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Improving Physics
Teacher Preparation

During the past nine years I have dedicated a vast amount of
time, effort, and resources to improving the preparation of physics
teacher candidates here at Illinois State University. A large part
of the improvement process has been based on ideas generated
through personal professional development. Another part has
been based upon aligning the program with Standards for Science
Teacher Preparation promulgated by the National Science
Teachers Association. As the result of recent compliance work
related to a program rejoinder, this issue of JPTEO is being
published later than I had originally intended. Nonetheless, the
delay is well worth it if physics teacher preparation will improve
as a result.

As a physics teacher education program coordinator, many
people with whom I have regular contact seem to feel that I should
resent spending large amounts time and effort “jumping through
hoops.” Actually, I find the accreditation process to be a
stimulating source of new ideas for improving ISU’s physics
teacher education program -- especially in the area of performance
assessment. For instance, during the past two months I have
created ten new performance-based summative assessments
dealing with different knowledge and skill areas of teacher
candidate performance. Eight of these are preservice-level
assessments associated with five of our six pedagogically-
oriented physics courses. Knowledge and skills assessed run the
range from knowing about the nature of science and
demonstrating how to conduct scientific inquiry, to exhibiting
skills of teaching and including the social context. The remaining
two performance assessments are at the induction level, and deal
with the student teaching practicum and creation of a professional
teaching portfolio. All assessment instruments have requirements,
rubrics, and specific criteria describing acceptable performance.
All assessment instruments are standards based.

Last year I also included for the first time, and by way of
personal professional development, the process known as Lesson
Study (outlined in The Teaching Gap by Stigler and Hiebert).
This in-depth lesson planning, teaching, evaluation, and revision
process has been described by my students as “the best single
thing I have done to date in preparation for teaching.” I’ve heard
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this comment expressed in other ways more than once. This year
I will give the process considerably more emphasis. If, as a
physics teacher educator, you have never used the Lesson Study
approach, I strongly suggest that you do so.

Each quarter our JPTEQ authors take the time and effort to
prepare quality articles that can be used to enhance physics
teacher candidate preparation, or to improve the teaching skills
of in-service teachers by way of professional development. This
quarter’s issue is no exception. Taking our authors’ lead, I can’t
help but sharing what I have learned and developed through the
NSTA accreditation process. Another part of the reason I am
sharing these resources is because other science teacher educators
have reviewed them and found them to be helpful. In the web
site address provided below, readers can find assessment activities

mitment from its readership to submit articles of interest and
worth in a timely fashion. Without such contributions, any jour-
nal is bound to fail. It is hoped that JPTEO becomes a forum of
lively exchange. It will become so only to the extent that its read-
ers will submitting articles for consideration and publication. De-
tailed information about contributing to JPTEO can be found on
the journal’s web site.

JPTEO
Editors and Reviewers

associated with the following ten areas:

NATURE OF SCIENCE ProJECT
ScientiFic INQUIRY PROJECT
BuiLpING BRIDGES PROJECT
UNiT PLAN PROJECT
CurricuLum PrRoJECT

Sociar CoNnTEXT PROJECT
Prysics Exam PRoJECT
LEssoN Stupy PrRoJECT
PROFESSIONAL PORTFOLIO
STUDENT TEACHING

Those who coordinate physics teacher education programs
might want to examine these performance-based assessments.
Even though the assessments have yet to receive the “blessing”
of NSTA reviewers, | want to share the project requirements
and their associated rubrics with others who might find
themselves in a similar situation. Even if they aren’t perfect, they
can serve as a basis of refinement work. That’s what action
research is all about. I hope that our readers will share some of
their “work in progress.” You may examine mine at the following
URL: http.//www.phy.ilstu.edu/ptefiles/summative. html.

Carl J. Wenning
JPTEO EDITOR-IN-CHIEF

JOURNAL OF PHYSICS TEACHER EDUCATION
ONLINE

Journal of Physics Teacher Education Online is published
by the Department of Physics at Illinois State University in Nor-
mal, Illinois. Editorial comments and comments of other authors
do not necessarily reflect the views of Illinois State University,
the Department of Physics, or its editor-in-chief. JPTEQ is avail-
able online at www.phy.ilstu.edu/jpteo. To subscribe to this jour-
nal, send an e-mail to the editor indicating that you wish to be
added to the notification list. When issues are published online,
subscribers will receive electronic notification of availability.
JPTEO 1is published on a quarterly basis. Issues appear during
March, June, September, and December. It is available free of
charge through the Journal’s web site. JPTEQ is downloadable in
portable document file (PDF) format.

Creating and maintaining any sort of journal requires a com-
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An illustration of the complex nature of subject matter knowledge: A case study of

secondary school physics teachers’ evaluation of scientific evidence
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The principal aim of this study is to examine one prospective and two practicing physics teachers’ evaluations of scientific
evidence. The data from this study suggest that the three teachers frequently used their conceptions of scientific evidence
in conjunction with physics subject matter conceptions while evaluating evidence. The data also indicate that the use of
subject matter knowledge in conjunction with conceptions of evidence was more pronounced when evaluating certain
types of scientific data and conclusions. Implications for physics teacher education suggest that physics and physics meth-
ods courses encourage teachers to conduct original research and to construct and present evidence-based arguments from

this research for peer review and critique.

For the past several decades, science educators have
recommended scientific literacy be improved (e.g., Bauer, 1992;
Dewey, 1933; Herron, 1971; Kyle, 1980; Yager, 1991). These
recommendations highlighted the ability to critically evaluate
scientific evidence or knowledge claims as an essential
component of scientific literacy. In more recent science education
reform documents, one’s ability to critically evaluate scientific
evidence has been specifically linked to appropriate conceptions
of scientific inquiry (NRC, 1996) and of the nature of science
(AAAS, 1993).

Some in the science education community have suggested
that the concepts one uses when thinking critically about scientific
evidence be viewed as a type of subject matter knowledge (e.g.,
Gott & Duggan, 1996; Lubben & Millar, 1996). Specifically,
the ability to critically evaluate evidence can be, in part, supported
by a distinct set of conceptions regarding scientific evidence.
The rationale behind the present study was strongly influenced
by this view.

Recent research has contributed to a growing understanding
of students’ conceptions of scientific evidence (e.g., Carey, Evans,
Honda, Jay, & Unger, 1989; Gott & Duggan, 1995). Identification
of some alternative conceptions of scientific evidence has been
central to the findings of many of these studies. Difficulties
were described for students in elementary school (Varelas, 1997),
in middle and high school (Foulds, Gott, & Feasey, 1992), and
in undergraduate-level physics courses (Allie, Buffler, Kaunda,
Campbell, & Lubben, 1998). Some of these studies examined
aspects of students’ conceptions of measurement reliability such
as the need for repeated trials (Schauble, 1996), the treatment of
outliers (Chinn & Brewer, 1993), and the variance of data sets
(Allie, Buffler, Kaunda, Campbell, & Lubben, 1998). Other
studies focused on aspects of students’ conceptions of
experimental validity such as controlled experimentation
(Schauble, Klopfer, & Raghavan, 1991) and appropriate data
collection strategies (Strang, 1990).
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In light of the findings of these and similar studies, the
National Science Education Standards (NRC, 1996) and Science
for All Americans (AAAS, 1989) suggested methods for helping
students develop the ability to critically evaluate scientific
evidence. For instance, the vision of science learning described
in the National Science Education Standards included engaging
students in “the presentation of scientific evidence, reasoned
argument, and explanation” (p. 50). To this end, this document
suggested the importance of the teacher’s role in facilitating
classroom discourse regarding scientific evidence. It describes
the teacher’s role in this environment as one who guides decisions
as to which “ideas to follow, ideas to question, information to
provide, and connections to make” (p. 36). Similarly, Science
for All Americans (AAAS, 1989) suggested that students need
guidance in “collecting, sorting, and analyzing evidence, and in
building arguments based on it” (p. 201).

These suggestions raise an important question for physics
teacher educators. What types of understandings should physics
teachers possess in order to provide such guidance? Scholars
and researchers in teacher education have suggested for some
time that teaching for understanding requires a thorough
understanding of the subject matter (e.g., Ball, 1988; Borko &
Putnam, 1996; Carlsen, 1991; Grossman, 1990; Schwab, 1978;
Shulman, 1986; Smith & Neale, 1989). It follows that physics
teachers must also possess appropriate conceptions of scientific
evidence themselves before they can provide the support
necessary for their students to develop similar conceptions.

Yet, research regarding prospective and practicing teachers’
conceptions of scientific evidence is not highly visible in the
existing literature. Consequently, neither pre-service nor in-
service physics teacher education has been properly informed
by carefully designed research related to teachers’ conceptions
of scientific evidence.
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Purpose of Paper

This paper is part of a larger study (Taylor, 2001) that
endeavored to describe and interpret the nature of prospective
and practicing physics teachers’ conceptions of scientific
evidence. The descriptive case study research reported in this
paper is one of the sub-studies in the larger research project and
focuses on conceptions related to the measurement reliability
and experimental validity of scientific evidence (see examples
in Table I). This paper addresses the following research questions:

*  What types of issues related to the measurement reliability
and experimental validity of scientific evidence do the
participant-teachers think about when designing
experiments?

*  When presented with hypothetical scenarios that describe
unsound experimental procedures or poorly supported
conclusions (or both), what concerns will the participant-
teachers raise?

For the purposes of this study, the nature of each participant’s
conceptions of scientific evidence was extrapolated from the
nature of his or her experimental designs and evaluative responses
to student-generated scientific evidence or conclusions.

Research Methods

The case under study in this research was secondary school
physics teachers’ conceptions of scientific evidence. This case
was informed by data from multiple participants and can be
thought of as a collective case study (Stake, 1995). Since the
case being described could be explored more extensively if
broken into subunits, specific conceptions of scientific evidence
(e.g., the rationale for repeating trials) were treated as subunits
for analysis and compared across participants.

In this study, participants were selected because they varied
in the duration of their physics teaching experience. One
participant was recruited from each of the following points in
their careers: early in the teacher education program (Betty),
during the first year of teaching (Kurt), and after 11 years of
teaching experience (Nina). Differences in conceptions of
scientific evidence were hypothesized to exist across this span
because it was assumed that experience in struggling with student-
generated data and conclusions might promote the development
of certain conceptions of scientific evidence. Therefore, the
differences in teaching experience could result in data that would
allow the authors to construct a more thorough description of
the case.

The Participants

Betty, although early in a teacher education program, had
already completed seven calculus-based physics courses. Two
of these courses covered topics in mechanics while two others
focused on topics in electricity. Betty did not have an
undergraduate minor field or an advanced academic degree. She
had not conducted an original research project in physics nor
had she taken any courses in research design or statistics.
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Although Betty had not yet begun her student teaching
experience, she held an undergraduate teaching assistantship as
a physics lab instructor for a semester before this study. Betty
indicated that her duties as a part of this position were focused
primarily on grading homework and laboratory reports. Betty
reported that she did not frequently interact with the students
about their experimental procedures, data, or conclusions.

Kurt, having completed the same teacher education program
that Betty was enrolled in, completed a similar number and credits
in physics as Betty. He too had taken two courses in mechanics
and two in electricity. Kurt did not complete an undergraduate
minor field or hold an advanced degree. He had not conducted
original research in physics nor had he taken a course in research
design or statistics. Kurt was in his first year of high school
physics teaching.

Nina, certified also in biology and chemistry, was in the
11th year of her career and was responsible for teaching all three
subjects at her school. Nina had completed six undergraduate
physics courses. She too had taken at least two courses in both
mechanics and electricity. Nina had not completed original
research in physics nor did she possess an advanced degree of
any kind. She too had not completed a course in research design
or statistics.

The Protocols

Each participant responded to two, semi-structured Think-
Aloud Experimental Design Interviews (for a full description of
the think-aloud method see Schoenfeld, 1985). In the think-aloud
method, the participants were given one or more tasks and were
asked to describe what they were thinking as they completed
each task. The tasks completed by the participants in this study
included designing several experiments. One experiment
consisted of investigating the relationship between a wire’s length
and its resistance. Another was to determine the relationship
between the minimum applied force necessary to pull a wooden
block up an inclined plane and the weight of the block. A third
was to investigate the relationship between the minimum applied
force necessary to pull a block up an inclined plane and the angle
of the inclined plane surface. These experiments were to be
conducted using equipment provided by the authors.

The other protocol used in this research, the Analyses of
Classroom Passages (sample items to follow), required the
participants to respond both orally and in writing to a series of
hypothetical classroom scenarios that were developed especially
for this study. These hypothetical scenarios described student-
designed experiments and, when appropriate, corresponding
student-generated conclusions. As with the think-aloud
interviews, these scenarios dealt with both electricity and inclined
plane contexts. The rationale for this protocol was based in part
upon the suggestions of previous researchers who found that
responses to hypothetical scenarios or passages (like those in
this protocol) were potentially reliable measures of selected
critical thinking skills (e.g., Jungwirth, 1990; Jungwirth &
Dreyfus, 1975; Kitchener & King, 1981).
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Findings and Discussion

An analysis of the data collected in this study suggested that
each participant integrated physics subject matter concepts with
selected conceptions of scientific evidence when evaluating data
and/or claims. That is, each participant used physics subject
matter concepts in conjunction with selected conceptions of
scientific evidence when evaluating data and conclusions. In
addition, the authors observed that some conceptions of scientific
evidence (e.g., measurement validity, statistical significance)
tended to be integrated with physics subject matter concepts more
extensively than other conceptions of scientific evidence (see
Table I). These findings are consistent with the results of other
research that examined K-16 students’ conceptions of scientific
evidence (e.g., Foulds, Gott, & Feasey, 1992; Gott & Duggan,
1995; Linn, Clement, & Pulos, 1983; Schauble, Klopfer, &
Raghavan 1991).

Upon recognizing the emergence of these general themes,
the ensuing cross-participant analysis of specific conceptions of
scientific evidence focused on two goals: to describe how the
participants’ physics subject matter concepts interacted with their
conceptions of scientific evidence and describe how certain
conceptions of scientific evidence seemed to be more extensively
integrated with physics subject matter concepts than others (see
Table I). In the following section, selected cross-participant
analyses are provided as examples of differing degrees of
integration with physics subject matter concepts.

More Integrated Less Integrated

¢ Controlled Experimentation ¢ Control of Variables

¢ Generalization of Conclusions ¢ Rationale for Repeated Trials
*  Measurement Validity ¢ Reliability of Data

.

Statistical Significances of
Differences in Data
* Recognition and Treatment of

Outliers

¢ Instrument Choice (scale and
precision

¢ Manipulation of Independent
Variables

Table 1. Conceptions of scientific evidence: Integration with
physics subject matter concepts.

Extensive Integration of Physics Subject Matter Concepts -
Example 1: Controlled Experimentation

In the Think-Aloud Experimental Design Interview
(electricity context), the participants first identified the factors
they viewed as influential to the resistance of a wire. Only one
of'the participants identified as many as three of the four variables
(i.e., resistivity, length, cross-sectional area, and temperature)
that influence the resistance of a segment of conducting wire
(see Table II). Then, the participants designed an experiment
that could be conducted to investigate the relationship between
the length of a wire and the wire’s resistance. The authors
instructed each participant to design the experiment to yield data
upon which sound conclusions could be based. The participants,
while thinking out loud about the task, constructed a handwritten
outline of their preferred experimental design.
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After each participant described his or her experimental
design, the authors asked him or her to describe why the
experiment was a fair test of the desired relationship. Portions
of the participants’ responses are provided in the following
interview excerpts to illustrate their reasoning.

Betty:
B: To test thirty centimeters for copper and forty centimeters

for nickel (wire), you’re not getting any kind of comparisons.
So, the thing that you would want to do is do like, if you’re not
gonna do anything else at all, do thirty, forty, fifty, sixty
centimeters in just copper. You need to just make sure that the
length is the only thing that you are varying when you’re doing
the test.

Kurt:

I: So, why is it important to hold those things constant?

K: So you can get some sort of comparison if we enter in
different materials, or different thicknesses we’re gonna have
differing results from that and that will affect our resistance. So
we want to limit the number of external factors from our
experiment.

Nina:

I: So why is it important to keep these factors constant?

N: So that you can attribute any changes in resistance to
changes in length.

These responses indicate a rationale for designing controlled
experiments that focuses on students’ ability to make meaningful
comparisons between measurements. They also suggest a
conception of scientific evidence that is based upon the need
for obtaining interpretable data.

After examining the participants’ handwritten outlines and
analyzing their spoken comments, the authors observed that the
participants’ planned to control only the variables they believed
would affect the dependent variable (see Table II).

Of course, not all variables initially identified as such were
later controlled, but all of the variables that each participant

controlled in their proposed experiment were among those that
he or she identified earlier as being influential to the dependent
variable. The influence of subject matter knowledge on
conceptions of experimental design was also noted in other
studies (e.g., Duggan, Johnson, & Gott, 1996; Lawson, 1985;
Levine & Linn, 1977; Linn & Swiney, 1981).

Extensive Integration of Physics Subject Matter Concepts -
Example 2: Measurement Validity

In some of the hypothetical scenarios presented in the
Analysis of Classroom Passages protocol, the participants were
presented with inappropriate conclusions based upon misuse of
instruments (see Figure I).
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Think-Aloud Interview Variables identified as influential to Dependent

respect to the surface of the
inclined plane for the spring

Variables explicitly controlled in

balance to measure kinetic
frictional forces.
As the participants

designed experiments during

Wire Resistance

Context Variable the experimental design outline
(Minimum Applied Force/Resistance)

The Inclined Plane

Betty Weight of Block, Friction Forces, Angle of Weight, Frictional Forces
Inclination

Kurt Weight of Block, Friction Forces, Angle of Weight of Block, Friction
Inclination Forces, Angle of Inclination

Nina Weight of Block, Friction Forces, Angle of Weight of Block, Friction

Inclination Forces, Anile of Inclination

the Think-Aloud Experimental
Design Interviews, the authors
paid close attention to how
each participant planned to use

the available equipment in his

Betty Length, Radius, Material Length
Kurt Length, Material, Temperature Length, Material
Nina Length, Voltage, Current Voltage, Current

or her proposed experiment.

Table II. Variables identified and later controlled in the “Think-Aloud Experimental Design

>

Interviews.’

The participants tended to offer similar responses to the
prompt shown in figure 1. That is, each participant was concerned
that using the spring balance in this way might not be appropriate.

In one presentation, a student group thoroughly described their experimental procedure. The students mentioned that
the minimum applied force necessary to pull the block up the incline could be measured by attaching (using string) thd
end of the spring scale to a post at the top of the incline (see figure below). The students argued that measuring the
applied force this way would account for the block’s weight, the slope of the incline, and any frictional forces.

If at all, how would your respond to this group?

Figure L. Research prompt: Inclined Plane Classroom Passage.

The following interview excerpts include the participants’
response to the students’ argument:

Betty:
B: It was a good attempt but it doesn’t really take into

account the frictional forces in the way that you need to because
the block is not moving. It does take into account the constant
slope of the incline and the weight of the block.

Kurt:

K: I would discuss with the group the fact that we are
investigating the kinetic friction and not the effect of static
friction. Their setup does not allow us to investigate the kinetic
friction, which comes from the block moving on the incline.

Nina:
N: Kinetic frictional forces could not be measured because
the block is not moving.

These responses indicate that the participants shared a
common understanding that the block must be moving with
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Kurt, for instance, specified
that the spring balance be
attached to the block and that
the block be pulled up the
incline at a constant velocity. He explained:

K: Well, if you add in acceleration instead of just sliding it
along at a constant rate, the balance will also measure the extra
force going into the acceleration.

Kurt’s statement illustrates how he was able to integrate his
knowledge of spring balances with his understanding of inclined
plane mechanics to justify elements of his preferred experimental
design.

Extensive Integration of Physics Subject Matter Concepts -
Example 3: The Generalization of Conclusions

In some of the hypothetical scenarios that the participants
considered, students had generalized their conclusions to contexts
where they were no longer applicable. Each overgeneralization
was based on the students’ interpretation of a graph of their data.
Each of the passages, one from each context, is provided in Figure
IL

Of the three participants, only Betty focused largely on the
applicability of the students’ conclusion. The following interview
excerpts contain portions of all three participants’ responses to
these prompts. Betty’s response was to the electricity-based
prompt while Kurt and Nina’s was to the inclined plane-based
prompt.

Betty (from the electricity-based prompt):

B: I would agree to this claim because that is what their
graph is telling them. The slope of the graph is .003... however
they need to clarify their claim because the slope of their graph
is .003 but that does not mean the slope of a graph referring to
other types of wire will be .003. When they make their claim
they need to be specific to their experiment.

B: Like, for the lab I constructed, there were a few different
wires that we used and there could be different slopes. Like, for
this one, the slope of it is clearly point zero three. So, I would
agree with this statement. But they’re generalizing by saying
the resistance of a wire (emphasis added).
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Referring to the graph below, a student group concluded...

“In sum, the resistance of a wire will increase by 0.003
every time it’s length is increased by 1 cm.”

How would you respond to this claim?

Auta Fit For: Length:Resistance
y=hx

8.38 —|

8.20 —|

Resistance {Ohms)

8.1 —|

T T
] ] @@

Length {em}
Referring to the graph below, a student group concluded...

“In sum, the minimum applied force necessary to pull an
object up an inclined plane will typically reach a maximum
when the angle of the inclined plane is between 70 and 75
degrees.”

How would you respond to this claim?

Required Applied Force (N}

TT TRCITHE (DEgY

Figure II. Research prompts regarding the Generalization of
Conclusions.
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Kurt (from the inclined plane-based prompt):

K: I would ask the group about their lab setup and data
sampling trying to determine a factor which caused this unusual
data. I would also ask them to disregard the data and give their
opinion based on understanding without the data. Then I would
ask them if they could think of reasons why the data doesn’t
support our theory and conceptual understanding.

K: It seems strange that it was dropping off (the required
applied force began to decrease at an angle of incline of
approximately 75 degrees), because that’s, you know, that’s the
portion that I’'m concerned with and wondering.

K: I wouldn’t want them to continue on with that thought
and would want to then step in to, you know, teaching them that
it does continue to increase.

Nina (from the inclined plane-based prompt):
N: Well, it should continue to increase, shouldn’t it? That’s
what I would think. So, I wouldn’t agree with this conclusion.

Betty’s reaction to the students’ conclusions in the electricity-
based prompt clearly indicates that she recognized the
overgeneralization. Her recognition seemed to be critically
related to her understanding that a change in the wire’s material
and/or diameter would change the slope of the corresponding
resistance vs. length graph [the slope identified by the students
applies only to a wire where the ratio of p/A (where p = the
resistivity of the wire, and A = the cross-sectional area) is
approximately equal to 0.003 Q/cm].

The students’ conclusion in the inclined plane-based prompt
includes an over-generalization in the sense that the point where
the minimum applied force reaches its greatest value is influenced
by the coefficient of kinetic friction that exists for the surfaces in
contact. Therefore, the maximum applied force that occurred
between 70 and 75 degrees would occur only when specific
materials (block and inclined plane surface) were used. None of
the participants questioned the applicability of the conclusion in
the inclined plane-based prompt. Kurt and Nina focused their
evaluation of the students’ conclusion on their observation that
the minimum applied force began to decrease when the angle of
inclination for the inclined plane approached 80 degrees. This
decrease in minimum applied force was inconsistent with Kurt
and Nina’s expectations. Both Kurt and Nina indicated that they
expected the relationship between minimum applied force and
angle of inclination to be linear. Kurt and Nina’s preoccupation
with the nonlinear nature of the graph probably drew their
attention away from the applicability of the conclusion.

Limited Integration of Physics Subject Matter Concepts:
Evaluating the Reliability of Data

Some of the scenarios in the Analysis of Classroom Passages
described data containing multiple measurements taken under
identical experimental conditions. The data sets differed from
one another in the amount of variance present among the
measurement values (see research prompts in Figure I1I).

© 2003 Illinois State University Physics Dept.



Group D - Inclined Plane Experiment

Trial 1 2 3 4 5 Avg. Applied Force
Required
Mass of Block 900¢g 900g 900g 900g 900¢g
Angle of incline 40° 40° 40° 40° 40°
Applied Force 9.0N 10.0N 11.0N 10.0N 10.0N 10N
Required
Group E — Inclined Plane Experiment
Trial 1 2 3 4 5 Avg. Applied Force
Required
Mass of Block 900g 900g 900g 900g 900g
Angle of incline 40° 40° 40° 40° 40°
Applied Force 15.0N 7.0N 10.0N 13.0N 5.0N 10N
Required
Group D — Resistance of a wire experiment
Trial 1 2 3 4 5 Avg.
Current
Measured
gross'secn.onal 34X10°m? [34X10°m [34X10°m? | 34X10°m? | 34X 10° m?
rea of Wire
Length of Wire 50cm 50cm 50cm 50cm 50cm
Current 1.9A 2.0A 1.8A 2.2A 2.1A 2.0A
Group E — Resistance of a wire experiment
Trial 1 2 3 4 5 Avg.
Current
Measured
Cross-sectional | 3 y 3 1062 [ 34x10%m® | 3.4X10%m | 34X 10°m | 3.4X 10° o
Area of Wire
Length of Wire 50cm 50cm 50cm 50cm 50cm
Current 1.0A 3.0A 0.5A 3.5A 2.0A 2.0A

Figure I11. Research Prompts related to Reliability of Data.

After reviewing these data sets, each participant was asked
to indicate which data set he or she viewed as more reliable.
Without exception, the participants mentioned that consistency
or, in Nina’s case, “continuity” in the data was important for
reliability. The participants’ responses to this question are
included in the following interview excerpts.

Betty (from the electricity-based prompt):

I: Why do you think that group D’s data is more reliable?

B: The data numbers found fell right around the desired
average. I think consistent data is more reliable.

Betty (from the inclined plane-based prompt):
I: So, is group E’s data reliable?

B: No.

I: Okay. Why not?
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B: Justbecause it’s not around ten. They (the measurements)
are just so different, you know, from five to fifteen, I wouldn’t
think that would be very reliable. Their data is pretty far away
from the average they received. But going between nine and
eleven and ten, I would think that would be a little more reliable.

I: So, you think group E has an unreasonable spread.

B: Ithink itis. Yeah.

Kurt (from the inclined plane-based prompt):

I: Why don’t you think group E’s data is reliable?

K: Because the data seems to be polar at two extremes, I
don’t feel that we have enough consistent data to support any
true relationships.

I: So, what’s most important to you when you are thinking
about reliability?

K: Consistency with data. But I always tell them, go with
the data that you’ve got if it’s good and solid.
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Nina (from the inclined plane-based prompt):

I: What do you think of Group E’s experiment?

N: Iwould ask Group E to run the experiment again due to
the variations in their measurements of applied force to see if
they get a little bit more continuity, I guess. The values are varied
too much in comparison to other group findings.

All the participants used the notion of consistency as a
criterion for evaluating the reliability of student-generated
scientific data. Lubben and Millar (1996) also found in their
study of young adults that consistency was frequently used as a
criterion for judging the reliability of data sets.

The understanding of the participants’ physics subject matter
was not consistent across contexts. For example, the participants
all demonstrated a more thorough understanding of inclined plane
mechanics than of wire resistance. When asked to identify the
factors that affect the minimum applied force necessary to pull a
block up an inclined plane, each participant identified the weight
of the block, the angle of the incline, and the friction between
the surfaces as influential variables. With the exception of the
angle of inclination, each participant accurately described the
nature of the relationship between these variables and the
minimum applied force. However, as described previously, only
one of the participants identified as many as three of the four
variables (i.e., resistivity, length, cross-sectional area, and
temperature) that influence the resistance of a segment of
conducting wire. As a whole, the participants’ understandings
of the factors that affect the resistance of a wire were diverse.
This diversity in subject matter understanding, coupled with the
consistency of responses to data reliability prompts, suggests that
highly developed subject matter knowledge may not be necessary
to think critically about the reliability of data.

The relative independence of conceptions of the reliability
of data from physics subject matter concepts is in stark contrast
with the extensive integration cited in the first three examples.
The data presented in the first three examples illustrated how the
participants integrated conceptions of controlled experimentation,
measurement validity, and the generalization of conclusions with
physics subject matter concepts. Betty’s responses to prompts
containing sweeping generalizations illustrated how a deeper
understanding of physics subject matter might aid the recognition
of an overgeneralization. Her understanding that the slope of a
resistance vs. length graph is influenced by the wire material
apparently made her more sensitive to overgeneralizations in this
context. That is, she was more sensitive to conclusions that did
not specify that the slope of the graph applied only to wires of a
specific resistivity and cross-sectional area.

Similarly, Kurt and Nina’s recognition of an
overgeneralization in the inclined plane-based prompt seemed
to be inhibited by the existence of certain physics misconceptions.
Specifically, Kurt and Nina’s expectation of linearity in the
applied force vs. angle of inclination graph distracted them from
fully attending to the applicability of the stated conclusions.
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Implications For Future Research

This study examined a selected set of conceptions related to
the measurement reliability and experimental validity of scientific
evidence. For the physics teacher participants in this study, this
set of conceptions was useful in describing their thinking about
scientific evidence in both an inclined plane and an electricity
context. This is not to say, however, that one does not incorporate
other evidence-related conceptions when designing experiments
or evaluating data. Further exploratory inquiry into the possibility
of other conceptions of evidence is needed.

Scholars such as McPeck (1981) have taken the
epistemological view that what counts as “good” evidence might
very well differ from one science domain to the next. Therefore,
it is especially important that carefully constructed studies into
the possibility of other conceptions of evidence be conducted in
a variety of scientific domains.

In this study, the authors grounded their examination of the
participants’ conceptions of scientific evidence in the contexts
of the inclined plane and the resistance of a wire. These contexts,
though important, constitute only two of many possible physics
contexts that could have been used in this research. Future
research might investigate the extent to which subject-specific
concepts are integrated when evaluating evidence in other physics
contexts or in other secondary school science domains (e.g.,
biology, chemistry, earth science).

The data from this study indicate that the participants
integrated their physics subject matter concepts more often with
certain conceptions of scientific evidence (control of variables,
generalization of data, experimental validity) than with others
(reliability of data). Future research involving other physics
contexts or other scientific disciplines might also investigate
whether certain conceptions of scientific evidence tend to be
integrated with physics subject matter concepts more often than
others.

It was also observed that the accuracy of certain physics
subject matter concepts was influential to the participants’ ability
to identify contexts to which scientific conclusions might be
applied. Future research might explore more deeply the nature
of physics teachers’ subject matter concepts and how these relate
to the generalization of conclusions in other physics contexts as
well as how they might otherwise influence the evaluation of
scientific evidence.

For Physics Teacher Education

The vision of physics education reform that has students
actively engaged in investigating important questions, collecting
data, making evidence-based claims, and arguing conclusions
requires rather sophisticated subject matter knowledge for physics
teachers. Schwab (1964), in theorizing about the different types
of subject-matter expertise, distinguished between two types of
subject matter knowledge, substantive knowledge and syntactic
knowledge. Schwab viewed substantive knowledge as one’s
knowledge of the essential concepts, principles, and theories of
the discipline. On the other hand, knowledge of the canons of
evidence that guide inquiry in a discipline was referred to as
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syntactic knowledge. These canons include the norms for
validating knowledge claims.

The integration of conceptions of scientific evidence with
physics subject matter concepts observed in this study suggests
that the critical evaluation of scientific evidence requires one to
integrate both syntactic and substantive knowledge. This
observation raises important issues for physics teacher education.
How should physics teacher education programs address these
knowledge bases so as to prepare teachers to evaluate student-
generated scientific evidence? Demographic data provided by
each participant indicated that each had taken several physics
courses that “covered” some of the physics content discussed in
this study. Therefore, the researchers suggest that the issue for
teacher education program design may not be the number of
physics courses taken but more so how the physics in these
courses is learned.

In the past, some have tried to teach students critical thinking
skills using a “general” approach (Ennis, 1989). According to
Ennis (1989), a general approach “attempts to teach critical
thinking abilities and dispositions separately from the
presentation of the content” (p. 4). Many of these instructional
efforts were deemed unsuccessful because the critical thinking
skills did not transfer across contexts (e.g., Pressley, Snyder, &
Cariglia-Bull, 1987; Salomon & Globerson, 1987). Some
researchers have attributed this problem to the assertion that
critical thinking skills are too content knowledge sensitive to be
taught in this way (Norris, 1985) while others attribute the
problem to instruction that was divorced from meaningful context
(Schauble, Glaser, Duschl, Schulze, & John 1994).

Since the data from this study indicated that the participants
effectively integrated conceptions of scientific evidence with
physics subject-matter concepts to evaluate scientific evidence,
the authors recommend that courses in physics teacher education
programs use instructional approaches that are likely to cultivate
this effective partnership. One such approach would be to
encourage practicing and prospective physics teachers to immerse
themselves in a small set of semi-structured, scientific
investigations. The data generated from these investigations
could be woven into an evidence-based argument that is presented
to peers for review and critique. This type of approach where
students are encouraged to concurrently develop both substantive
and syntactic concepts has been referred to as an infusion
approach (Ennis, 1989).

The authors’ recommendation for an infused approach was
informed by the findings of this study as well as the
recommendations of other scholars and researchers. For example,
McDermott (1990) suggested that physics teachers learn not only
physics concepts but also the evidence and reasoning that were
used in developing those concepts. Lampert (1990) noted that
classroom culture should encourage, among peers, the
deliberations, problems, risks, and issues that underlie the
production of scientific knowledge. Latour and Woolgar (1986)
connected these goals specifically to argument construction when
they suggested that the process of argument construction
encourages one to weigh evidence/data, assess alternative
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explanations, and evaluate the viability of scientific claims. Itis
likely that one hones these critical thinking abilities while
constructing and preparing an argument for peer review, as well
as reviewing the arguments of others.

Evidence of meaningful student learning as a result of
argument/peer review-based instruction has been documented
in research with children (Bell, 1998; Brown & Campione, 1990)
and with high school students (Sandoval & Reiser, 1997; Tabak
& Reiser, 1999). Brown and Campione (1990) concluded that
the discourse that evolved in their research setting helped promote
“significant improvements in the students’ thinking skills and in
the domain-specific knowledge about which they are reasoning”
(p. 124). These research findings also suggested that the ability
to critically evaluate scientific evidence might be enhanced with
practice.

Although the use of argument construction and peer review
has received little attention in the teacher education literature,
the lack of their use with teachers has been recognized (Smith,
Conway, & Levine-Rose, 1995). The apparent disregard for
argumentation in physics teacher education is of great concern
since failure to engage students’ in argumentation has been has
been associated with the inability to critically evaluate scientific
claims (Norris & Phillips, 1994; Solomon, 1991).

An instructional environment such as the one suggested here
would encourage a more accurate vision of scientific knowledge
construction than what is portrayed in confirmatory laboratory
courses so visible in many undergraduate physics programs. That
is, a vision of scientific knowledge construction where discursive
practices are seen as integral to the process (Driver, Newton, &
Osborne, 2000; Lampert, 1990). For example, amidst the
diversity of data and interpretations that may emerge from an
investigation, there will most likely be contradictory
interpretations presented. If the “right answers” to the research
questions or hypotheses are not known or emphasized, physics
teacher educators can engage practicing and prospective physics
teachers in post-presentation negotiations aimed at resolving
conflicts. Many in the physics education community have
identified this type of argumentation and negotiation as being
similar to the cooperative construction of knowledge that often
takes place in the expert scientific community (e.g., Carey, 1985;
Kuhn, 1962; Nersessian, 1989). In addition, post-presentation
negotiations are likely to illustrate the theory-laden nature of
observation, common logical fallacies in argumentation, as well
as the characteristics of compelling evidence.

Since the ability to critically evaluate evidence might indeed
be linked to practice, physics teacher educators could also provide
practicing and prospective teachers with additional opportunities
to evaluate scientific evidence by utilizing classroom passages
similar to those used in this study. The evidence presented in
these hypothetical scenarios could be the subject of both
individual and large group analyses.

It should be noted, however, that these additional
opportunities do not have to be limited to the evaluation of
hypothetical student-generated evidence. Physics teacher
educators could also provide practicing and prospective teachers
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with the opportunity to evaluate scientific evidence collected by
actual secondary school students. To do this, physics teacher
educators might call upon the resources and expertise of
secondary school physics teachers from surrounding
communities. Physics teacher educators could work along side
these teachers in an effort to convert evidence and data from
“real” students’ investigations into a format appropriate for
inclusion in teacher education curriculum. In fact, this strategy
has already been used successfully with practicing physics
teachers. For example, Feldman (1993) found that the physics
teachers involved in the Physics Teacher Action Research Group
(PTARG) developed a deeper understanding of physics subject
matter concepts as a result of their collaborative evaluation of
student work.

We invite interested physics teacher eductors to contact us
directly with reactions to this study as well as ideas about its
implications for teacher education. Additional information about
the larger study can be obtained by contacting the first author.
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The Fresno Collaborative for the Excellence in the Preparation of Teachers is an NSF sponsored program aimed at recruiting
and training outstanding math and science teachers for K-12 teaching positions in California’s Central Valley. This
multifaceted collaborative has held a summer physics modeling workshop for the past four years, in the same vein as
Arizona State University’s modeling instruction program. The results from two summers worth of interviews and assessments
on modeling training indicate improved teacher comprehension of physics content as well as enthusiastic support from the
participants in the modeling approach. Lastly, follow-up interviews with teachers have indicated that modeling instruction
has greatly influenced their teaching styles and that they find their students more attentive and enthusiastic participants in

their classrooms.

Background

The Fresno Collaborative for the Excellence in the
Preparation of Teachers (FCEPT) is a partnership between
California State University, Fresno, Fresno City College
(FCC) and the Fresno Unified School District (FUSD),
funded by a four-year grant from the NSF starting in 1999.
A recruitment pipeline has been established with
surrounding community colleges. The experience and
wisdom of other CETPs in California have been essential
in the development of effective in-service and pre-service
training activities. We have received industrial sponsorship
through a GTE technology grant over the summers of 2000-
01 for our Project Science students. The support helped
demonstrate ways to more effectively teach science through
mathematically-based tools such as graphing calculators,
sensors, and interfaces. Sixteen other local, state and federal
collaborators have helped to provide teacher training in
content and through experiential learning. These
collaborations are designed to satisfy one or more of the
following project goals.

1. Recruitment of committed and academically successful
pre-service science and mathematics teachers into the
teacher preparation program for middle and secondary
school science and mathematics.

2. Pre-service mentoring of students by university/college
district science and math and education faculty.

3. Early field experiences for pre-service undergraduates
in science and mathematics.

4.Development of a five-year academic program
combining pedagogy with content.

5.Revision and field-testing of university/college science
and/or math content and methods classes.

6. Employment of a “clinical model” for science and math
methods classes whereby school district faculty and
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others are involved in the presentation of science or
mathematics teaching methodology.
7.Implementation of a comprehensive content/pedagogy-
based summer institute series for pre-service science
and math teachers and in-service science and math
teachers
8. An academic year special support program for final
student teachers, teaching interns, and new teachers.
9.Implementation of a program that results in hiring
assurances from local district for FCEPT graduates.
10. Implementation of a partnership program that
serves as a dissemination model for the nation and one
that is fully institutionalized beyond the funding period.

Teacher Profiles

In 2001 there were seventy-five students heavily
participating in FCEPT with forty-seven (63%) being minority.
This minority participation closely reflects the regional
demographics and is evidence for FCEPT meeting its target for
underrepresented groups. We believe this data makes us one of
the highest minority enrolled single subject science and math
teacher preparation programs in the state and nation. The
breakdown for the different FCEPT participants shows that fifty-
five students are enrolled in the FCEPT program as
undergraduates with 56% (31/55) of the students from minority
groups and 55% being female (30/55). The Credential Program
has twelve students, 75% of whom are minority. Lastly, all five
of the first-year teachers are minorities and two of the three interns
are minority. The ethnic breakdown of undergraduate FCEPT
minority students is 74% Hispanic, 10% Hmong, 6% African-
American, and 10% other minority. FCEPT students have a
relatively high GPA of 3.11 (S.D.=0.40) as a group with a median
of 3.095. Eighty-nine percent (47/53) of the FCEPT students
were enrolled at CSUF and 11% (6/53) were enrolled at FCC.
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FCEPT students represent all undergraduate classes (i.e., 3
freshman, 10 sophomore, 18 juniors, 22 seniors, with 1 getting a
second degree). The majority of students recruited have a
preference for teaching high school, though approximately 40%
of the students have yet to decide which grade(s) they prefer to
teach.

FCEPT students who are often referred to as FCEPT
‘Fellows’ are expected to maintain full-time student status, attend
all project meetings and events, and maintain a fairly high
academic grade point average. In turn support is provided by
the project. This support involves summer program support, an
academic year scholarship, enrollment in a paid early field
experience ‘“Teaching Assistantship Program” and other income
earning programs as appropriate. Naturally, FCEPT, to date, has
lost some students due to a variety of factors such as career
changes, inability to meet academic requirements even after
extensive assistance, or failure to maintain a commitment to the
project requirements etc. While painful initially, in the long run,
our standards have made the project more attractive to potential
future science and mathematics teachers and we are looking at a
waiting list in the future and/or the expansion of support for these
students. The project is not viewed as an entitlement program,
which of course it is not. The causes for the attrition are many.
However, the project has different programs in place in an attempt
to support all students that participate including, but not limited
to tutoring, counseling, work placement and others. We are
dedicated to losing as few students as possible especially when
financial reasons are cited as the major problem. Within the
scope of our ability to provide assistance, it is provided. Those
students who are dropped are given every opportunity to re-enter
if there is evidence that such consideration is warranted.

Special Academic Year and Summer Programs/Institutes

The FCEPT summer science institutes provided our FCEPT
science students and mentor science teachers with an opportunity
to work together in a relationship and setting very different from
the Teaching Assistant/Mentor Teacher role played during the
academic year. The summer science institute also provided
opportunities for college and university science faculty to field
test and revise certain elements for delivery of content of regularly
offered courses. During the summer of 1999, FCEPT, merging
resources with the Fresno Unified School District’s Urban
Systemic Initiative, offered two major institutes. The intensive
10 day-long Secondary Science Institute (with a follow-up field
trip held later in the summer) focused on integrating key cross-
disciplinary science concepts incorporating energy dynamics and
environmental topics as major points of connection. FCEPT has
also enjoyed outstanding success in providing some very
worthwhile enrichment workshops and institutes in science and
math/education topics.

We have provided or are currently providing academic year
workshops/summer programs dealing with entomology,
environmental science, biotechnology, equity in science and math
education, laboratory interface software and hardware,
applications of technology in teaching science and mathematics,
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embedded literacy in science and mathematics, fractals and chaos,
problem solving, web design in math teaching, and modeling
physics. These workshops and institutes have been well enrolled
and well received. These programs provide a means by which
the university/college faculty and district science and math
teachers can pilot teaching strategies. These are often later
infused into regular academic year courses' taken by
undergraduate and credential students in the pre-service program.
Evaluations of these offerings have revealed a very high level of
satisfaction on the part of the participants.

During the summer of 2000 and 2001, FCEPT offered three
institutes: Modeling Physics (MP), Conceptual Chemistry, and
Problem Solving or Modeling Mathematics. The institutes were
three weeks long and occurred in June of 2000 and 2001. Each
institute met Monday through Friday for three hours (i.e., 1:00
P.M. —4:00 P.M.) and were co-taught between university faculty
and area high school teachers. We will focus on the results of
the summer physics modeling workshops and its impact on the
FCEPT students. In this paper, the term “modeling” reflects the
spirit of Arizona State University’s Modeling Method of
instruction.? The following summary from the workshop’s
evaluator includes candid responses from the participants.

Modeling Physics - Institute Description

Modeling Physics Institute (MPI) is a learning approach that
attempts to help students construct conceptual understanding by
converting physical models into mental pictures. Instead of the
traditional coverage of seemingly disjointed topics, a few core
models are used to describe a broad range of physical phenomena.
The process involves the development of commonly understood
operational definitions, a paradigm laboratory activity, a
consensus model, application and refinement, and ultimately
deployment. Furthermore the consensus description is expected
to be expressed through multiple representations (graphical,
verbal, diagrammatic, and mathematical) to reflect a range of
learning styles. In each institute the participants have split into
two sections based on self-selection using their comfort level
with physics as the benchmark. The students more comfortable
in physics dealt with force/motion models (FMG); whereas, those
uncomfortable with physics worked on graphing and kinematics
(GKG). Generally, the high school physics teachers and
approximately half of the FCEPT students were in FMG and
middle school teachers and the other FCEPT students were in
GKG.

Goals

There were both content and pedagogical goals for the
modeling physics institute (MPI) with different content goals
based on the session’s participants. The session instructors
explained:

FMG (Comfortable Group) ...the major [content]
goal is to allow the participants to have a better
understanding of motion and force as Newton would
see it and measure it by the Force Concepts Inventory
(FCI), so we pre-tested and post-tested.
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GKG (Uncomfortable Group) ...they need to have
better understanding of motion and I would really like
them to have a good understanding of how to read a
graph, how to develop a linear model from data. (These
students were pre and post-tested using the Test of
Understanding Graphs in Kinematics — TUG-K).

For both groups: The second major goal is a
pedagogical goal. We want them to learn how to employ
student centered activities that have the right amount
of structure so that students are learning, that they are
constructing their own learning, but while at the same
time you are getting through content at a reasonable
pace. Basically, we try to model, as facilitators, we try
to model those teaching techniques that we want them
to use.

Course Design

The MPI blended whole class demonstration/lecture in a
lecture hall with experiments carried out in physics student labs.
As mentioned previously, the students were separated into two
groups based on the students’ comfort with physics. The
experimental sessions were in small groups doing:

* Data collection based on a guiding set of questions or models
that needed explanation.
* Data collection and analysis using computer-based probes
and software.
* White boarding (i.e., small group processing on dry erase
marker whiteboards).
* Group presentation of results and conclusions.
* Class questions and discussion.
* Deployment questions (i.e., questions that dealt specifically
with the lab content.
Lab sessions were facilitated by the instructors that modeled the
following:
* Questioning.
* Building knowledge from student understanding.
* Using evidence for conclusions.
* Explaining based on words and mathematical statements.
* Small group work.
* Whole group discussion.

The course was designed to promote a constructivist
classroom where the instructor facilitated learning. In an attempt
to determine what physics knowledge students had at the
beginning of the course, the instructors had the students take
two standardized multiple-choice assessments (i.e., Force
Concept Inventory (FCI)* and Test of Understanding Graphs in
Kinematics (TUG-K)*). The instructors also had the students re-
take the assessments at the end of the course; however, the
students that were not comfortable with physics (GKG section)
did not re-take the FCI because their curriculum did not focus on
force. The results of these assessments will be given below in
the student achievement section. The FMG students also took
the Force and Motion Concept Evaluation (FMCE)’ during the
course as a second check on student understanding of force and
motion.
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Course Activities

Each day a 30-45 minute joint session was held with all
participants (math, chemistry and physics) introducing a common
theme that was part PowerPoint presentation, demonstration and
whole group discussion. The themes were chosen from “Hestenes
Lectures™ (“Expertise”, “Preconceptions”, “Improving student
discourse”, “Cognitive foundations”, and “What to teach”) and
from field-expertise provided by the experienced workshop co-
leaders (“The modeling cycle”, “What is a model?”,
“Whiteboarding”, “Modeling assessment”, “Socratic dialog”,
“Ratio reasoning”, and “Dealing with standards”). Students then
went to their respective lab rooms. Both the FMG and GKG
sessions lasted about 2.5 hours with a break and were populated
by 15 and 14 participants respectively.

A typical day involved examination of a paradigm lab
activity, through data taking, whiteboard discussion, and
workbook activities. At all times the facilitator modeled how an
MP teacher would act in the classroom. Below is an example
taken from one of these activities emphasizing the point of ratio
reasoning. One group of three students presented their findings
on an experiment to determine the relationship between constant
acceleration and the velocity of an object (car rolling down an
inclined ramp). The students described their experimental
arrangement of photogates and the data. Their conclusion was
“...velocity increases at a steady rate.” The facilitator modeled
the philosophy and pedagogy of MP by having students define
new terms. The following excerpt from this discussion follows:

Facilitator — You are using a new term, acceleration,

what does this mean?

Student — Change in velocity.

Facilitator — Can you interpret acceleration as a ratio?

Student — For every one second, speed increases by

0.809 m/s.

After the second group presented, the facilitator stated: “Let’s
take a couple of minutes to talk about the modeling cycle.” The
facilitator then used 12 minutes to go over position versus time
graphs and velocity versus time graphs for constant velocity
particle model. There was discussion about how a teacher would
do this in a classroom where friction may be an issue. There was
also a discussion about uniformly accelerated particles with
associated graphs. In summary, the facilitator restated the
modeling cycle:

* Pre-lab discussion— development of operational definitions.

* Collect data on computer laboratory interfaces and analyze
with graphing software.

* White boarding discussion.

* Consensus and post-lab discussion.

* Deployment worksheets.

Similar activities took place in the FMG section, with the
emphasis more on force models. Prior to, during and after the
presentations the facilitator discussed issues about classroom
implementation of modeling instruction. For instance, prior to
group presentations the facilitator stated:

“When I teach, the first several groups take more time...
Think what you agree and disagree with and talk about that.”
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During the first presentation: “One thing I do [in my
classroom] is make a few comments [about the presentation].
After the presentations: “We are going to do consensus, |
am pretending to be the teacher... The conversations you
are having are the same as kids. I have about 80% of my
kids involved, that is great and much better than when I
lectured.”

When groups presented their results the facilitator also
focused on making meaning of the content and graphs. For
example, he asked groups: 1) Put your mathematical statement
into words; 2) What is the significance of the line going through
zero? 3) If you double the mass, what happens to the length?
Lastly, closure of the activity centered around the slope of the
lines that the different groups generated; what those slopes mean;
and if the group found a constant. The consensus was that the
slope of the line indicated the area density of a given material
and because the groups used different material that there was no
general constant. The class ended with a homework assignment.
Both sections of the MPI attempted to implement the content
using the educational tenets developed by Hestenes et al. The
survey that follows will give the student perspective on the
frequency of instructional strategies that the facilitators used
during the course.

Student Surveys

Students in the MPI filled out the same survey for both
summers. The survey attempted to determine the frequency of
instructional practices that are considered to be reform oriented.
The scale used on the survey is a 4-point Likert with 1 being
never and 4 being almost every class. Analysis of the mean
responses from 29 students this year indicates that MP sessions
used reform oriented instructional strategies on a daily basis.
That is, a majority of survey items had a mean rating close to
(4). Some of the more important items that the MPI used almost
daily are:

* Structured cooperative groups.

* Whole-class discussions.

* Use of objects or models.

* Perform investigations.

A comparison between the two year’s responses did not give any
significant differences; however, there was a trend for items to
be rated slightly lower in 2001. In the table below, students rated
9/12 items lower this year than last with “Write lengthy
descriptions of your reasoning” decreasing the most (i.e., 3.2 to
2.8).

When asked about the different frequency of assessments and
assignments in the courses, both groups felt there were multiple
types of problems, assessments, and assessment items that asked
for different information. It is significant, and aligned with re-
form practices, that this course used a variety of methods to have
students engage with the content. For example, MP provided
opportunities for students to engage in items involving knowl-
edge and comprehension and items involving application, syn-
thesis, and evaluation almost on a daily basis (rating =3.7 on
both items). Again, the ratings for 2001’s MPI were less in 9/10
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1=Never, 2=Rarely (1-2 times/course), 3: imes (3-4 ti se), 4 = Almost every class
2001 MPI 2000 MPI
(n=29) (n=34)

Mean SEM Mean SEM
Work in structured cooperative groups? 40 003 39 007
Participate in whole-class discussions? 37 0.10 39 0.04
Ask content-oriented questions in class? 38 0.07 39 004
Manipulate concrete objects such as models or 3-D 37 0.08 39 0.06
representations?
Do activities where you could pose questions and seek 38 0.08 39 0.07
evidence?
‘Write lengthy descriptions of your reasoning? 28 0.16 32 0.16
‘Work on problems related to real world or practical problems 33 0.13 35 0.15
Perform investigative activities such as data collection, 39 0.06 39 0.05
analysis, and various types of representation?
Make connections to other SMET and non-SMET fields 30 0.16 33 0.15
Participate in required field experiences that enhanced your 26 025 24 025
knowledge of course concepts?
Design presentations that facilitate your leaming course 36 0.14 39 0.06
concepts?
Evaluate the extent of your own learning? 34 0.16 36 0.11

Table 1. 4-point Likert survey comparison between summer 2000
and summer 2001 participant responses to instruction in relevant

teacher skills. Note the high average responses imply that the
workshop utilized these skills on a daily basis.

items with the largest decrease observed in writing (i.e., essays
2.6 to 1.8). The MPI used technology almost daily to learn in-
formation and to gather and analyze data.

Lastly, it is significant that the MPI promoted a supportive
culture for reflection and learning. The scores in the following
table are indicative of a course that is very much reform oriented
and is attempting to become student and inquiry centered and
make the student responsible for their learning.

1=Never, 2=Rarely (1-2 times/course), 3=Si imes (3-4 ti se), 4 = Almost every class
How often did you i 2001 MPI 2000 MPI
that include: (n=29) (n=34)
Mean SEM Mean SEM
Problems with straightforward (simple) solutions? 34 0.14 34 0.12
Problems with complex rather than simple solutions 34 0.13 36 0.10
Portfolios 1.7 023 1.8 0.19
Essays 18 0.17 26 0.19
Multiple choice-Short Answer items 22 0.18 23 0.18
Items involving knowledge and comprehension 37 0.10 39 0.07
Items involving application, synthesis, and evaluation 37 0.10 39 0.06
In-class activities that helped you gauge how much you 37 0.11 39 0.06
understood course concepts
Assessments that required you to think about concepts and 36 0.12 37 0.11
critically analyze information
Assignments that required you to think about concepts and 37 0.10 39 0.05

critically analyze information

Table 2. 4-point Likert survey comparison between summer 2000
and summer 2001 participant responses to assessment issues, af-
firming the workshop was geared toward active engagement.

Although the MPIs provided opportunities aligned with the
reform course indicators, comparison between the two MPIs
exhibited a decrease in 10/11 items. Three of the reductions
were 0.4 or greater and were in indicators that the reform most
wants to increase (i.e., questions in bold). The survey data pro-
vide evidence supporting classroom observations indicating MP
uses:
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1=Never, 2=Rarely (1-2 ti e), 3=S imes (3-4 ti e), 4 = Almost every class
Use Technology (e.g., computers) 2001 MPI 2000 MPI
(n=29) (n=34)

Mean SEM Mean SEM

To learn more information 35 0.13 35 0.13

To drill and practice skills learned in class 28 022 32 0.18

To understand in more depth concerns taught in class? 36 0.15 38 0.08

As atool in investigations to gather and analyze scientific or 37 0.10 39 005

mathematical data?

As atool to prepare written reports or presentations 28 021 27 022

Table 3. 4-point Likert survey comparison between summer 2and
summer 2001 participant responses to technology usage, which
were generally supportive.

1=Never, 2=Rarely (1-2 ti se), 3 imes (3-4 ti se), 4 = Almost every class
Course Culture and Philosophy of Learning 2001 MPI 2000 MPI
(n=29) (n=34)

Mean SEM Mean SEM

Have opportunities for reflection in math i i ? 33 0.17 37 0.10

Supportive atmosphere for learning new ideas? 35 0.18 39 0.07

Learning settings that showed respect for diversity 33 0.16 3.6 0.13

Learning settings where you influenced course activities 31 0.16 3.6 0.11

Asked you to take responsibility for your own learning 36 0.13 38 0.08

New information was based on what you already knew about 34 0.16 35 0.12

the topic

You learned course concepts through inquiry 36 0.11 39 0.05

The instructor acted as a guide to facilitate learning 38 0.09 39 007

Your assessment results are used to modify what is taught 33 0.17 33 0.16

and how

You have appropriate time, space, and resources to learn the 35 0.17 38 0.09

course concepts

Classes are communities of learners 3.6 0.16 38 0.12

Table 4. 4-point Likert survey comparison between summer 2000
and summer 2001 participant responses to culture and philoso-
phy, supporting the reform-oriented workshop.

* Reform-oriented instructional strategies that are
implemented on a daily basis.
* Multiple methods to assess student understanding that are
implemented during the course.
* Technology to collect and analyze data and as a tool to help
learning.
* Inquiry and student-centered practices.
The data also indicates that there may be less of many of the
above occurring in any given day, especially in asking students
to write. This may be something that the instructors monitor in
subsequent institutes. It is one thing to change instructional
practice and another to increase student understanding. The MP
students took several assessments (FCI and TUG-K) at the start
and end of the course. These results are presented next.

Student Achievement

The MP students were given the Force Concept Inventory'
(a 30 item multiple-choice test developed to assess student
understanding of Newtonian dynamics and the Test of
Understanding Graphs in Kinematics? (a 20 item multiple-choice
test developed for testing the ability to interpret graphical
representations of motion). Participants were pre-tested and post-
tested on the FCI and TUG-K with the exception of the GKG
students not taking the FCI post-test. The GKG students did not
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TUG-K All Students FMG GKG
(n=30) 0=15) (0=15)
Pre-Test
(mean + SEM) 9.0=+0.99 12.1 £ 1.30 6.0 =1.03
Post-test
(mean + SEM) 13.1 £0.79 14.8 + 1.03 114 +1.04
Growth
(Raw Score = SEM) 4.1 £0.53* 2.7+ 0.71* 5.4 +0.67*
Growth
(Percent change x 100) 46 22 90
Growth 37 34 38
(Normalized x 100)

Table 5. TUG-K results for all students, FMG students and GKG
students. (*) Denotes significant difference at p<.05, two-tailed
paired-sample T-test. Percent growth is calculated by dividing
the increase in mean raw score by the pre-test mean. Normalized
growth is calculated by dividing the mean raw score by the
difference between the maximum score minus the mean pre-test

score (e.g. 4.1+(20—-9) x 100 = 37).

study forces during the course; thus, there would not be any reason
to see great improvement on the FCI. The results of the TUG-K
indicate significant growth in students’ ability to interpret
graphical information about motion over the 3-week course.
There are three important points to make about the results:
1. There was significant average growth based on all categories.
Not shown is individual data that indicates every student
increased their score with one exception — a student that
pre-tested at 19/20 post-tested at 18/20.
2.FMG and GKG groups represent students with different
experience and knowledge with respect to interpreting graphs
dealing with motion. That is, pre-test data comparison shows
that the average FMG student (12.1) had twice as many
correct answers as did the GKG group (6.0).
3.GKG students increased their scores the most, i.e., from 6
to 11.4 correct answers but there still is a significant
difference between the FMG (14.8) and GKG (11.4) student
scores as a group.
Another way to look at the data is to break the groups into FCEPT
students, teachers, middle school teachers and high school
teachers to see if there are any differences between these groups.

The following table provides data on FCEPT students, all
teachers and teachers separated into middle and high school.
Although no significant differences were found, there is a trend
for FCEPT students and high school teachers to score better on
the TUG-K than middle school teachers. The most important
observation to make from this data is that: All groups showed
increases in their scores, indicating that the course is meeting
some of the needs of all participants. Changes between pre- and
post-test scores were not significantly different due to the small
sample size and relatively large variation in scores within a
subgroup.

The TUG-K data appears to demonstrate that some of the goals
of'the MPI were met with respect to enhancing student knowledge
and understanding of interpreting graphical data pertaining to
motion, similar data was found for the FMG students on the FCI.
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FCEPT Students  Teachers  Middle School High School
TUG-K (n=18) (n=12) (n=7) (n=5)
Pre-Test
(mean = SEM) 103 +1.32 72+1.38 6.1 =1.75 8.8 +2.18
Post-test
(mean = SEM) 13.7x 1.05 122 = 10.6 = 1.41 14.6 = 1.44
1.17
Growth
(Raw Score + SEM) 3.4 + 0.66 4.6 = 0.90 44 +1.13 5.8 +1.46
Growth
(Percent change x 100) 33 64 72 66
Growth 35 36 31 52
(Normalized x 100)

Table 6. Pre and post TUG-K data for FCEPT students and
teachers. No significant differences were observed between pre-
and post-test scores or between groups. Percent growth is
calculated by dividing the increase in mean raw score by the
pre-test mean. Normalized growth is calculated by dividing the
mean raw score by the difference between the maximum score
minus the mean pre-test score.

As stated earlier, the FCI attempts to measure an individual’s
understanding of Newtonian dynamics. As a group, the FMG
students pre-tested at the 52% level (i.e., pre-test/maximum score;
15.7/30). The class averaged an increase of 7 correct answers
on the post-test with the mean score being 75% — or a 23%
overall increase. FCEPT students initially out-performed the
teachers on the pre-test; however, the teachers had higher post-
test gains that resulted in both groups reaching the same 75%
score on the FCI.

FCI FGM students only ALL FGM FCEPT-FGM | Teachers-FGM
Pre-Test 157 = 1.97 173 £2.66 13.7+2.96
(mean = SEM)
Post-test 226 +1.25 226 +1.89 22.7 +1.69
(mean + SEM)
Growth 69 =1.14% 54+ 143% 90 = 1.61%
(Raw Score = SEM)
Growth 44 31 66
(Percent change x 100)
Growth 48 43 55
(Normalized x 100)

Table 7. Force Concept Inventory scores pre- and post-test for
all FMG students and for FCEPT students and teachers. Percent
growth is calculated by dividing the increase in mean raw score
by the pre-test mean. Normalized growth is calculated by dividing
the mean raw score by the difference between the maximum score
minus the mean pre-test score. (*) Denotes significant at the
p<0.05 level on two-tailed paired-sample t-test.

The TUG-K and FCI assessment results both increased
significantly demonstrating marked students’ understanding
based on these instruments. Although care should always be
considered when using single tests to evaluate changes in student
achievement gains, the fact that both assessment instruments
showed student gains increases the probability that the instruction
during the course contributed to student increase in knowledge.
It is important to mention that a part of the success of the MPI in
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increasing student achievement, based on the FCI and TUG-K,
is due to the alignment of curriculum with these assessments.
One measure of student achievement from the institute was how
classroom practice was impacted. Some of the indicators that
will be used were defined by one of the MP instructors:

If you walked into a room you would see students
engaged in activities, students would be looking at
phenomena, asking questions, going through the
scientific process and trying to answer those questions.
They would be taking data, they would be interpreting
the data, developing graphical and mathematical
models from that data. They would be presenting their
results to the class on white boards. Students would be
asking students about what is on their white board. The
teacher would not be the dominant source of knowledge,
the students would be constructing knowledge, the
teacher that is there would be there to hopefully prevent
them from heading down deadends, as a guide, as a
facilitator. But they would be asking students questions,
they would be involving dialogue about the material.

The next section will highlight a student’s experience with both
the MP and traditional physics course.

One Student’s Story

One of the easiest ways to portray the difference between
traditional and reform courses is to find an individual that has
experienced both and have them tell you their story of the two
courses. This section will provide such a story. A student in the
GKG section of MP had just finished first semester physics (2A)
at CSU Fresno. We will present her story of the differences she
found between the MP and Physics 2A course.

1 took Physics 24 (algebra-based college physics)

this past semester so I just finished and I am taking the

Modeling Physics course now. And in Physics 24, we

went so fast, we went over so many terms and I learned

how to solve the problem, but I didn t really understand

the meaning... 1got an A, just because a lot of the physics

was math and I was able to solve the problems. [In] the

Modeling Physics ...I understand what the terms mean,

what position means, using the operational definition,

what I think a term means and then using a model to
understand what the terms mean and how they are
related in graphs... it has brought a whole
understanding to everything that I have learned to this
point in my physics class that I didn t understand before.

We start with this comment because it is a powerful statement
about how reform instructional practice can impact student
understanding of content. This comment is from a FCEPT student
that took CSU Fresno’s traditional undergraduate physics course
and earned an (A) due to mathematical skills — not because of
understanding the physics. In fact, this student had a pre-TUG-
K score of 9/20 and decided to be in the physics uncomfortable
group (GKG) even after obtaining an (A) in introductory physics.
This student’s post-TUG-K score was 18/20; thus, there is
empirical evidence to support the student’s statements about
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learning in the MPI. This student continues with other differences

between the MP and traditional physics labs and course:

First of all, in the Physics 24 course, my teacher
did do some good experiments in front of the class, but
we weren t really involved in the experiments. We were
watching, so for me it didn't do very much for my
understanding. In the labs [Physics 2A], it was hands-
on, but I think, we had the whole experiment written
out in front of us. We had to follow the experiment, get
the results. ... I may have understood some stuff and 1
may not have, but in the Modeling Physics, with the V
diagram!, we are creating our experiment, we are
solving it, we are getting our own data and that is really
helping me understand what is happening and why it
happens. So I think it is more, in the Physics 24 lab, it
was hands-on, but I wasn t working to understand what
I was doing.

The student was asked to expand on some of the strengths

of the MPI from her perspective.

One thing that has really helped I think, I really
like the modeling. Well first we are doing, in the
Modeling Physics, we are doing a V diagram, so we are
able to look at the problem statement, find the variables
and just write out our little experiment. We are writing
out what we think is our hypothesis, what we think the
graph may look like, our controls, our variables and
the data. Then we are going in and finding the data. We
are using computers, but what I really like is the use of,
after doing the V diagram, the use in groups of the white
boards, because we are able to talk and we are able to
solve the problems. What really helps me is to speak
about the problems. If I can speak about it and voice it
and talk to others and we are working together to solve
something and figure something out. I learn it a lot
better than if a teacher were to just tell me, “This is
how it is. This is how you solve the problem. Now do
it.”

they were all different, they were all kind of in a similar
direction, but you know operational definitions are kind
of what you think something should be. It helped me
learn more because I wasn't following someone else's
definition, ...I was learning by what I was doing and
what I was thinking, I was working my mind, I wasn't
doing what someone else said.

But anyways, for that equation, so we defined stuff
and then, what we did is, we started out with graphical
analysis... we got the data points, we graphed them and
from that, we were learning position versus time. Then
we went into learning, the slope of that is velocity and
why it is velocity... We related it to the mathematical
model, y = mx + b and that is how we got the position,
the velocity, the time and the initial position. We kind
of related it to that and related it to the models that we
were doing. Idon 't know, just all of that work in relating
things helped me to understand where everything was
coming from and how to use it in different situations.

One of the reform’s most important goal is to have students
generalize their findings and understanding so that when different
problems surface the student is not looking for formulas in which
to plug in the variables, but, instead are looking to understand
the general principals that may apply to a problem and work
from there. The above statement certainly seems to support the
idea that the MPI helped this student move from trying to plug
variables into formulas to understanding general principals.
Another goal of the reform is to have students work with each

other to solve problems and present their results.

The MPI definitely seemed to allow this student to reflect
on the content with evidence that she obtained through

experimentation. The student discussed an example of how
students approach specific content in the Physics 2A and in the

MPI.

Okay, for example, the kinematic equation, like
position = velocity x time plus the initial velocity. We
did that in the Physics 2A course. He gave it to us. 1
knew if I had velocity, I plug it in here, if I have position
I plug itin here and if I have time and if I have everything
but one variable, I take that variable and I plug it in.
So I understood that.

But now in this class [MP], because we started with
operational definitions and we were able to define
things, our own way and actually, what I liked, he had
everybody in the class write down an operational
definition and then we put them all up on the board,
and we saw that they were all different. So because
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The student believes that teaching the MP approach will take

We have our partner, but then we interact with other
groups. I work with my partner, we talk about things
and then we see what the other groups did and compare
problems. ...I have talked to some people in the class
and I think they feel basically about the same way that
1 do, it is really helping them in their understanding,
maybe not in physics but even in math, concepts. The
modeling has helped them understand why we did things
in math. Why we are doing things in physics.

MPI had two goals: content and modeling best practice. The
following response from the student was received when she was
asked if the MPI would make her a better teacher.

I am in the FCEPT program and this last semester
was my first semester and I had a slow start getting into
the high school. Iwas in the high school for one month
and that was it. So I have had no, or hardly any
experience in the classroom and I wonder if I will be a
good teacher. But just this course and watching my
teacher [MP] teach and the methods he is using, ...1t is
really helping me get confidence, I can do this, this is
really working for me, why can't it work for other
students?

more time.

Page 20

1 think it would take a lot more work, a lot more
work planning the strategies, planning the modeling or
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the experiments, that they want the classes to do. Yes,

setting everything up will take a lot of time, I am sure.
Lastly, the student talks about what she likes most about the MPI
versus the Physics 2A.

...in my Physics 24 class, it was a bigger class, but

the teacher wouldn t really challenge us, he just lectured,

he wouldn t ask questions, he wouldn't challenge what

we know. And in this class [MP], the teacher is

continually asking us questions, making us think and

he is not telling us the answer, but he is making us think

about it through this process. We are trying to figure it

out, and I really liked that, it makes me think.

This student’s story is exactly that — a single person’s
perspective of the differences between a traditional undergraduate
physics course and the MPI. This student believes she learned a
lot about mathematics, physics and how to teach from the course.
Some of the other students interviewed have a different perception
of the two MP sessions. Their comments will follow.

Participant Comments
The observation of three sessions and the student’s perception

above portray the MPI as being very successful at engaging
participants in physics or mathematics in a reform-oriented
fashion. The scores from the TUG-K and FCI also indicate that
the MPI helped participants learn graphical analysis and physics,
respectively. The following comments were obtained from a
randomly selected group of participants — three were in the FMG
and one was in the GKG. The individual pre-, post-test scores
for the 3 FMG participants on the TUG-K and FCI are: (TUG-K:
10,12; 15,16; 28,27; FCI: 7,17; 21,28; 28,27). The GKG
participant had pre-post TUG-K scores of 5 and 14. Two of the
FMG participants scores increased dramatically on the FCI (one
participant had no where to go on this assessment) and the GKG
participant exhibited a large increase on the TUG-K. Generally,
these participants appeared to increase their knowledge when
assessed by the instruments used in the MPI. The remainder of
this section will provide quotes from participants about:

* General feelings toward the course.

* Things that they liked about the course.

* Perceptions of impact on their content knowledge.

* Perceptions of impact on their teaching.

* Concerns of Participants.

* Ways to improve the course.

General Feelings Toward the Course
There was a wide range between how individuals felt about
the course. Comments from the FGM course first followed by
the GKG comments.
FGM: Comparing this year and last year, there have
been some bright moments, some good moments in the

large degree of frustration when you don t get it. I think
one of the flaws in the modeling method is that it is just
a little too rigid because when a student doesn t get it,
sometimes they just need to be told and then go back to
the modeling method and maybe they will get it. But
when you are constantly clinging to your Socratic
method, sometimes it causes more confusion and more
frustration than I think is good.

Generally speaking, 1 feel there is a lot of value in
the course, but let me clarify some things. ...what I see
is the Socratic method, the modeling method. Those
are very good techniques, but there are also techniques
and strategies that have to go along with that process,
some basic universal techniques that aren 't also being
modeled and I use that in a different sense, as the
Modeling Physics, as we use that word model. For
instance, you need to make sure that the techniques that
you incorporate when you are giving information to
students that they can read that information, that it is
legible on an overhead projector, ... If you have
equipment that you are using in the classroom, that that
teacher has already used the equipment. So many times
we have tried to use equipment in a classroom and our
instructor has never used the apparatus. ...it has been
very frustrating when I spent two hours on a piece of
machinery trying to jury rig it to work right and finally
coming up with something that might work okay. ...The
other thing is, the misconceptions. When you don t have
the vocabulary, coming from the first physics class last
year, that does not prepare you at all to come into the
second physics class. ...Ithink there are some big holes
that never, ever get filled from the first class to the second
class.

1 have a generally favorable impression of the class.
It is hard for me to make any kind of judgement, because
I don't have any teaching experience, I only have one
semester as a teaching assistant and I have never taken
any classes on teaching itself, ...I generally like what
we are being taught so far.

GKG: [t is not a course that is going to straighten
out the content of physics for you. ...I went in what they
said was the less intimidating section, but we have
several college kids in there that have just finished
physics, just finished the first semester of physics and
they struggled with some things too, because it doesn t
cover content. ...a lot of the teachers in there have not
had any physics and you can tell. They are using velocity
and all of these different things interchangeably and
you start talking to them and they have really nutty
thinking and it is not clearing up.

The above comments suggest that some participants felt the
MP sections were unevenly implemented for several reasons:
1. Implementation of the modeling instructional strategies.
2. Frustration with understanding the content.
3. Frustration with setting-up and using the equipment.

modeling technique and there have been some real

downer moments. I understand the whole idea behind

Socratic questioning, ...I understand the value of

students discovering, if you discover something on your

own you really do get it forever. ...but there is also a
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4.Lack of physics content.
Though participants stated frustrations with the MPI most found
portions that they liked.

Things That They Liked About the Institute

Most participants enjoyed some aspect of the MPI, though
one participant out of 29 could not state something that they
enjoyed.

I had a student that was with me last year in the
FCEPT program, and he happens to be also in the class.
1think it is a really nice chance for him to see his teacher
in a different light, which is really good, and to also be
able to see us side by side as professionals.

I like all of the ideas we have done for how to
represent physics or how to model physics to students,
at this point it is all new to me and it is overwhelming
sometimes, all of the ideas. I went home and I taught
about the concept of normal force to my ten-year-old
cousin and so I wanted to see if I could get the idea
across to him. It worked and I liked mostly ideas about
how to get stuff across to students, the different ways.

1 loved being in the class with a lot of different
teachers and some students too, that is fun. I love the
graphing, but I am very visual. I taught math and I am
going to be a more effective teacher. 1 have always
taught graphing and done a lot with it, but I will be a
lot better next year...

Participants enjoyed:
® The interaction between FCEPT students and teachers.
® Modeling approach to physics.
® Modeling approach to graphical analysis.

Perceptions of Impact on Their Content Knowledge

One of the main goals of the MPI is to impact participant
knowledge on graphical analysis and physics. The quotes above
did not indicate that participants perceived that they learned much
from being involved in the MPI; however, the assessment data
presented above on the participants indicates growth in the
content areas on which each session focused. The participants
respond directly to a question asking about growth in content
knowledge.

1 really do understand what is underneath the graph a
lot better... I understand what that area beneath the graph
means, although sometimes I use the word distance instead
of displacement, other than that I am real clear.

I always kind of knew the 3 laws of motion, but there
are problems that we had to do, or made to think about,
mainly in situations that forced us to have a better
understanding. For instance the elevator problem. What is
the net force on this person riding the elevator or a rocket,
or bicycle and what about friction? I guess I just have a
better understanding of those 3 laws.
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I really feel I have a firm understanding of the difference
between a change in position, what a constant velocity is
and what a changing velocity is and what acceleration is.
We had all of that last summer and we are re-going over it
again, so I really feel I have a firm grasp of that. If [ went
back to the middle school and I had to teach just that basic
element of motion, velocity, acceleration, I feel like I could
do a really good job. ...in terms of Newtonian physics and
forces, how that all plays in physics, I think I am finding out
that what I thought I understood I really don t understand. 1
feel more confused with force, which maybe is a good thing,
because maybe philosophically, when you really start
learning something, first you have to figure out what you
don 't know and I have realized that I just don't understand
force. Idont have a firm concept, especially when we have
to do the force diagrams: What are the relevant forces? What
are not? How they all sum together to create some type of a
system. [ feel like at least I am aware of my non-
understandings, so I could say I have benefited by coming
aware of my ignorance on the subject.

...the beginning motion models I feel comfortable with.
Then we started working on our force models and I feel like
I have learned a lot to be honest with you, even though it is
learning through frustration. I still feel that through
scratching and clawing, I have come up with learning some
of the mathematical concepts of the force models which is
good. Even today, I got more clarification for that and so
that is making me feel a little bit better. I feel that I can
relate some of the forces better on my own personal
experiences than I would ever have last year, in fact I didn t
really understand how the sum of forces, taking a look at all
of the forces that affect a system, how that affects the physics
of things. I am getting some concepts there. ...But concepts
are being taught sometimes very quickly.

Regardless of some of the concerns expressed by the participants,
all believed that the MPI impacted their content knowledge. T
hey also believe that it has or will help them teach motion, velocity
and acceleration to their students.

Perceptions of Impact on Teaching

The second major goal of the MPI is to provide pre-service
students and teachers with instructional strategies that will allow
them to teach for understanding. The following responses suggest
that the participants’ teaching has already or may be impacted
by the course.

Now that I will say, because I am going to use that

[white boarding]. I like the white boarding and I like

the fact that kids have to say out loud what they are

thinking, that is real good and they love to perform. The

old common name for modeling was constructivism...

The whole thing about given the experiment that has

real narrow parameters, let the kids do it within a certain

time, let them explain it and then let’s have some

consensus about the law ... It is great teaching, it always

has been. And I will use it and I will use the equipment.
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Definitely being at it for 2 years, I can say that

after last summer’s course, my students did white
boarding almost the whole year. My kids like white
boarding, it is a great way to find out what students are
actually learning. I think it is a great tool for assessment.
1 think it also develops their speaking skills, they start
out pretty shaky, but you can see the improvement. ...1
think the white boarding helps good critical thinking. 1
think this class has taught me how important it is to
prepare, which I already did know, which any science
teacher knows, if you are not prepared, if you don t have
the equipment ready and things just fall apart. This
summer in particular though, what I have learned the
most is what it feels like to be a student who is in the
lower 10 or 20% of the class and I haven t felt that in
ages. I think the last time [ felt that was in a 7" grade
math class when I was a kid. I understand now the
value of the teacher needing to be aware when students
are not grasping what he or she is presenting and that
teacher needs to address those needs. Idont feel they
have been addressed here and it makes me realize, you
know, I need to be more sensitive as a teacher myself. 1
need to make sure that all of my kids are understanding
and if they are not, I need to figure out a way to get
them to understand.

.1 am definitely using the white boards, I will
continue to use the white boards in my classroom. [
think they are invaluable. It really does help the students
to be able to communicate and to feel, the way I use
them in my classroom, they feel safe, it is a safe
environment. I also use bits and pieces of Socratic
questioning. ...Also just the process of hands-on
activities. I have always been a hands-on oriented
teacher, but it just validates it even for higher level.

1 think the white boarding is the most valuable thing
that will probably help me when I start teaching. ...and
in fact the students have to explain themselves and the
fact that it is important to have a safe environment, or it
is okay to be wrong.

The participants believe that the MPI has and will impact their
teaching in the following ways:
* White boarding as a tool for students to think critically.
* Group discussion and presentations as a method for students
to improve communication skills and understanding of
content.
* Make teacher more sensitive to struggling students and
implement different strategies for these students.
* Use guided experimentation, with limited time and closure
on concept.
The MPI appears to have had a positive impact on participants’
pedagogical content knowledge.

Concerns of participants: Instead of quoting the participants
in this section, summative concerns are discussed to help provide
guidance for future institutes. The stated concerns include:
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1.Modeling process was not adhered to and major steps in
developing terminology, definitions, experimentation and
consensus was shortened.

2.FCEPT students did not see the modeling process in its
entirety and may not be as prepared as they could be to
implement modeling in classrooms.

3. Safe environment for all participants to engage in discussions
was not created, high-end students sometimes dominated
discussions and questioning time.

4. Consensus was not always done and should be major part to
clear up confusion.

5. Worksheets and directions to complete them were not always
clear.

6.Primary instruction was interrupted by co-instructor in a
manner that did not address issue in a modeling format —
discussions were occasionally between co-instructor and one
or two students.

7.Lecture and demonstration portion of course seemed
antithetical to modeling approach and some topics did not
seem to connect to course (e.g., analogy versus metaphor).

8. Instructors were not always prepared to use and teach
participants on the experimental equipment.

9. Socratic method may have limitations with equipment use
and problems when working with time constraints of course.

After the participants expressed their concerns about the course,
they also provided their thoughts on what they believe will
improve the course.

Participant Suggestions on Ways to Improve the Course
* Have instructors better prepared on equipment set-up and
use.
* Provide historical perspectives and stories of discovery of
motion and force.
 Start each lesson with 30-40 minute demonstration to
uncover or dispel misconceptions (e.g., provide some
examples of misconceptions and show some conceptual
physics examples) and link to experiments participants are
doing in lab.
* Provide answers or textbooks that have answers to some of
the questions that are raised — use more than modeling.
* Do not have participants return for more MP — one is enough.
The participants that were interviewed had very different
backgrounds and knowledge of physics. Many of the concerns
and suggestions came from middle school teachers and the MP
instructors need to take that into consideration when they reflect
on these issues and the impact on particular course sections (i.e.,
FMG and GKG). It is important to note that the above suggestions
are opinions not always supported by research findings. For
example the very last opinion suggests only a single MPI was
needed to prepare teachers for the classroom. Extensive research
has shown that continued professional development is essential
to develop the necessary expertise for successful instructional
practice.
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Summary

The Modeling Physics course had many positive outcomes
this past summer, including:

* Significant student gains on physics concepts and graphical
interpretation based on the FCI and TUG-K pre- and post-
assessments;

® Modeling instructional practices (e.g., white boarding, small
groups, model building and investigative science) though
these appeared to decline slightly when compared to last
year’s MPI;

® Participants’ use of modeling strategies in their classrooms
(i.e., based on instructor and past participant interviews);
and

® Instructors’ collaboration in implementing MPI.

The observations of the evaluator support many of
participants’ beliefs about the MPI. That is, when he observed
both sections instructors were using the modeling approach to
address content and pedagogical goals, students were doing
experiments, white boarding in small groups and presenting
results to the class. In most of the sessions he observed the
instructors explicitly stated the instructional strategies they were
using and how they worked for them in the classroom; hence,
they were modeling best practice and exhibiting change in their
own classroom practice.

The evaluator also observed instances when the modeling
was not followed, when students that understood the content
better, dominated sessions and when the co-instructor interrupted
the primary instructor without using the modeling philosophy.
There definitely was some inconsistency between message and
method. With all of these observations, however, there is no
denying that almost every single MP participant showed
significant gains on either the TUG-K, FCI or both. The student
whose story was presented is simultaneously a powerful testament
to MP and an indictment of traditional physics.

From the evaluator’s perspective, many of the concerns of
MP expressed by the teacher participants that were interviewed
illustrates the same dichotomy posed by the MP and traditional
physics course, that is, several of the teachers stated that all they
needed was to know enough physics to teach to their students,
they did not necessarily want to take the time to understand the
physics concepts — though they apparently understood them better
after the MPI.

Overall Impact of Modeling Science on Central Valley
Teacher Participants

We have learned that several of our region’s veteran science
teachers or preservice teachers now teaching under contract, are
using the modeling approach rather extensively in their
classrooms. The Socratic dialogue strategy combined with the
use of white boards to encourage student discussion and to elicit
student reflection is widely seen in classrooms. Our teachers
have indicated to us that a significantly greater percentage of
their students are engaged in the activities and discussions. They
attribute this success to their use of the modeling approach.
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Several teachers have stated that they are able to successfully
link the modeling approach to the California Standards.
Additionally, some of our teachers have formed their own
modeling networks and share their successes and challenges in
using modeling in the classroom. This has proven to be a very
positive, unanticipated development. Other teachers have stated
that, overall, their classroom practice has been greatly influenced
by their training in modeling. They report that they are far more
student-centered, approach the teaching of science concepts from
an inquiry basis, and engage a wider range of students in
classroom discussions. Teacher also report that many of their
students have shown increased skills in the interpretation of
graphs and diagrams as a result of the application of modeling
principles in their teaching. Finally, and we think importantly,
many teachers are reporting that their students appear to be
considerably more enthusiastic about their science classes as a
result of modeling. Allin all, the program is beginning to impact
valley schools and we hope that modeling turns on more students
on to science and to considering science majors (and possibly
science teaching) as career choices.
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This paper characterizes the possible impact of using a guided-inquiry approach to the teaching and preparation of physic
teachers. The study described in the article compares two groups of high-school students. One group of 74 students was
taught using a process of guided inquiry as the main mode of instruction. A second group of 55 students was taught in
atraditional, lecture- and laboratory-based format. Written pre- and post-tests were used to assess student understanding
of the topic before and after instruction. Results from these tests suggest substantially greater learning gains by the group
that had been taught in the guided-inquiry format. The implications of using such an approach to the preparation of future

physics teachers in then presented.

Introduction

As we seek to better train future physics teachers, those of
us involved in teacher preparation must begin to focus on
developing practices that begin to answer some very difficult
questions concerning our education system. It is important to
realize that we have seen a generation of students graduate from
our high schools since we first began to focus on a performance-
based system of education. Are our new physics teachers any
better educated than their predecessors? If not, where is the
breakdown in our system? Do we prepare teacher candidates to
be results-oriented knowing that they are likely to be employed
in an environment where performance is not the measure of
student success? Are we attempting to align new standards with
the old practices, rules, and regulations that have traditionally
defined education? How do we move our understanding of
performance from theory to practice? One thing is certain, if those
of us involved in teacher preparation do not choose to answer
these types of questions, we can be assured that those involved
in deciding public policy will (i.e. witness the policies set forth
based on the No Child Left Behind Legislation).

This paper first reports on a study aimed at comparing the
outcomes of two different methodological approaches to the
teaching of heat and temperature. The study involved two groups
of high-school students. One group of 74 students was taught
using a process of guided inquiry as the main mode of instruction.
A second group of 55 students was taught in a traditional, lecture-
and laboratory-based format. Written pre- and post-tests were
used to assess student understanding of the topic before and after
instruction. Results from these tests suggest substantially greater
learning gains by the group that had been taught in the guided-
inquiry format. This paper concludes with a discussion of the
implications that this type of study has on teacher preparation.

Before moving forward it is important that a description of
the two teaching situations be given. What follows is a brief
description of the overall approach to teaching in each of the
classrooms.
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In the “traditional approach”, the students were assigned to
a 40-minute block of class time five days a week and received a
40-minute laboratory session twice a week. During the scheduled
class time a typical teaching episode included the teacher
reviewing answers to the previous nights homework; a brief
session of student questions concerning the previous days topic;
the teacher introducing the next stage in the development of the
topic; and finally guided practice of the next set of problems
assigned for homework. The laboratory experiences for the
students were confirmation labs concerning the topic of specific
heat of different materials. At the time of this study the teacher
teaching this class had been teaching physics for 20 years.

In the “guided-inquiry” classroom, students were also
assigned to a 40-minute block of class time five days a week and
received a 40-minute laboratory session twice a week. During
the scheduled class time, the students were assigned a task to
complete, for example, “at what temperature does water boil?”.
The students worked in small groups to answer this task.
Following this the students were asked to whiteboard their
responses and share their results with the other groups. Any
discrepancies between the groups data was then used as a point
of discussion lead by the teacher. Any homework assignments
focused on writing a more formal explanation of what the whole-
group consensus was for the discussion. These explanations by
students were used to document the students’ changes in
understanding and student responses were used as the teacher
facilitated future discussions. The laboratory sessions of the
guided inquiry group followed the same format as the scheduled
class sessions. It was noted by students that what they were doing
during the laboratory sessions did not seem to be any different
that what they were doing during class. The teacher in this
classroom had been teaching physics for 12 years.

Overview of study
There is an extensive body of research on student

understanding of heat and temperature at the pre-college level.
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(See, for example, Erickson,1979, Stavy and Berkovitz, 1980,
Nachmias, Stavy and Avrams, 1990. Reviews of various studies
are given by Erickson and Tiberghien 1985, and by Driver,
Squires, Rushworth and Wood-Robinson, 1994.) Much of this
research identified specific difficulties that are prevalent among
the populations studied. Other investigations have focused
specifically on how student ideas of these topics change as a
result of teaching. (See, in particular, Part B of Erickson and
Tiberghien, 1985.) A study by Rosenquist revealed that similar
student difficulties are often still present at the introductory
college level. These results served as a basis for the development
of specific curriculum designed to address the identified
difficulties (Rosenquist, 1982).

Detailed investigations of students’ ideas about a given topic,
and the consecutive design of curriculum, however, are generally
beyond the realm of an individual secondary-level teacher. The
present study, therefore, attempted to find out to what extent the
adoption of an inquiry-based teaching style, starting from
presently available instructional materials, can help improve high-
school teaching of the topics of heat and temperature. A pretest
on various topics in thermal physics was administered to two
groups of students (N =55, N_=74) at two suburban high schools
in Central New York State. By administering a pretest, we sought
to determine the level of student understanding of relevant
concepts before instruction and thereby ascertain the
comparability of the two groups. Some of the pretest items
(including the ones on the specific topics of temperature and
heat transfer described in Section III below) were based on
questions taken from the Heat & Temperature section of Tools
for Scientific Thinking (Sokoloff and Thornton, 1997). These
multiple-choice questions had been used successfully to elicit
common student difficulties identified by physics education
research. The format of the pretest used in our study was an
‘enhanced’ multiple-choice format in which students were
required to give explanations for the answers chosen.

For both groups, instruction on heat and temperature began
within a few days after the administration of the pretest and
concentrated on the topics outlined in the pertaining portions of
the Internal Energy unit of the New York State Physics Syllabus
(NYSED, 1987). This unit includes the topics of Temperature,
Internal Energy and Heat, Kinetic Theory of Gases, and Laws of
Thermodynamics.

One of the groups in the study was given traditional lecture-
based instruction (N,=55). The other was given instruction based
on a guided-inquiry approach (N,=74). The instructional
activities used with the latter group were derived from Physics
By Inquiry (McDermott et al., 1996), a set of laboratory-based
modules designed to help students develop a conceptual
understanding of the course material and intended primarily for
the preparation of pre-college teachers. Modifications were made
to the activities to allow for use in a typical high-school setting.
A brief description of the activities is included in Section IV
below.

For both groups, instruction was completed within a two-
week period. A post-test was administered to each group
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following completion of instruction. In order to rule out improved
performance on the post-test due to repetition or rote
memorization, we chose to use different questions that required
application of the same concepts and ideas. Since a detailed
study of the equivalence of two tests in measuring the same
aspects of student understanding was beyond the scope of this
project, we selected matching items, where possible, that differed
only with respect to surface features.

In our analysis of pre- and post-test responses we paid
particular attention to the reasoning presented by students in their
written explanations.

Test Instruments

On each of the two tests, four matched questions were asked
to assess the students’ understanding of important ideas related
to heat and temperature (H&T). (Each pre- and post-test consisted
of a total of eight questions). The remaining questions on the
tests that are not discussed here concerned the following topics:
the latent heat of melting, Avogadro’s hypothesis, the ideal gas
law, the first law of thermodynamics, and mechanical equilibrium.
Not all topics were included in both tests.) The H&T questions
were based on research findings about common student
difficulties with this material, including (1) the belief that different
materials will have different temperatures under equal external
conditions; (2) the belief that the size of an object is a criterion
for temperature; (3) difficulties accounting for heat transfers when
samples of different temperature or mass are mixed; and (4) a
failure to recognize the constancy of the boiling point of water.
The four H&T questions on each test roughly corresponded to
the four difficulties mentioned.

The first question on each instrument was designed to probe
student understanding of thermal equilibrium. The students were
asked to consider three common objects that had been in thermal
contact with the same surroundings for a long time (and were
thereby allowed to come to the same final temperature). On the
pretest, the ambient temperature was below normal room
temperature; on the posttest, above room temperature. An answer
was considered correct if the student stated that all three objects
had reached the same temperature. Incorrect answers given by
the students were generally based on ideas that the conductive
properties of the materials, their atomic structures, or their
densities would result in different final temperatures.

The second question concerned the relationship between heat
transfer, mass, and temperature change for different samples of
water. On the pretest, students were asked to compare the
amounts of heat transferred to two different-size samples of water
undergoing different changes in temperature. The corresponding
question on the posttest involved the mixing of two samples of
water. Students were asked to determine the initial temperature
of one of the samples from the data given. On the pretest, the
students were expected to respond that the amount of heat
transferred to each cup would be the same. Correct reasoning
indicated an understanding that the amount of heat transferred is
proportional to both the mass and the temperature change of each
sample. For a correct response to the posttest, students also
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needed to understand that the amounts of heat transferred to each
of the two samples involved in the mixing process are the same
in absolute value. (However, since the problem statement
included that “no heat can be transferred into or out of the
container” we did not expect this additional step to raise the level
of difficulty of the question.)

The third question on each test was intended to probe further
the students’ understanding of heat transfer, focusing on situations
in which samples of water of unequal size were mixed. On the
pretest, students were expected to predict an approximate final
temperature of the mixture. (In particular, students were
prompted to indicate whether the final temperature would be
greater than, less than, or equal to the arithmetic mean of the
initial temperatures.) On the corresponding posttest question,
the students were asked to determine the mass of one of the
samples (given both initial and final temperatures, and the mass
of the other sample). It was expected that students would
demonstrate an understanding of the relationship between the
mass of the sample and its temperature change. Instead, many
students incorrectly reasoned that heat transfer could be
determined by simply adding or averaging the given temperatures
to arrive at the answer or by describing the heat transfer as being
based only on the mass of the sample without consideration of
the initial temperature.

The fourth question on ‘heat and temperature’ concerned
two samples of boiling water. One was described as “boiling
fast;” the other as “at a slow boil.” The posttest question described
two samples of boiling water with different masses. In both cases,
students were asked to compare the temperature of the two
samples. An answer to either question was considered correct,
if the student stated that the temperatures of the two samples
were equal.

The H&T questions included in the pre- and post-tests are
shown in the appendix.

Instruction
Guided-inquiry instruction

The instructional activities carried out by the ‘guided-inquiry’
group were adapted from the Heat and Temperature module of
Physics By Inquiry. Only a subset of the activities in the module
was used. The activities chosen were modified to make them
suitable for use at the high-school level. In particular, changes
were made to match time and equipment constraints, the coverage
suggested by the New York State Education Department syllabus,
as well as the level of depth that seemed appropriate for the age
of the students.

Below, we give a brief description of the activities completed
by the ‘guided-inquiry’ group. A total of ten 40-minute periods
was allotted for instruction on heat and temperature. (There was
no additional lecture or laboratory instruction on this topic.)
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Measurements of temperature

An important goal of the first group of activities was to help
students understand temperature as an operationally defined
quantity. In addition, students were expected to recognize that
the temperature of an object is equal to the temperature of any of
its parts, and that the temperature of boiling water is a constant
(at normal atmospheric pressure). By emphasizing the concept
of temperature as an outcome of a measurement process, we
hoped to help students overcome difficulties with this concept
that may have arisen from intuitive ideas or a misunderstood
definition in terms of microscopic entities.

The students were initially asked to make predictions about
the temperature of common objects they were given. Following
their predictions, the students were asked to measure the
temperature of these objects and record their findings. The
students found that the temperature of all objects were the same
within the accuracy of their measurements. In a second
experiment, the students heated water from room temperature to
boiling and recorded their observations. In particular, students
were asked to state if the temperature of the water changed after
the onset of boiling. Finally, students divided one sample of
water into different portions (in separate containers). They
compared the temperatures of the individual portions to the initial
temperature of the entire sample and found that they were the
same.

Changes in temperature

In this sequence of experiments, students investigated the
relationship between the masses of water samples that were mixed
and their respective changes in temperature. By allowing students
to observe the equality of (m|AT|) for the two samples being
mixed, we sought to help them form a distinction between heat
transfer and (change in) temperature. (Although this distinction
could be phrased in terms of extensive and intensive quantities
such terminology was not introduced.)

The students first predicted the final temperatures for
mixtures of equal masses of water with different initial
temperatures. Each student checked his or her predictions
experimentally. The students were then asked to predict the final
temperatures of mixtures of different masses of water. Once
again, these predictions were checked against experimental
results.

Heat capacity and specific heat

In this section, students studied the effect of the type of
material as well as the effect of different masses of materials on
temperature change. Students first placed equal-mass samples
of different metals at 100°C in equal mass samples of water at
room temperature. The change in temperature was recorded for
each of the metal samples. This experiment was later repeated
with different initial temperatures of the metal samples. The intent
of these activities was to develop the concept of heat capacity.
Next, students investigated the effect of mass on heat transfer by
placing different masses of iron of the same initial temperature
into equal masses of water. The temperature change for each

© 2003 Illinois State University Physics Dept.



mass was recorded. The results of these and the previous
experiments were compared to develop an understanding of the
difference between heat capacity and specific heat.

Phase changes

In this sequence of activities, the students first predicted the
effect of mass on the temperature at which water would boil.
The students brought samples of water of different mass to boil
and recorded the temperature at which boiling occurred. The
students then revisited their predictions to compare them to the
experimental results. The experimental results showed that a
variation in the mass of the water did not affect the temperature
at which water would reach its boiling point. Students were next
asked to predict what effect the amount of time a sample was
boiling would have on the final temperature of the water. Students
conducted the experiment and compared the results to their
predictions. The results showed that the amount of time for which
a water sample had been boiling had no effect on temperature.

Traditional lecture- and laboratory-based instruction

The control group was taught the same content in a lecture-
based format. Over the two-week duration of the Internal Energy
unit, the students participated in a total of 10 lecture sessions of
40 minutes each and an additional 160 minutes of laboratory
experience addressing this content. The laboratory portion for
this group consisted of two units: one on thermal expansion, the
other on the specific heat of metals. Due to the separate laboratory
instruction, the total time of instruction for the traditionally taught
group was about 40% more than that for the ‘guided-inquiry’

group.

Results

The fraction of students answering correctly each of the four
H&T pretest questions ranged from about 20% to about 80% for
the ‘traditionally-taught’ group, and from about 15% to about
65% for the ‘guided-inquiry’ group. For both groups, the
‘temperature’ question (the first of the four discussed above)
seemed to present the greatest difficulty. The respective success
rates on individual questions were similar for the two groups;
the largest difference observed was about 15 percentage points.
Any small differences observed would favor the traditionally
taught group but, with the exception of one item (Mixing), cannot
be considered significant at the level of an individual question
or for the four-item set. [To check for significance, we performed
chi-square tests (p = 0.05) for each item and for the set of four
H&T items.) The majority of students who answered each
question correctly also gave (approximately) correct reasoning
to support their answer, with a maximum discrepancy of about
15%.

On the post-test, success rates ranged from about 15% to
about 85% for the traditionally taught group and from about 60%
to about 95% for the guided-inquiry group. On all four items,
the ‘guided-inquiry’ group performed at a (significantly) higher
level than the traditionally taught group. For three of the four
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items, the difference was 35% or greater; for one item
(Temperature), the difference was almost 85%. If correct
reasoning is taken as the criterion for a correct answer, the
difference between the two groups increases even further for three
of the four questions.

Tables 1 through 4 (see next page) illustrate the comparison
of students’ pretest and posttest responses to the questions posed.
The frequencies of incorrect reasoning shown in the tables refer
to the categories of incorrect reasoning discussed previously in
this article. The percentages of correct, incorrect, and blank
responses are printed in bold face and add up to 100%.

Discussion

The data presented here suggest that physics instruction using
an inquiry-based approach can be considerably more effective
than a traditional approach in enabling students to answer
qualitative and quantitative questions about the course content.
Furthermore, students taught in a process of guided inquiry also
seem to be more likely to overcome common conceptual
difficulties and to develop sound reasoning skills. It is therefore,
extremely important that we model such approaches in preparing
our preservice physics teachers.

It is important to view the results of the reported study in
light of the implications that they may have in terms of preparing
future physics teachers. In his address to the American
Association of Colleges of Teacher Education in February 2000,
Arturo Pacheco encouraged teacher education faculty members
to embrace change as they consider the most effective ways to
prepare future teachers. He recommended that reform efforts,
which lead to the simultaneous renewal of public schools and
university preparation programs, must be the priority of teacher
educators. Most importantly, Pacheco reminded his audience
“better teachers lead to better schools. Better schools lead to better
children.” (p. 8). In a time when accountability and performance
are topics at the forefront of the discussions among education
leaders, the philosophical stance expressed by Pacheco must
become the force behind the preparation of teachers. Until we as
teacher educators are willing to share accountability for student
learning, the success of teacher education reform and the
usefulness of performance-based preparation will not be realized.

A widely accepted model for accomplishing such a goal is
that of a reflective practitioner (Schon, 1983; 1987) whose
thinking begins with the search for reasonable grounds for belief
and action, is assessed on the basis of consequences that result,
and is revised accordingly. Skilled professionals monitor,
analyze, and adjust their behavior as a function of both its
underlying rationale and its consequences. In such instances,
reflection effectively integrates theory and practice and places
practice in a larger context of meaning while simultaneously
focusing theory on the attainment of concrete results (Brell,
Caravella, et al., 1999). The format and structure of the reported
study demonstrate an example of such a practice being used.

Professional reflection and responsiveness to pupil
performance is equally evident in the work of “expert” classroom
teachers and applied educational researchers (e.g., Corno & Snow,
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Table 1
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Pre-test Post-test
Traditional Inquiry-based Traditional Inquiry-based
Temperature (N=55) (N=174) (N=55) (N=174)

Correct response 20% 15% 13% 97%
with correct reasoning 20% 12% 11% 81%

[ ncorrect responses 78% 74% 82% 3%
based on ‘atomic structure’ 16% 11% 49% 0%
based on conductive properties 24% 45% 29% 1%
based on density 13% 8% 5% 0%

No response 2% 11% 5% 0%

Table 2
Pre-test Post-test
Traditional Inquiry-based Traditional Inquiry-based
Heat Transfer (N=55) (N=74) (N=55) (N=74)

Correct response 56% 49% 33% 74%
with correct reasoning 51% 49% 20% 73%

[ ncorrect responses 44% 51% 67% 23%

Q assumed independent of mass 13% 9% 9% 1%
Q assumed independent of _T' 20% 38% NA NA
No response 0% 0% 0% 3%
Table 3
Pre-test Post-test
.. Traditional Inquiry-based Traditional Inquiry-based
Mixing (N=55) (N="174) (N=55) (N=174)

Correct response 82% 65% 27% 62%
with correct reasoning 82% 51% 18% 62%

[ ncorrect responses 18% 35% 69% 35%
Average of initial temperatures 15% 11% NA NA
Incorrect accounting of mass 3% 24% 45% 15%

No response 0% 0% 4% 3%

Table 4
Pre-test Post-test
e Traditional Inquiry-based Traditional Inquiry-based
Boiling (N=55) (N=174) (N=55) (N=74)

Correct response 49% 51% 85% 96%
with correct reasoning 38% 35% 76% 95%

[ ncorrect responses 47% 46% 15% 3%

T depends on ‘kinetic energy’ 22% 28% 5% 3%

T depends on mass 0% 0% 9% 0%

No response 4% 3% 0% 1%
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1986; Martella, Nelson, Marchand-Martella, 1999). Here,
professionals identify problems or questions in their work,
develop plans to address these concerns, implement their plans,
and then rigorously evaluate the effects of their actions. In the
case of classroom teachers, such reflection is referred to as
practical inquiry and is conducted to improve one’s work life.
These professional reflections often result in the retention of
instructional practices that promote pupil progress and the
adaptation or discarding of less effective teaching strategies
(Corno & Snow, 1986). Applied educational researchers, by the
same token, use noticeable improvements in pupil performance
as the basis for validating basic scientific principles and the
teaching practices they embody. In other professional disciplines
(e.g., medicine, engineering, and physics), for example, it is as
common for practitioners’ findings to contribute theoretically to
the scientific community as it is for the findings of researchers
to improve practice (Greenwood & Maheady, 1997; Levine, 1995;
Vincenti, 1990). Our intent should be to establish a similar
relationship within the context of preparing future physics
teachers by helping our candidates “bridge the gap” between
theory, research, and practice in their daily instructional
interactions.

To date, however, two aspects of the reflective practitioner
model have remained under-evaluated. These aspects include:
(a) the relationship between professional reflection and
instructional behavior, and (b) the resultant impact of changes in
teaching practice on pupil outcomes (Howey, 1996). In other
words, to what extent do professionals’ reflections influence what
and how they teach? And, perhaps more importantly, what impact
do any subsequent changes in instructional practice (as a result
of professional reflection) have on pupil performance? We
believe that reflection without responsiveness and responsiveness
in the absence of improved learner performance is unacceptable
at any level of educational reform. As such, questions regarding
the relationships among professional reflection, instructional
practice, and pupil outcomes should serve as a basis for the
teacher preparation program. Programs that connect the effects
of teaching to the academic growth of students (Sanders, Saxton,
& Horn, 1997) are a logical next step for the assessment of our
teacher preparation programs. Given the constant criticism being
voiced about teacher preparation and the disapproval that is so
frequently expressed about the quality of public school education,
teacher educators would be well served by embracing and
expanding upon professional practices that openly demonstrate
not only the knowledge and skills being mastered by their
candidates, but the impact of their programs graduates instruction
on student learning.

Focusing on issues such as competency and effectiveness
when considering the impact teachers have on student learning,
necessitates that teacher educators use performance-based
learning in their own classrooms. For example, in the fall of 2000,
the National Council for the Accreditation of Teacher Education
(NCATE) began piloting performance based accreditation
standards for teacher education programs. The foundation of these
new accreditation standards is the belief that teacher candidates
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should possess certain types of knowledge and be able to
demonstrate specific skills and behaviors as part of their
preparation and training (NCATE, 2000).

Also at the heart of our teacher preparation programs should
be the fundamental belief that learning (at all levels) results from
the dynamic interplay between pupil and teachers. As candidates
teach, they also learn. They learn more about the content they
teach, the students they instruct, and their own abilities to teach
more effectively. In essence, good teaching practice becomes a
recursive process that involves “informed” professional judgment
and decision-making.

On the basis of the pretest results of the study reported we
conclude that any differences in the initial level of preparation
of the two groups are small and would favor the traditionally
taught group. Evaluation of student responses to the posttest
questions shows sizeable improvement in the frequency of both
correct responses and correct reasoning for the ‘guided-inquiry’
group while improvement for the ‘traditionally taught’ group, if
any, is much smaller. For the ‘guided-inquiry’ group, there is
also a substantial decrease in the frequency of specific incorrect
responses that seem to result from the student difficulties
described in the literature. If we train our preservice candidates
to make classroom decisions informed by students’
responsiveness to instruction then effective teacher candidates
will retain instructional strategies to which their students are most
responsive, while discarding or adapting those that do not benefit
learners.

Practices such as those in the study presented can serve as
preliminary methods by which to measure candidate performance.
It stands to reason, however, given the emphasis on accountability,
that a more direct connection between P-12 student performance
and the quality of teacher preparation will be emphasized in the
future. The inquiry-based classroom approach described is not
traditionally what our preservice physics teachers’ experience
either in their own secondary education or in their preparation
for entering the profession. We realize that while we hope that
our preservice teachers will adopt such an approach in their own
classrooms, these preservice teachers are most likely to teach in
a manner in which they have been taught. It therefore stands to
reason that we should train our preservice physics teachers using
methods and strategies that we would like to see brought into
practice.
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APPENDIX:

PRETEST QUESTIONS

POSTTEST QUESTIONS

Concept: Temperature

Three objects have been kept outside for a long time on a cold
day: a piece of cotton, a piece of wood and a piece of metal.
Which of the objects above has the lowest temperature? If

any of the temperatures are the same, state so explicitly.

Explain your reasoning .

Concept: Temperature

An elementary student performs an experiment where she
places a book, a wooden block, and a metal mler in a warm
oven thathas been turned off. After they stay there over night,

which of these objects would be the warmest? The coldest?

Explain your reasoning.

Concept: Heat Transfer

Cup A contains 100 grams of water. Cup B contains twice as
much water. Initially, the water in both cups was at 25°C.
Cup A was then heated to 75°C and cup B was heated to
50°C. Which cup had more heat transferred to it? If the
amount of heat transferred to both cups is the same, state so

explicitly.

Explain your reasoning .

Concept: Heat Transfer

Cup C contains 100 grams of water at 10°C. Cup D, contains
200 grams of water at an unknown temperature. The contents
of the two cups are mixed together in an insulated container.
(No heat can be transferred into or out of the container.) The
final temp erature is 50°C. What was the initial temperature of

the water in cup D?

Explain your reasoning.

Concept: Mixing

Cup A now contains 100 grams of water at 0°C. Cup B
contains 200 grams of water at 50°C. The contents of the two
cups are mixed together in an insulated container. (No heat
can be transferred into or out of the container.) The final
temperature of the water in the container is

A) lower than 0°C

B) 0°C

C) Dbetween 0°C and 25°C
D) 2 5°C

E ) between 25°Cand 50°C
F) 50°C

G ) higher than 50°C

Explain your reasoning .

Concept: Mixing

Cup E contains 100 grams of water at 40°C. When it was
mixed with water in a second cup, cup F at 80°C, the final
temperature was 70°C. What was the mass of the water in the

second cup before mixing?

Explain your reasoning.

Concept: Boiling Point

Two pots of boiling water are ona stove. In pot 1, the water
is boiling very fast; in pot 2, it is ata “slow boil.” Is the
temper ature of pot 2 higher than, lower than, or the same as
the temperature in pot 1?

Explain your reasoning.

Concept: Boiling Point

A student puts 1000 mL of water in a beaker, and places it on
a bumer bringing it to a boil. A second student brings 50 mL
of water in a beaker to a boil. Is the temperature of the water
after it is boiling in the 1000-mL beaker higher than, lower
than, or the same as the temperature of the water in the 50-
mL beaker after it is boiling?

Explain your reasoning.
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