a really interesting point because
“delta G” means something different to a biologist than it does to a chemist, even though
we use the same term. And yet we expect
students who are taking these courses to magically figure this out. And learning research
tells us that we are not very good as a species
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at doing that kind of thing. So the question is,
how do we better coordinate?
I’ll give you a quick anecdote. It was one of
those “duh” moments after I left a college
where I was Chair of the Natural Sciences
Division. We decided that students who said
they wanted to major in science should take
at least two introductory courses each semester in their first year. Good or bad, that’s
what was decided. Most students took biology,
fewer took chemistry, and then fewer took
physics or earth science. Every single one of
those courses talked about, let’s say, energy.
We talked about it at different times in the
semester, we talked about it in different
terms to mean the same things.
Nobody talked about this. The faculty at this
small college got together every week at
lunch to talk about why we weren’t getting
enough paper towels or parking rather than
this kind of stuff. How do we begin to think
about introductory science across disciplines
so that it is not only at the level of what is it
that I want my students to know and be able
to do when they get out of my course, but as
a college of arts and sciences, what is it that
we want our students to be able to do when
they finish our program regardless of which
of those courses they are taking? What we
are really talking about is coordination. • Jay
Labov

About Math Intensive Introductory Courses
• The other part relates to this kind of differentiation of the introductory courses by some that
are much more math intensive. In those cases,
the mathematics and the problem sets and doing the problem sets are actually substituting
for having the experience with the phenomena.
• Participant
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Why Separate Majors and Non-Majors?

Race & Gender Achievement Disparities

• Why in the world are there separate courses for STEM majors and non-majors? That
doesn’t happen in other disciplines. You look
at sociology, you look at French, they don’t
have separate courses. Why are we doing
this when those students who are considered
to be non-majors are being told, “Well, you
don’t quite have the capacity to get this,”
and we always think of these courses as being
watered down, at least traditionally. • Jay

• I’m a dean and I’ve noticed that there are
disparities in achievement in these gateway
classes by race and gender and something
must be done about that. • Participant
• We need to be looking at people based on various kinds of categorizations, whether they’ve
been traditionally or historically underrepresented. Are we taking those kinds of things
into account? • Jay Labov

Labov

• Or why do we make such an effort for our
non-majors classes to make the science interesting and appealing, but we don’t make
the science interesting and appealing in our
majors classes? • Participant

Assessment
Access and Accommodations
• From the student perspective, I am legally blind
and I’ve really gotten excited by this STEM
course. Can I be assured that I’ll have access to
all of the materials that I’ll need in an alternate format when I take other classes in your
department? • Participant
• Okay, are there accommodations for students
with different kinds of physical and learning
needs? • Jay Labov

Assessment in Gateway Courses:
Can They Know and Do?
• I think it’s terrifically important that we talk
about what we want them to be able to know
and do, both within and between the disciplines, but perhaps even more important
is how we are going to know when they can
know and do it. The current state of assessment in these gateway courses is just abysmal
and it is getting worse as we move to online
where we go to smaller and smaller pieces of
knowledge, where there is no ability to apply
science practices, for example. • Participant

Identifying Learning Outcomes
• I’m a dean and accreditation is forcing us to
do student learning outcomes, and I need
these done in all introductory courses.
• Participant

• Are we standardizing those kinds of things?
What do assessments actually look like and
how do we interpret them? • Jay Labov

The Administrative Perspective
An Unfunded Mandate: Role and Funding
of Introductory Courses
• I want to role play the administrator of a
public university and I’ve been gradually
defunded over the last 20 years by the state
legislature, but they still hold our charter and
tell us we need to be teaching undergraduates. But increasingly these introductory

undergraduate classes seem like an unfunded
mandate and I’m wondering what I can do
about that. • Participant

Teaching Perspective
Overload of Students:
Class Size, Quality, and Contractors
• I am from the University of Puerto Rico and
we’ve had a phenomenon in our department
where there is a lot of interest in biology. So
the upper administration has decided that
although we can only accept, let’s say, 300
students to responsibly take care of them,
they have been admitting 500, 600, or 700
students per year. Of course we now have this
overload of students. We have to redefine
how we are going to teach them because if
we had something in a smaller classroom we
now need to rethink it. That is a pressure
that is coming from above that is affecting a
lot of our introductory courses. And we don’t
have enough faculty to teach these so do we
hire people on a contract who just come and
teach a lecture and go? How do you control
the quality of those courses? We don’t give
upper level courses to the contractors, we
just give them the introductory courses.
• Participant
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Overload, Demands and Lack of Resources
versus Teaching Quality
• I want to play the role of a STEM faculty
member. My department chair and my dean
and my provost are all coming down on
decreasing the DFW rate in my class, retention is a big issue. However there are no TAs
and my course load is so high that I can’t
actively think about my teaching, I can just
get through the classes and get through the
grading because the course load is so high.
How can I impact retention when I have no
resources? • Participant

Lack of Learning Spaces and
Administrative Support for Innovation
• Okay I want to innovate, I want to split my
large lecture into problem-based learning
groups, I have students ready to help, but
the physical plant won’t support splitting my
250 students into groups of 10 because there
aren’t 25 rooms that will hold them all at the
same time. And besides, the registrar says no
because it’s listed as one course, so that’s the
way it goes into the system. • Participant
• Again there is the tension between what we
know can be effective practice versus the
realities of the physical space and people who
are not thinking along the same lines that you
are in your role as a faculty member. • Jay
Labov

The Difference in
Courses Taught by Adjuncts
• The adjunct question isn’t just an issue that
relates to quality, it is an issue that relates to
basically integrating into the life of that department. We see different retention rates for
courses that are taught by adjuncts. They are
not necessarily having office hours, they are not
necessarily doing research, which means they
are offering a different experience, etc.
• Participant
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Picking Topics of Focus
Rather than coming to a common agreement within the group as a whole regarding which topics to focus on, Labov suggests that individual working groups determine which topic they would like to focus
on and then move forward.
A summary of the issues presented in general discussion was generated during the session and made
available to participants.

Issues to Consider
• Too many required courses for the major; no joy
• Big classes, seems irrelevant, why should I take it?
• What is the unit of learning we should be thinking about? What do we mean by a “course”?
• Role of the intro courses in the mission of the university as funding shrinks
• Too many students, too few faculty, too little space, quality of adjunct (and other) teaching, integration of adjuncts into the departments
• Breaking down disciplinary silos, looking at the through-themes across the sciences for deeper learning
• Assessment in gateway courses
• Tension between quality vs support to do it
• Physical plant won’t support innovative practices
• How do I get excited about STEM in my intro classes?
• I’m a student who wants a lecture, none of this newfangled stuff
• Discrepancies in success between different sub-groups of the student body
• Standard assessments to generate student outcome data
• Accommodations for students with different learning needs
• Why separate intro courses for majors vs non-majors? Why do we try so much harder to engage nonmajors than (prospective) majors; problem sets substituting for engagement with phenomena ...

report-outs on role play and birds of a feather
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Q&A: Learning Goals
After engaging in mixed role playing groups,
participants met in “birds of a feather” groups
with others playing the same role. Below are
the report-outs from those groups.

STEM Faculty Members
We talked about all of the issues and noted that
because we are faculty we like to talk and pontificate, but we didn’t really come up with any
action plan. However, under this new action era
in which we are going to be held accountable,
one of the things we said was that we are first
going to identify our specific needs. We talked
about different kinds of faculty. We thought it
would be worth discussing the kind of faculty
member who really wants to institute change
and is doing it. Then there is somebody who
wants to institute change but sees all of these
barriers and is not doing it versus faculty that
doesn’t want to change. We’re hoping those
faculty are old so we can just wait until they
retire.
Then we talked about what we can do. We
talked a little about using technology, some
of the resources on campus such as the learning centers and so forth, but the main thing is
getting faculty to talk about this stuff just as
we did. And again, there are older faculty who
will be retiring. We will see change over time in

our institutions just because of the new faculty
going in and the old faculty going out.
We did talk about courses and there was the
sense that there was a negative vibe about
having different faculty teach different versions
of the same course. However, our thinking was
that there are a lot of different constituencies
out there and it does make some sense to teach
courses that target different constituencies.
The computer science course for computer
scientists could look different from the course
for humanities, but you could all learn computer programming and you can do it in different
contexts. In the humanities, some people could
learn computer programming through music
manipulation, other people can do programming
more strictly through algorithms.
And for those in that non-major class, it would
provide some kind of transition into the major
field, so we could recruit people through that
class rather than leave them stuck with no
place to go.
Another thing we talked about is how important
the Graduate Teaching Fellows in Undergraduate
Education (GK-12) and the Integrative Graduate
Education and Research Traineeship (IGERT) are
to give our graduate students teaching experience because otherwise in their disciplines they
don’t necessarily get teaching experience or

Q: Since some of you want to change, did you
talk about things like learning goals? In other
words, what should be the goals of a STEM
introductory course? • Jay Labov
A: We didn’t, but we talked about how faculty
members don’t always know what objectives
are, so we have to start way at the beginning.
• Participant

Q&A: Required Intro Courses
Q: Should the majors introductory course be required for those who wanted to take one more
course? • Jay Labov
A: We were going to have a lot of meetings to
figure that out. • Participant

About These Questions: Broader Issues
• My purpose in asking you these types of questions is that I want you to start thinking about
some broader stuff. Things like learning goals
should be central when we think about introductory courses, really right at the top. • Jay
Labov
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Focusing on Graduate Education
• When you think about it, the future of undergraduate education really depends on how we
think about graduate education because they
are the preservice faculty for the next generation of undergraduates. • Jay Labov

team teaching experience or interdisciplinary
teaching experience, and it is those graduates
who are now in our universities who are really
buying into this active learning teaching style.

we can bring students up to speed who are nonmajors who have difficulties in the introductory
courses so that it doesn’t become a gatekeeper
but becomes a pump, like the title of this

We are seeing that on our campuses now. There
are those who were GK-12 fellows who are now
junior faculty, and they have very different attitudes.

breakout session says.

STEM Department Chairs
First let me say that none of us wanted to
be department chairs because it is a horrible
position to be in because you are kind of in the
middle. There are your peers, your colleagues,
but then you have all of the pressures from
above.

Student Expectations
• Expectations are very different when students
come in, based on what they did before. • Jay
Labov

We decided to go with the issue of the student
who does not like active learning. We decided
our students are very diverse. Yes, some of
them are going to not like the active learning,
others are going to resist this because it’s different, they don’t know what to do. It is very
important that we tell them what we are doing
and why we are doing it.
What we would do in the next six weeks is
convene a faculty retreat and talk about redesigning our introductory course, combining
majors and non-majors as a pilot, maybe write
a grant for the next six months to see how that
goes.
We are concerned about students’ math preparation to take courses such as physics and so on,
so we will have the faculty talk about ways that

During that retreat we will have to identify
faculty who will write this proposal and get it
done. It doesn’t have to be a grant that goes
for external funding. After this we will involve
the dean so he or she will come with us in this
journey, and we can use the center for learning
and teaching as a resource for our faculty. We
will also get assistance from the dean to help
explain the importance of active learning to the
freshman students and why it is important that
we do more than just lecture.

CEOs of Local Science/
Technology-Based Industry
As CEOs, a couple of our observations were
that the skills being taught with new methods
in these introductory courses are important to
what companies want in the graduates as they
enter the workforce, so we can convey that to
various stakeholders.
As we listened to the various discussions, there
were often lots of excuses being given by the
various roles, and it was very frustrating to listen to those excuses from the perspective of a
CEO because if something is important you get
it done and you fund it and so on. When you are
in the situation of giving an excuse it is good to
step back and ask, is this a valid excuse or are

there other alternatives?
There was some discussion about whether
faculty are actually in a position to be able to
be successful in these courses. There was also
discussion that you might change hiring practices so that you show that you value it or get
the faculty with the skills. You might have more
differentiation among your faculty than just the
big hitter researcher, and again from the CEO
perspective that made a lot of sense because
that’s what companies do, they hire people who
are going to get the job done.
One other observation was that there are a
number of examples of industry supporting and
partnering to accomplish educational innovations. Gaining access may need to be navigated
by department chairs or administrators.
Coming from the major/non-major differential
perspective, as a CEO I need my finance people
to be as savvy as my technical people. Therefore making these kinds of differentiations and
giving something that isn’t as robust makes it
difficult for the kind of collaboration and communication that needs to go on between the
finance people and the technical people in order for them to be able to really understand my
business and help me make a profit. This notion
about how much is enough is one that we may
be calling wrong at the university level, and
we may need more guidance from the industry
level regarding how much is enough.
There is this notion that we don’t talk about
very often, this notion of just enough and just-

in-time learning that can go on in order to help
bridge gaps. We don’t have to put a course in
every time. We can basically show the problem
and then fill in to begin to address the problem,
and then people will begin to see what else
they need to learn.

Directors of Campus Facilities
The biggest issue, of course, is that changing
your facilities needs to be a priority in the
budget because otherwise we can’t fund it
because we have leaky roofs to fix. Therefore it
needs to be part of a long-term strategic plan,
and the needs have to emerge from many of the
other roles in this role playing exercise. Alumni
and students are voices the administration will
listen to. Administration may not listen to the
faculty and chairs, but they have an important
role in saying what the needs are. We can also
reach out to industry. Perhaps they can fund
some of our facility transformations. We can
also seek grants. And we need to look to the
researchers to find out how facility change can
drive student learning, which helps provide
justification.
Those are all long-term things, but in the short
term you can have faculty members adopt a
peer-led unit study model, where you have
classroom time that is traditional but then
peer-led, inquiry-based type of learning outside
of class time. And that could take place in a
more conducive environment. You could also
flip your classroom and have traditional learning
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Educating for
Longer Term Workforce Needs
• People in my generation, from the time we got
out of college until we retire, have on average
about two careers. The kids who are in college
now, by the time they are even mid-career, will
probably have somewhere between 10 and 15
different jobs. The question is the short-term
needs of industry versus the longer-term kinds
of things and the role of education in meeting
those needs. My college president used to tell
parents, “We prepare your kids pretty poorly
for their first job, but very well for their second
and third and subsequent jobs.” This is the kind
of conversation that needs to be ongoing. What
is the immediate need for widgets versus the
longer-term needs of the workforce and that
company? • Jay Labov

12
..—..

in the room and have nontraditional learning
elsewhere.
There is also the need to distinguish what can
be learned online and what needs to be done
face-to-face so that you can use existing facilities to their best capacities for learning.

First-Year Students

• Viva la revolución!

• Jay Labov

As first-year students we wrote a letter to the
president: “Dear Dr. Know-it-all, as first-year
students we feel really disempowered. We
don’t really feel like we have a lot of power
to make the changes that we want, which are
as follows. One, we would like for you guys to
show us the relevance of what we are learning.
We don’t really have any idea why we have to
know this stuff, and I can do it somewhere else
cheaper, and I have a lot of options, so you really need to show me why I should come to your
college because right now you are not giving us
many choices.
“Second, I think that it’s important that you
guys give us the opportunity to come up with
our own questions in lab. Everything is told to
us. We are told that we have to do it this way,
and we are given a whole list of things. Why
can’t we come up with our own questions?
“Third, we need everyday examples of science. For example, why can’t it be more like
MythBusters or like Bill Nye the Science Guy,
something really fun and engaging? Instead it
is really boring, which isn’t really any different
than any other school, so what are you doing?

“Fourth, we want to give our opinion more so
it would be really great if we could have some
sort of exit surveys or something that you could
give us so that we can voice our opinion because you guys don’t listen to us.
“It would also be really important to us that
you show us that you like the subject matter
because a lot of times you are in these lectures
and it doesn’t seem like the guy even enjoys his
life. Lastly, if you could let us nominate the top
faculty members for recognition that would be
really cool. And again I reiterate that I have a
lot of choices, so what’s the deal?”

Humanities Department Chairs
We had a couple of issues. We were talking
about the humanities students who were taking
introductory science courses from a couple of
perspectives: the perspective of the students
and the perspective of the humanities faculty and the campus. First, for the students
taking these courses, if in fact the differentiated courses for majors and non-majors are
substantially different, is there a way for the
institution to think more generally about how
the Universal Design for Learning concept could
be used in science courses as well? We know
that humanities students may not come with as
much math, they may not come with calculus
and some of those expectations for the science
major courses, but if the courses are robust
courses and the students get hooked on science
because they are taking robust courses, then
maybe there could be modules or some add-ons

for them to get the math that they need to go
forward. That would solve the problem of setting up two separate kinds of courses. That was
one thought.
From the perspective of the faculty in humanities, I have to say that the faculty in humanities
experience the university differently from the
science faculty. Science faculty get a lot of
grants, they get a lot of indirect costs, they
have a lot of extra resources around. In the
humanities faculty there aren’t so many grants
and there isn’t so much flexibility and they
don’t have a lot of bells and whistles, but they
do have a lot to contribute to student success.
We talked about how some collaborations
between STEM faculty and humanities faculty
would be advantageous for the faculties and
the students. The problem with doing that is
the “What’s in it for me?” question. Why should
the humanities faculty go over and help the
STEM faculty create critical reading and critical
writing assignments when, first of all, the STEM
faculty don’t really want to read those essays, even though they are a good exercise for
students, and secondly, the humanities faculty
aren’t going to get any credit for doing this?
Our to-dos in the first six weeks are to try to
create some partnerships. If you know anybody
in the STEM field on the other side of campus,
call them and try to create some collaborations.
It’s easier for the STEM faculty to call the arts
and humanities faculty than it is the other way
around sometimes, and when there are grant
proposals to be written, maybe include the arts
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and sciences and social sciences faculty in those
grant proposals so that they can help infuse the
proposals with some student-centered kinds of
work, and they can also be rewarded for that
kind of participation. So in the first six weeks
we talked about creating interdisciplinary
discussions on campus and in six months writing
proposals.

closing remarks
What we are seeing here is that we have got a
systems problem and all of these different moving
parts and people who have very different kinds
of self interests. How do we move from pure self
interest to enlightened self interest? We have to
recognize that people need things, but how can we
begin to have the conversations around the role
of these courses for all students so that everybody
sees that they have a stake in it in some way and
ultimately may be able to benefit?
There was the question of whether we could have
theme-based courses, for example, on cancer or
something else where the humanities and social
sciences are critically important. Having that kind
of collaboration is something that could be really
useful.
Since these are the foundations for everything
that students take, what is it that we really want
students to know and be able to do by the time
that they finish this? It is not just “I memorized
photosynthesis.” What do we want them to know
about the processes, the nature, and the limits
of science? This is where we have so many problems in society right now around climate change,

evolution, so how do we begin to build the habits
of mind in these courses in addition to providing
people with content? We know from the learning
literature that we can’t have higher conceptual understanding without some kind of content
knowledge, but the question is, is content knowledge an end unto itself or is it a means to a bigger
end, to some kind of conceptual understanding?
These are the kinds of things that we are raising
by having these discussions and having you assume
different perspectives. What I wanted you to see is
that everybody has their own interests, but there
are a whole lot of different voices that need to
be heard. By doing this kind of exercise what I am
hoping is that when you go back to your campuses, you will recognize that maybe there are some
phone calls that you need to make. As somebody
used to say, it doesn’t cost much to take your dean
out for lunch or coffee and talk about these kinds
of things. Or take a colleague from humanities
where you think there might be a common interest
and just get the conversation going. • Jay Labov

