A physics department’s role in preparing physics teachers:

The Colorado learning assistant model
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In response to substantial evidence that many U.S. students are inadequately prepared in science and
mathematics, we have developed an effective and adaptable model that improves the education of
all students in introductory physics and increases the numbers of talented physics majors becoming
certified to teach physics. We report on the Colorado Learning Assistant model and discuss its
effectiveness at a large research university. Since its inception in 2003, we have increased the pool
of well-qualified K-12 physics teachers by a factor of approximately three, engaged scientists
significantly in the recruiting and preparation of future teachers, and improved the introductory
physics sequence so that students’ learning gains are typically double the traditional average. © 2010

American Association of Physics Teachers.
[DOI: 10.1119/1.3471291]

I. INTRODUCTION: THE U.S. EDUCATIONAL
CONTEXT

Physics majors are typically not recruited or adequately
prepared to teach high school 3physrcs One needs only to
look at reports,* mternatronal and national® studies, and
research on student Iearnrng for evidence. Two out of three
U.S. high school Ehysms teachers have neither a major nor a
minor in physics,” and there are no subject matter specialties
that have a greater shortage of teachers than mathematics,
chemistry, and physrcs Many undergraduates are not learn-
ing the foundational content in the sciences,®® and average
composite SAT/ACT scores of students who enter teachrng
are far below scores of those who go |nto engineering, re-
search, science, and other related fields.'® The effects may be
dramatic. For example, only 29% of U.S. eighth grade stu-
dents scored at or above proficient on the National Assess-
ment of Educational Progress in 2005. 1 What is worse is
that only 18% of U.S. high school seniors scored at or above
profrcrent With few exceptions, universities and research
universities in particular, are producing very few physics
teachers.’> And some universities are sending the message,
usually implicit but often epr|C|t that such a career is not a
goal worthy of talented students.™

Recently, the National Academies listed four priority rec-
ommendations for ensuring American competitiveness in the
21st century. The first recommendation, in priority order, is
to “increase America’s talent pool by vastIy improving K-12
science and mathematics education.”* Who will prepare the
teachers? Physics teacher preparatlon cannot be solely the
responsibility of schools of education.* Studies pornt to con-
tent knowledge as one of the mam factors that is positively

correlated with teacher quality.” Yet, those directly respon-
sible for undergraduate physics content, physics faculty
members, are rarely involved in teacher preparation.

Il. THE COLORADO LEARNING ASSISTANT
MODEL

At the University of Colorado at Boulder (CU Boulder),
we have developed an model that engages both physics fac-

ulty and education faculty in addressing the national chal-
lenges in science education. Talented undergraduate physics
majors are hired as learning assistants (LAs) to assist inter-
ested faculty in redesigning their large-enrollment introduc-
tory physics courses so that students have more opportunities



and mathematics faculty members including two Nobel Lau-
reates and several National Academy members. More than
15 physics faculty members have been involved in trans-
forming a course or in sustaining previous transformations. ™
The program impacts roughly 2000 introductory physics stu-
dents per year and is still growing. Recent efforts are focus-
ing on the transformation of upper-division courses. !

The LAs are instrumental in initiating and sustaining
course transformation by taking active roles in facilitating
small-group interaction both in large-enrollment lecture sec-
tions and in interactive recitation sections. Because the LAS
also make up a pool from which we recruit new K-12 teach-
ers, our efforts in course transformation are tightly coupled
with our efforts to recruit and prepare future K-12 science
teachers.



ied in the experience of serving as an LA. Second, the LA
program serves as a K-12 teacher recruitment program.
Throughout the LA experience, LAs learn about the com-
plexity of the problems involved in public science education
and their potential roles in generating solutions to these prob-
lems. Although only approximately 12% of LAs are actually
recruited to K-12 teaching careers, the program is valuable
to all students as they move into careers as research scientists
and college professors or into industry and have opportuni-
ties to improve science education more broadly.

I11. RESULTS OF THE LA PROGRAM

The LA program has been successful at increasing the
number and quality of future physics teachers, improving
student understanding of basic content knowledge in physics,
and engaging research faculty in course transformation and
teacher recruitment.

A. Impact of the LA program on teacher recruitment

Since its inception in Fall 2003 through Spring 2010, 186
LAs positions have been filled in the physics department



parison, a recent national study31 shows that typical post-test
scores in traditionally taught courses at peer institutions are
around or below 45% (and normalized gains of 0.15-0.3).
The dashed arrows in Fig. 4 show the BEMA pre- and post-
test scores for LAs during the first semester that LAs were
used in the physics department. All of these LAs had taken a
non-transformed introductory electricity and magnetism
course preceding their service as an LA. The solid arrows
near the top of Fig. 4 show the average BEMA pre- and
post-test scores for LAs in the first semester for which all
LAs were recruited from transformed classes. That is, most
of the LAs from the subsequent semesters had taken an in-
troductory course that was transformed using LAs. The av-
erage normalized learning gains for all students in the trans-
formed courses have consistently ranged from 33% to 45%.
The normalized learning gains for the LAs averages just be-
low 50%, with their average post-test score exceeding the
average incoming physics graduate-TA’s starting score.

The data in Fig. 5 show the scores of students enrolled in
upper-division Electricity and Magnetism. The bin labeled
F04-F05 is the average BEMA score for students who were
enrolled in upper-division E&M in the three consecutive se-
mesters from Fall 2004 through Fall 2005 (N=71). None of
these students had enrolled in an introductory physics course
that was transformed using LAs. The three bins labeled S06-
S07 represent the average BEMA scores for three different
groups of students who were enrolled in upper-division

E&M during the next three semesters from Spring 2006
through Spring 2007: (1) those who had a traditional intro-
ductory experience with no LAs (N=18), (2) those who did
take an introductory course that was transformed using LAs
(N=36), and (3) students who had been LAs themselves
(N=6). The scores of the students who did not take a trans-
formed course are comparable in both F04/05 and S06/07.
The students who had taken a transformed introductory
E&M course scored significantly higher than those who did
not, and the LAs scored even higher. These data suggest that
the LA program produces students who are better prepared
for graduate school and for teaching careers and that the LA
experience greatly enhances students’ content knowledge.3°
Note that although some students from each group in Fig. 5






V. SUSTAINING SUCCESSFUL LA PROGRAMS

Can the Learning Assistant model be sustained? Is it pos-
sible to scale this model without significant external fund-
ing? We believe so. Currently, 85% of our LAs are funded by
our administration and private donations, although these are
temporary funds and the university is working toward stable
institutional funding.

At CU Boulder, the Learning Assistant program is
university-wide and benefits from such scale. We bring to-
gether a variety of interested faculty members, department
heads, deans, and senior administrators, each of whom has a
stake in and benefits from increasing the number of high-
quality teachers, improving our undergraduate courses, and
increasing the number of math and science majors. Because
teacher recruitment and preparation are tied to the improved
education for all students through the transformation of un-
dergraduate courses, many members of the university com-
munity have a vested interest in the success of the Colorado
LA program. CU Boulder recently received funding to repli-
cate the University of Texas at Austin’s successful UTeach
certification program.35 The new CU-Teach certification pro-
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