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This article describes a university science course that integrates phys-
ics, education, and community outreach. The class both improves stu-
dent mastery of science and teaching as well as addresses the
university's mission to pursue research, education, and community ser-
vice. The structure, implementation, and effectiveness of the course are
discussed to present one approach or model for science education.

he explicit mission of many re-

search universities includes the

pursuit of excellence in three

core elements—research,
teaching, and community service. Yet,
support for high-quality teaching (at
the university or precollege level) and
partnerships with local communities are
largely treated as separate and often non-
essential programs at these institutions.
Too often, research is emphasized at the
expense of teaching or community part-
nerships. However, it is possible to inte-
grate each of these goals into a single
activity system. Here, I describe the
implementation of a new course that uni-
fies the three disparate elements in a
single activity system.

Course Structure
Along with colleagues, I developed a
program that brings together physics,
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education, and community partner-
ship in a single course designed to im-
prove undergraduate student mastery
of both physics and physics teaching.
The focal point and coordinating
agent of these three different domains
is a class entitled Teaching and Learn-
ing Physics, offered within the
university’s physics department.
This article describes the structure
of the class and its effect on students.
Pre- and post-tests of basic physics con-
cepts measure improved student mastery
of domain. Analyses of class audiotapes,
field notes, course evaluations, and stu-
dent interviews further demonstrate im-
provements in student mastery of both
physics and the teaching of physics.

These data are presented as a case study
of one class and its utility for improving
student understanding while addressing
the university’s mission of research
teaching and community partnership.

The course is composed of three
elements—physics content, theories of
teaching and learning physics, and
practical experience teaching physics
to less-educated (K—12) students. The
course is designed for upper-division
undergraduate physics majors who
have expressed an interest in educa-
tion. It is described in the course cata-
log as “A course on how people learn
and understand key concepts in intro-
ductory physics. Readings in physics
and cognitive science plus fieldwork
teaching and evaluating precollege stu-
dents. Useful for students interested in
teaching science at any level. Prereq-
uisites: Introductory level courses in
electricity and magnetism.”

Each of the three curricular com-
ponents represents roughly one-third of
the course. One of the two weekly class
sessions focuses predominantly on the
study of traditional physics content, and
the other emphasizes readings in phys-
ics education and cognitive theories of
learning. At least once per week, stu-
dents teach precollege students in a
laboratory portion of the course.

Each component is designed to
complement the others by explicitly
providing varied perspectives from
which to view physics. Because the
course draws upon and addresses ques-
tions from different domains (physics
content, education research, and com-
munity outreach), it is an interface
among these domains and borrows ma-
terial and methods from each (Star and
Greisemer 1989). Figure 1 (page 38)
illustrates these overlapping features,
depicting the three interacting compo-
nents of the course as the vertices of a
triangle. Each of these components nec-
essarily interacts with the others. That
is, the boundaries of these domains and
activities are not fixed, nor are the do-
mains mutually exclusive.

In this course structure, the environ-
ment is tailored to engage students in
activities that engender both broad-based
skills (e.g., problem solving, analytical,
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and metacognitive), which span
the three domains, as well as spe-
cialized domain-specific knowl-
edge and skills (e.g., physics con-
tent and knowledge of and
practice in theories of teaching).
In addition, the course design is
flexible enough to capitalize on
the emergent nature of the activ-
ity; because the participants, lo-
cales, and even the content are dy-
namic in nature, the precise form
of the activity changes over time.
The arrangement of the compo-
nents of this activity system (the
vertices in Figure 1) may be
thought of as skeletal in nature, and
the actual subject matter, interac-
tion, and environment form the
“flesh” placed upon the structure.

Course Implementation

Teaching and Learning Physics was first
offered in the spring quarter of 1999. As
a prerequisite for the course, students
were required to complete the introduc-
tory physics sequence. The 10-week
class met for 3 hours per week on cam-
pus; in addition, students taught for 2 to
4 hours per week in local community
centers and schools. Each component of
the course focused on the field of elec-
tricity and magnetism (E&M).

As much as possible, each compo-
nent was integrated with the others; the
lines between the activities were pur-
posely blurred. Students reading about
theoretical difficulties in understanding
the concept of electric fields were en-
couraged to wrestle with their own un-
derstandings of the topic. Furthermore,
as much as possible, there was a tempo-
ral alignment of activities. The same
week students studied electric fields,
they read about student difficulties in un-
derstanding the concept of fields and at-
tempted to teach the concept to others.

The physics content of the course
was approximately two-thirds of that
covered in a typical introductory E&M
course, using texts such as Fundamen-
tals of Physics (Halliday, Resnick, and
Walker 1997). Although calculus was
used in problem analysis, mathemat-
ics and symbol manipulation were not
emphasized. Rather, each topic was in-
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The class brings together physics content, theories of
teaching and learning, and fieldwork experience in teach-
ing. It borders on the domains of physics, education, and
community outreach.

Theories of

/ Teaching/Learning \

Physics Education

Class Structure

troduced from a conceptual viewpoint
and placed within a broader context of
other physics topics. Additionally, the
focus of the physics content shifted
from symbolic representation and text
coverage to active engagement of stu-
dents in project-oriented lessons; this
focus shift fostered active construction
of physics models.

Most often these lessons focused
on the physical construction of mate-
rial and its public presentation (Papert
1991). These lessons varied from tu-
torials (McDermott and Shaffer 1998),
to discussion, to group problem solv-
ing (Brown 1992), to teaching and ma-
terials development. The lessons were
designed to force students to confront
traditional difficulties in understand-
ing E&M (Posner et al. 1982).

The class encouraged students to
learn collaboratively during class hours
rather than solely after hours. Homework
was assigned and emphasized deep and
broad understanding. For example, for
traditional textbook-based problems, stu-
dents reflected on the solution process,
critiqued the problem, and derived an an-
swer. Other homework assignments in-
cluded interviewing or teaching novices
about advanced E&M concepts and sub-
sequently writing up the process and re-
sults. Each of these practices was de-
signed to foster both mastery of content
and improvement of metacognitive

Fieldwork
\b Outreach 4-/

skills—reflection, regulation, and
epistemological development
(Schoenfeld 1986).

The second component, read-
ings in theories of teaching and
learning physics, occurred in a
seminar once per week. Each ses-
sion began with brief student pre-
sentations followed by discussion.
Students supported or refuted
ideas presented in the readings, us-
ing evidence from the other com-
ponents of the course. Readings
in physics education research fell
into several categories—empirical
research on learning (McDermott
and Shaffer 1992), theoretical un-
derpinnings of learning physics
(diSessa 1988), and cognitive sci-
ence approaches to teaching and
learning (Brown, Collins, and
Duguid 1989). Students handed in
weekly notes with summaries or ques-
tions relating to the readings, which were
commented on and returned. These in-
formal notes ensured that students read
the assigned papers, and they forced
some level of reflective analysis.

Student teaching occurred at one
of four sites, during and after school
hours, at the junior and senior high
school level. Students were encouraged
to develop and teach their own curricu-
lum (within E&M); in each instance,
supervisors oversaw student work both
at the university and in local commu-
nity programs. Consequently, student
fieldwork differed from more tradi-
tional service learning models, because
students were guided and studied the
teaching process while engaged in it.

Each week, students and supervi-
sors wrote detailed field notes describ-
ing their experiences, curriculum, inter-
actions, and reflections. Students used
the sites as resources for research for
their final projects and papers, which
served as mechanisms for students to
reflect back on the quarter’s activities.
Although not a goal made explicit to stu-
dents, the teaching experience was
designed to help the university students
master physics content as well.

The course was assessed at the level
of student learning, as a research venue,
and as an organizing tool for institutional



coordination enabling outreach. The | Student performance.

data are presented as a proof-of-
concept. Here, I focus on evalua-
tion at the student level. However,

Student performance on pre- and post-test assessment of conceptual understanding of physics. Student
A has had no formal physics education. Student N is a fifth-year graduate student in physics. Mean pre-
test = 54% (o = 25%); mean post-test = 74% (c = 24%); N = 13.

no less significant is the analysis of
this coordinated set of activities as
avenue for conducting research (for
example, what about teaching
makes it an effective practice for
learning?) or as a means for coor-
dinating various institutions.

Physics Expertise

Students generally did not enroll
in this course to remediate their
physics understanding; all had
passed between one and three
E&M classes. Nonetheless, stu-
dents demonstrated improved un-
derstanding of E&M after taking
this course. Evaluation of student
performance included pre- and
post-tests of basic concepts in
E&M, audio recordings of class
sessions, student evaluations of the
course, and in-class observations.
All students (N = 13) participated
in all forms of evaluation.

The diagnostic test was a
mix of 35 free-response and mul-
tiple-choice questions drawn
from the Conceptual Survey of Elec-
tricity and Magnetism (Hieggelke et
al. 2001) and the Electric Circuit Con-
ceptual Assessment (Sokoloff 1999).
In addition to selecting answers for
each question, students provided con-
fidence levels for their answers on a
three-point Likert-like scale (guess-
ing, somewhat sure, or certain).

The results of the pre- and post-
tests are shown in Figure 2, above. The
independent axis plots scores of indi-
vidual students. The leftmost student,
A, had never formally studied the ma-
terial; the rightmost student, N, is a
fifth-year graduate student in physics.
The dashed line indicates a division be-
tween physics majors and nonmajors.
The dependent axis plots student per-
formance. The mean pre- and post-test
scores are, respectively, 54 percent (¢
= 25 percent) and 74 percent (c = 24
percent). The average of individual stu-
dent gains is 51 percent (¢ = 30 per-
cent; N=13; P <0.001).
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The audiotapes of classes and
observational notes written immedi-
ately after each class were comple-
mentary tools for qualitatively evalu-
ating changes in student understand-
ing. These observations corroborate
the pre-test data showing that stu-
dents did not begin the course with
the expected grasp of material.

The use of audiotape discussions
and observational notes help detail
when and why students make concep-
tual shifts. For example, in a discus-
sion about one of the course readings
on the use of analogies for teaching
electric circuits (Gentner and Gentner
1983), a student reflected on the util-
ity of a water reservoir analogy:

F: Can we just talk about ... like if
you have the uhhh two batteries in
series. You get twice the current.
NF: Right.

F: I thought the batteries in paral-
lel gave you [reference to an equa-

tion for batteries in series, which
produces twice the current] [dis-
cussion of the water analogy and
two batteries in series produce
twice the current of a single bat-
tery for a fixed load].

F: Okay but see, I thought it was
the opposite of that [referring to
the effect of having batteries in
series or parallel in simple circuit].
Because I think I was using the
wrong model. [Audiotape tran-
scription of class, -week 3]

After class, I made observational
notes: “Student F made an interesting
revelation, with which student J also
identified: Total lack of conceptual un-
derstanding of series and parallel bat-
teries and bulbs. Student F made the
comment that he had thought batteries
worked differently until he read the ar-
ticle. Still, throughout the class he and
student J would make little mistakes
about relative brightness, voltage, etc.




When asked to think about it in terms
of the article and the analogies pre-
sented, [however], they would get the
right answer. It required conscious ef-
fort and thought.” -week 3

A comparison of the pre- and post-
test responses for students F and J con-
firms that, after the course was over,
both students better understood how el-
ements behave in series and parallel and
that they had greater confidence in their
answers. On the series and parallel cir-
cuit questions in the conceptual survey,
student F improved 33 percent from
pre- to post-test (70 to 80 percent cor-
rect) and his confidence in his answers
rose (from 1.8 to 1.1; where 1 is cer-
tain and 3 is a guess). Student J im-
proved 75 percent (60 to 90 percent)
with confidence rising from 1.7 to 1.1.

Understanding and learning phys-
ics is intertwined with students’ atti-
tudes. At the quarter’s end, students
reported on their own understanding
of the material; they said they had
greater comfort and interest in the sub-
ject area. In an open-ended “com-
ments” section of the course evalua-
tion, students wrote the following:

¢+ “I'mfinally enjoying this material.
Overall, I've learned (understand
finally) so much about E&M and
I’m learning about techniques to
teach it.” - week 5

¢+ “Ilearned a lot about teaching, and
even found a new interest in the
subject of physics through this
course.” - week 9

My goal for students in this course
was not simply to improve their con-
ceptual understanding of and attitude
toward physics but also to develop their
epistemological understanding (what it
means to do or know physics) as well
as their awareness of their own under-
standing. In this class, students became
more aware of their own knowledge.
For example, in a discussion about cur-
rent conservation, student F said, “I
don’t know some of these things. [ have
the same misconceptions that kids and
undergraduates [have] that we’re read-
ing about. I'm a physics major, and I
don’t know these things. I can do the

advanced stuff (calculations, etc.) but
not the conceptual side.” - week 4

The observational field notes docu-
ment corroboration by another student.
The notes say, “Student J detailed his
experience of not believing in current
conservation. He also identified where
this belief arises from. Ironically, such
thought hasn’t been countered by any
formal training. He was a little [upset]
about this.” - week 4

In terms of Schoenfeld’s definition
of metacognition, which schematizes
student thinking into three fundamen-
tal categories (epistemological devel-
opment, self-assessment, and self-
regulation), students are self-assessing,
which is a necessary precursor to regu-
lating their knowledge of physics
(Schoenfeld 1986). To summarize
briefly, students develop greater exper-
tise in physics broadly conceived. Stu-
dents demonstrate gains in conceptual
mastery, attitudes, beliefs of what con-
stitutes physics, and the ability to moni-
tor and potentially modify their own
level of physics understanding.

Teaching Expertise

The course structure was motivated by
the belief that physics expertise is
strongly influenced by students engag-
ing in teaching experiences. In line
with this hypothesis, students reported
improved ability and interest in teach-
ing. In the “comments” section of
course evaluations, students wrote:

¢ “Ithought I had a pretty good grasp
on how to teach physics, but I've
learned enough to revamp my
whole style.” -week 9

¢ “T loved fieldwork b/c 1 actually
was able to observe the teaching
theories involved in class and even
put them into practice.” -week 10

Students also reported that their
conceptions of teaching changed.
During the first and last weeks of
class, students turned in statements
of teaching in which they wrote a
paragraph or two on their teaching
approach. One typical example of a
student reflection on the process of
teaching is as follows:

¢ Student L (week 1) “There seems to
be two ways of going about [getting
people to learn]. One school of
thought is that repetition is how one
learns, and the teacher should focus
on the most important ideas and go
over them repeatedly. The other
method is to saturate the students
with information. I have no opinion
on which method works better.”

¢ Student L (week 10) I believe that
teaching is less telling and more lead-
ing through interactive experiences.
It is important for a teacher to know
the subject material and be able to
convey it clearly, but it is equally im-
portant for a teacher to be able to
prompt students into learning expe-
riences through which students learn
on their own, and in the process own
the knowledge themselves. Another
important duty of a teacher is to pro-
vide an environment for the student
that is conducive to learning. This
may include providing groups of stu-
dents for interaction and making sure
the students are learning and not just
memorizing by getting involved in
the learning process.”

The class had a constructivist bent
(Papert 1991), which seemed to seep
into students’ consciousness. A signifi-
cant effort was made, however, to en-
sure that students wrestled with the
theoretical underpinnings of their con-
victions and teaching experiences.
Some of these theories and tools for un-
derstanding the teaching/learning pro-
cess cycled through communication in
the course, as demonstrated by an in-
creased use of technical language from
the course readings in student field
notes. For example, student H wrote of
precollege students’ failure to grasp a
lesson, “This might be a consequence
of the fact that they were not forced to
confront many of their preconceptions,
come upon a conflict, and resolve it.”

This sentiment parallels Posner et
al.’s (1982) comments on developing a
theory of accommodation, which argues
that the process by which one accom-
modates new knowledge (knowledge not
close to that which we already know) is
by eliciting contradictory information,



confronting this conflict, and resolving
it. The student field note continues,
“knowledge never really became inte-
grated as a system,” which, in this con-
text, appears to refer to diSessa’s (1988)
notion of knowledge in pieces (that
knowledge does not sit in static full-
blown theories, but rather is assembled,
depending upon the context for which it
is invoked or needed, from smaller
pieces) and Reif’s (1986) discussion of
knowledge structures (that knowledge
does not sit in chaotic morass but is ra-
tionally connected in a hierarchical struc-
ture). Students adopt strategies from the
readings and reflect on their own suc-
cess and failure to implement these strat-
egies in the teaching environment.

Students constantly evaluated their
own practices (and each other’s). For
example, student F’s field notes reflect
on the effectiveness of two teaching ap-
proaches. He says, “[The high school]
students seemed to respond fairly well
to the light bulb/resistor box experiment,
but seemed bored when [the theory was]
explained to them on the white board.
After the explanation, many students
were not able to guess [correctly] about
the change in brightness of the bulb as
the resistance in the series with the bulbs
changed. Only after they were able to
play with this themselves were the stu-
dents able to make theories.” -week 7

Approximately half of the final stu-
dent projects were directed at assess-
ing student performance and determin-
ing how performance correlated with
such variables as teaching style, learn-
ing environment, representational form
of the material, or gender. These stud-
ies confirmed or refuted others’ theo-
ries of student learning and evaluated
which strategies work best for students
in their educational environments.

For example, in a study of the ef-
fectiveness of representational forms
(white board versus worksheets), stu-
dent s field notes describe the ben-
efits of active engagement and discuss
why this worked in his classrooms. He
wrote, “To see why these two environ-
ments [high school and college] yielded
such opposite results, one must contrast
the situations of the students involved.
One can expect that when students learn

from a lecture format lesson, they will
not be able to apply the concepts as ab-
stractly as when they were involved in
the learning. Not only will the students
be merely watching and not participat-
ing but also they [likely] will not keep
interest in the presentation. At the [col-
lege] session, the students were actively
learning, discussing, and sharing. The
[high school students] were instructed
to draw diagrams, whereas the [college]
students were using diagrams as tools
to reach a goal—finding a solution to a
problem.” -final paper, week 11

While teaching, student L studied
his students’ learning and developed his
own theories of and strategies for teach-
ing. Not surprisingly, the experience of
teaching and studying student learning
correlated with this (and all students’)
improved mastery of the subject matter.

This model for coordinating
physics education, research, and com-
munity partnerships may be adopted
more broadly within the science edu-
cation community by substituting dif-
ferent content. There is nothing par-
ticular to physics or undergraduates
in this model. The focus could equally
well have been Newtonian mechan-
ics or physical chemistry. m
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