
Final Evaluation Report for FIPSE Grant #P116P50026:

Evaluation of the Workshop Physics Dissemination Project*

J.M. Saul and E.F. Redish
Physics Education Research Group

University of Maryland
College Park, MD  20742-4111

In cooperation with P. Laws and the Workshop Physics Project at Dickinson College

Workshop Dissemination Project
P.I.:  Priscilla Laws
P.I. Institution:  Dickinson College
Period Covered by this report:  9/95-6/97

* The research described in this report was funded in part by NSF grant #RED-9355849



2

Summary

The FIPSE project (FIPSE grant #P116P50026) under study was designed to help
implement Workshop Physics (WP) at a variety of undergraduate institutions with the full
support of the developers at Dickinson College.  This paper is an evaluation of the Workshop
Physics courses implemented under this grant in term of students’ conceptual understanding and
their expectations (cognitive beliefs about physics, mathematics, and learning).

Pre- and post-course testing of the first term course with two standard mechanics
concepts tests was used to evaluate conceptual understanding.  The two tests used were the Force
Concept Inventory (FCI) or the Force Motion Conceptual Evaluation (FMCE).  Student
Expectations were evaluated with the Maryland Physics Expectations (MPEX) survey, an
instrument developed by the authors and others expressly for this purpose.  In addition,
interviews were conducted with twenty-seven student volunteers at three of the project schools.
Results from introductory courses taught with traditional lecture and other research-based
curricula (RBC) (where active learning activities are used to supplement lecture) are included for
comparison.

The results of our two-year evaluation study show the following four points:

1. The secondary WP implementations are averaging twice the overall fractional gains on the
FCI than those obtained by traditional lecture courses at four-year colleges and the University
of Maryland (41% ± 2% std. err. vs. 20% ± 3%).  The secondary implementation results are
comparable to those from Workshop Physics classes at Dickinson College (40% ± 3%) in the
early years.  They are also significantly better than the gains from curricula where RBC
activities supplement lecture-based instruction (34% ± 1%).

2. An analysis of the four Newton’s third law questions on the FCI shows the fractional gains of
the secondary WP implementations (64% ± 4%) are averaging more than twice the gain of
traditional lecture classes (28% ± 4%).  The WP implementation results are comparable to
the results from the other RBC classes (53% ± 3%) and the 1992 WP classes at Dickinson
College (59% ± 16%).

3. The traditional lecture classes and most of the RBC classes showed significant deterioration
in their expectations over the course.  This was true both overall and in two of the six
subscales including the Reality and Math Link clusters.  However, the secondary WP
implementations showed little or no deterioration overall and in five of the six subscales.
Several of the WP adopting schools had small increases in some subscales, although only one
school had any significant improvement in expectations.  (The University of Northern Iowa
improved significantly in the Reality Link cluster.)

4. The WP adopting schools had post expectations that were 10-15% more favorable than
traditional lecture classes and some RBC.  The Reality Link dimension had the most
favorable average with 77% ± 2% (std. err.) of the students responding that classroom
physics was strongly linked to real world situations.  This was confirmed by interviews that
showed that many students believed that the physics they were learning would be useful to
them in their careers in chemistry, medicine, and architecture.
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I.    Introduction

The FIPSE project for dissemination of the Workshop Physics1 curriculum to several
undergraduate institutions was designed to help address the implementation difficulties of
adopting Workshop Physics in a variety of academic settings.  As outside evaluators on this
project, we had two goals.  Our main goal was to measure the progress of the students in the
dissemination implementations relative to other forms of instruction.  A secondary goal was to
try to understand WP implementation problems that came up in our investigation.

In the workshop approach, the idea of learning physics passively through traditional
lecture and recitations is abandoned in favor of learning physics by doing physics through guided
discovery laboratory activities.  In this approach, the laboratory becomes the course rather than a
supplement to the lecture.  The goals for student learning in Workshop Physics are to enable
students to:2

• construct conceptual models of phenomena and relate these to mathematical
models;

• learn enough scientific literacy to be able to learn more science without
formal instruction;

• develop proficiency with computers and other research tools;

• appreciate science and want to learn more; and

• engage in the further study of science.

To evaluate the success of Workshop Physics classes in helping students achieve these goals, the
authors of this evaluation study decided to look at two aspects of student learning, conceptual
understanding and “expectations.”

Two standard qualitative multiple-choice Newtonian mechanics diagnostics, the Force
Concept Inventory (FCI)3 and the Force Motion Concept Evaluation (FMCE),4 have been
developed to study the effectiveness of introductory physics instruction in improving students’
conceptual understanding of physics.  Both mechanics concept tests have been shown by their
developers to be reliable and valid measures of student knowledge of the basic Newtonian force
concept.5

“Expectations” are cognitive attitudes and beliefs that students have about learning,
physics, and mathematics, i.e. attitudes and beliefs that affect how students learn physics.
Previous studies have shown that student expectations play a large role in shaping how students
build their understanding of physics and the type of understanding they build.6, 7  As part of an
NSF sponsored research project on student expectations, we developed the Maryland Physics
Expectation (MPEX) survey to study the distribution and evolution of student expectations in the
introductory physics classes.8  Eighteen universities, colleges, and high schools have participated
in this project to date, including eight of the schools involved with the Workshop Physics
dissemination project.

This evaluation study was designed to help answer the following questions:

1. Do the new Workshop Physics implementations supported by this project improve
students understanding of basic physics concepts?  How do the gains compare with
the results from classes taught with traditional and other research-based curricula at
other schools?
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2. How do student expectations change over one year of Workshop Physics?  How do
these changes compare with results from classes taught with traditional and other
research-based curricula at other schools?

3. What can expectations tell us about implementation problems and how to deal with
them?  In what ways are the implementations at adopting institutions similar and in
what ways are they different from the Dickinson implementation?

We will begin by briefly reviewing the evaluation methods used in this study in Section
II.  The results of the FCI and FMCE mechanics concept tests are discussed in Section III.
Section IV contains a summary of the results of the MPEX survey.  Section V discusses the
findings of the interviews with student volunteers.  Section VI contains the conclusion with a
summary of the results and a discussion of the implications for other schools considering
adopting Workshop Physics.

II.  Evaluation Methods

In our original plan to evaluate students’ conceptual understanding and expectations
during the 1995-96 and 1997-98 school years, the students were to be evaluated with the FMCE
and the MPEX survey at the beginning and end of the first quarter or semester of the introductory
physics sequence.  The MPEX survey was to be given again at the end of the first year of
instruction (the end of the sequence).  In order to make sure the pre/post gains represented
improvement in student learning, the data were matched so that only students who took both the
pre-test and the corresponding post-test were included in the analysis of the pre/post results.  The
schools adopting the Workshop Physics curriculum were asked to take data from both modified
and unmodified classes to see if the Workshop Physics classes were doing a better job of helping
the students reach the course goals.  In addition, The authors of this evaluation agreed to make
site visits to some of the schools to help evaluate their implementations and to conduct
interviews with student volunteers.

The following undergraduate institutions agreed to implement the WP curriculum in
introductory classes and participate in the evaluation study as part of the dissemination project:

Carroll College (CAR) Skidmore College (SKD)

Drury College (DRY) University of Northern Iowa (UNI)

Forsythe Technical Community College (FTCC) Whittier College (WHT)

Nebraska Wesleyan University (NWU)

These schools agreed to allow us to take data from WP and traditional lecture introductory
physics course taught during this study.  Results from Dickinson College (DC) are used to
measure the progress of the new WP courses relative to the original implementation. In addition,
we also used concept test and MPEX survey data from the following schools so we could
compare the WP results to other traditional lecture courses (TRD) as well as modified lecture
courses (RBC) where research-based activities are used to supplement the lecture part of the
course:9

University of Maryland (UMD), both TRD and RBC courses
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University of Minnesota (MIN), both TRD and RBC courses

Ohio State University (OSU), RBC classes

Tables briefly describing the schools and the courses are shown in Appendix A.
This plan was carried out with four changes during the dissemination project.  First,

DRY, NWU, and SKD elected to use the FCI instead of the FMCE to evaluate student
understanding of Newtonian mechanics concepts.10  The FCI data was processed and evaluated at
Maryland.  Second, we were only able to compile FMCE data for CAR, DC, and UNI.  Third,
several schools neglected to take both types of diagnostic data from classes taught in traditional
lecture style.  Fourth, logistical difficulties prevented some of the schools from taking MPEX
survey data three times during the sequence.  As a result, matched MPEX data from the
beginning and end of the one year of instruction in the introductory physics sequence was only
available from DRY, NWU, UNI, and CAR.11

In addition, at the end of the 1997 spring and fall semesters, we distributed several
conceptual exam problems through the Workshop Physics Listserve and webpages.  The schools
involved in the dissemination project were encouraged to use these problems and send the results
to Maryland for analysis.  Several schools have sent us exam data, but it will not be analyzed
until summer 1998.

Next, we will briefly discuss the use and analysis of the concept tests, the MPEX survey,
and the interviews to evaluate student learning in TRD, WP, and RBC courses.

A.  Conceptual Understanding

Two concept tests were used to measure the improvement in students knowledge of basic
physics concepts:  the FCI and the FMCE.  The FCI, developed by Halloun, Hestenes, Wells, and
Swackhammer,12 is the most commonly used physics conceptual evaluation test in the United
States today.13,14  It is designed to measure students’ belief in Newtonian laws of motion vs. the
student’s common sense beliefs.  A copy of the FCI is included in Appendix B.  The FMCE,
developed by Thornton and Sokoloff as an evaluation of Workshop Activities,15 covers similar
topics but is limited to linear motion and has a stronger emphasis on graphical representations.
Both tests have questions that were specifically developed to trigger and identify specific
common sense beliefs identified by the research literature.  A copy of the FMCE is included in
Appendix C.

In his recently published study of FCI results from over 6500 students, Hake found that
the figure of merit for gains in students’ conceptual understanding in a class was the average
fraction of the possible (fractional) gain h, where h is defined as follows,16

h = (class post-test average – class pre-test average) / (100 – class pre-test average)

Hake collected FCI data to see if research-based curricula were more effective for teaching
Newtonian mechanics than traditional lecture methods.  He found the following result:

Traditional Classes (14 classes, N = 2084 students) h = 0.23 ± 0.04  (std. dev.)

PER-based Classes (48 classes, N = 4458 students)  h = 0.48 ± 0.14  (std. dev.)
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where h is averaged over classes, not students.  The average fractional gain of the PER-based
classes is twice as great as the average gain for traditional lecture classes.  Note the narrow
widths and large separation of the two distributions.

Although the Hake study gives a general result, the data may have been compromised by
students dropping the class.  There may have also have been a selection bias in that participating
instructors sent in their results for inclusion by Hake only after they knew what the results were.
In this evaluation, our data is matched so that only students who took both the pre-course and
post-course concept tests are included.  The concept tests were used in all classes taught while
the schools were participating in this study to reduce selection bias.17  We also identified and
analyzed four questions on the FCI that specifically address Newton’s third law, one of the
hardest concepts.   The overall FCI/FMCE results and the Newton’s third law results are
presented in Section III.

B. Expectations

We developed the MPEX survey to better understand the distribution and evolution of
student expectations in introductory physics classes.18  The MPEX survey has 34 statements that
students can either agree or disagree with using a five-point Likert scale.  In evaluating the
results, we consider the survey responses of instructors at the adopting schools involved in the
dissemination project as “expert” responses.  The future Workshop Physics instructors answered
the survey items the way they would want their students (ideally) to answer after a year of
instruction.  A student response in agreement with the expert response is defined as “favorable”
for learning physics and a response in disagreement with the expert response is defined as
“unfavorable” for learning physics.

In addition to the overall result, the MPEX survey has clusters of items that probe six
subscales or dimensions of expectations.  The first three dimensions were proposed by Hammer19

in his study to classify student beliefs about the nature of learning physics.

1. Independence  beliefs about learning physics — whether it means receiving
information or involves an active process of reconstructing one’s own
understanding;

2.  Coherence  beliefs about the structure of physics knowledge — as a collection
of isolated pieces or as a single coherent system;

3.  Concepts  beliefs about the content of physics knowledge — as formulas or as
concepts that underlie the formulas.

In the MPEX survey, we also probe three additional dimensions:

4. Reality Link  beliefs about the connection between physics and reality —
whether physics is unrelated to experiences outside the classroom or whether it is
useful to think about them together;

5.  Math Link  beliefs about the role of mathematics in learning physics —
whether the mathematical formalism is just used to calculate numbers or is used
as a way of representing information about physical phenomena;
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6.  Effort  beliefs about the kind of activities and work necessary to make sense out
of physics — whether they expect to think carefully and evaluate what they are
doing based on available materials and feedback or not.

A list of the dimensions with the extreme favorable and unfavorable view for each dimension is
shown below in Table 1.  The 34 survey items are presented in Appendix D.

To understand the effect of instruction in introductory physics classes on student
expectations, it is important to compare pre-sequence measurements with measurements made
later in the sequence.  For this evaluation, we report on expectation results from the beginning
and end of the introductory physics sequence.20  Shifts in student expectations are measured as
the change in the percentage of favorable responses.    Ideally, we would like student
expectations to either become more favorable or to at least remain generally favorable over one
year of instruction as the students learn more about the nature of physics and how to use physics
to reason out an understanding of physical situations.

The MPEX survey results for this study are presented in Section IV.  Note that all the
MPEX data presented in this report are matched.21  The results are presented in tables as
(% of favorable responses) / (% of unfavorable responses).   Since the fraction of favorable and
unfavorable student responses may add up to less than 100%, the remainder are neutral or blank
student responses.   Our results show some differences among different classes at the same
institution, but the variation is statistically consistent with the sample size.  To simplify the
presentation of the MPEX results, the individual class results have been combined for similar
classes at a given institution.

C.  Interviews

Site visits were made by one of the authors (Saul) to NWU and DRY at the end of the
1997 spring semester.  In each case, the visitor attended classes and interviewed student
volunteers solicited by the instructor.  The interviews themselves were conducted in three parts.
In the first part, the students were asked questions about their background and their expectations
regarding Workshop Physics.  In the second part of the interview, the students were asked to go
over and explain their survey responses to 20-30 of the MPEX survey items.  In the last part of
the interview, the student volunteers were which activities they found helpful for learning and
what changes they would make to improve the class.  The interviews were videotaped and
transcribed for detailed analysis. 22

The first site visit was to DRY.  The visitor observed both the algebra/trig-based and
calculus-based Workshop Physics classes.  Both classes were at the end of the two-semester
sequence.  Eight student volunteers were interviewed from the algebra/trig-based course, four
from the calculus-based course either individually or in groups of two.

The second site visit was made to NWU immediately following the visit to DRY.  NWU
is unusual in that they teach only one type of introductory sequence that is a hybrid algebra/trig-
and calculus-based course.  The visitor attended both sections of their hybrid Workshop Physics
course.  The ten student volunteers from both sections were interviewed individually.  To get a
broader perspective on the class, at least three students each were interviewed from the top third,
middle third, and bottom third of the class (as rated by the instructor).
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III. Concept Tests

A.  Overall FCI Results

The FCI was used as a pre/post evaluation for the first term Workshop Physics classes at
DC, DRY, NWU, and SKD.23  The overall FCI results data for each curriculum at each school
are shown in Table 2.  The distribution of the fractional gains for all the classes is shown in
Figure 1.   FCI results from UMD (Traditional lecture and Tutorial classes), the MIN (Group
Problem solving and Problem Solving Laboratories), and the OSU (Group Problem Solving and
Problem Solving Laboratories) are included for comparison.  The values for each school in the
table except Ohio State are averaged over the number of classes.  The OSU data is averaged over
students.  Note that Group Problem Solving classes from MIN and OSU were also in the first two
years of the implementation of their respective curricula.24  Also note that the Dickinson FCI data
is from the 1992-93 school year, when the Workshop Physics curriculum was still being
developed.25

Table 1.  MPEX dimensions of student expectations

Favorable Unfavorable MPEX
Items

independence takes responsibility for
constructing own
understanding

takes what is given by
authorities (teacher, text)
without evaluation

1, 8, 13,
14, 17,

27
coherence believes physics needs to be

considered as a connected,
consistent framework

believes physics can be
treated as unrelated facts
or "pieces"

12, 15,
16,

21, 29
concepts stresses understanding of

the underlying ideas and
concepts

focuses on memorizing
and using formulas

4, 19,
26,

27, 32
reality link believes ideas learned in

physics are relevant and
useful in a wide variety of
real contexts

believes ideas learned in
physics has little relation
to experiences outside the
classroom

10, 18,
22, 25

math link considers mathematics as a
convenient way of
representing physical
phenomena

views the physics and the
math as independent with
little relationship between
them

2, 6, 8,
16, 20

effort makes the effort to use
information available and
tries to make sense of it

does not attempt to use
available information
effectively

3, 6, 7,
24, 31
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Table 2:  Overall FCI results (fractional gains are averaged over classes).  Note that C is used to
denote calculus-based classes, A to denote algebra/trig-based courses, and AC to denote the
hybrid course at NWU.

 School Curricula N (# of classes) FCI Pre FCI Post h

DC-C (F92) WP 62 (3) 41.8 64.8 0.40

DRY-C  (F96) WP   8 (1) 47.8 77.6 0.57

SKD-C   (F96) WP 33 (2) 41.2 63.9 0.39

NWU-AC (F95&F96) WP 68 (6) 38.4 62.9 0.40

DRY-A (F96) WP 23 (1) 32.5 58.6 0.39

UMD-C (F93-S96) TRD 258 (7) 51.1 60.4 0.19

DRY-A (F96) TRD 39 (2) 38.3 52.3 0.24

MIN-C (F94) RBC 524 (5) 49.0 65.2 0.32

OSU-C (F95) RBC 258 (2) 50.4 69.4 0.38

UMC-C (F93-S97) RBC 546 (9) 50.4 67.9 0.35

MIN-A (F95) RBC 84 (1) 34.4 56.8 0.34

Table 3.  Overall FMCE results (fractional gains are averaged over classes).  Note that C is used
to denote calculus-based classes, A to denote algebra/trig-based courses, and AC to denote the
hybrid course at NWU.

School Curricula N (# of classes) FMCE Pre FMCE Post h

DC-C  (F94-F96) WP 154 (7) 24.1 73.4 0.65

UNI-A (F96) WP 82 (3) 20.9 60.6 0.50

CAR-C (F95) TRD 24 (1) 25.9 39.4 0.18

CAR-A (F95) TRD 38 (1) 19.6 25.9 0.08

UNI-A (F96) TRD 34 (1) 25.4 38.1 0.17



10

Figure 1.  FCI (above and middle) and FMCE (below) figure of merit histograms for classes from
nine of the schools participating in the study.  The figure of merit h is the fraction of the possible
gain.  Shown below are results for traditional lecture classes (TRD), lecture classes supplemented
with research-based activities (RBC), and Workshop Physics classes (WP).
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The average fractional gains on the overall FCI for the different teaching methods are as
follows:

Workshop Physics (DC, Fall 1992) h = 40% ± 3%  (Std. error)

Workshop Physics (DRY, NWU, & SKD) h = 41% ± 2%

Traditional Lecture (UMD, DRY) h = 20% ± 3%

Lecture w/ RBC activities (UMD, OSU, MIN) h = 34% ± 1%

The idealized distribution of the fractional gains for each of these four groups are presented as
Gaussian curves in Figure 2.

As in Hake’s study, the average fractional gains of the first-term classes taught with PER-
based curricula are significantly greater the gains for traditional classes.26  Even the worst PER
based classes have fractional gains that are as good or better than the best traditional lecture
class.  The Workshop Physics courses did particularly well.  Their average fractional gain was
twice that of the traditional lecture courses and was significantly better than the gains of lecture
courses supplemented with PER-based activities.  The average gain from the secondary WP
implementations was comparable to the average gain of the 1992 DC WP classes.

B.  Overall FMCE Results

The FMCE was used as a pre/post evaluation for first term Workshop Physics classes at
UNI and more recent courses at DC (F94-F96) as well as traditional lecture classes at CAR and
UNI.  Overall FMCE results for these schools are shown in Table 3.  The distribution of the
fractional gains for all the classes is shown in Figure 1.  Laws feels that these FMCE results for
Dickinson are more representative of their Workshop Physics classes than the 1992 FCI results
due to improvements in the curriculum and some unusual difficulties with the 1992 classes.

The average fractional gains on the overall FMCE for the different teaching methods are
as follows:

Workshop Physics (DC, 1994-96) h = 65% ± 3%  (Std. error)

Partial Workshop Physics (UNI) h = 50% ± 2%

Traditional (CAR & UNI) h = 14% ± 3%

By the end of the first term, the Workshop Physics classes are showing significantly
greater conceptual gains as measured by the fractional gain, h.  The average fractional gain of the
three partial Workshop Physics class at Iowa is almost three times larger than the fractional gain
of the traditional lecture courses there.  The UNI classes also outperformed the traditional classes
at CAR.  However, the average of the classes at UNI is still significantly less than the average for
recent WP classes at DC.  While these results appear to indicate a trend, because of the small
number of classes more data may be needed to confirm the trend.
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Figure 2.  Idealized Gaussian distributions of the fractional gain h on the overall FCI.

Table 4.  Results on the FCI Newton 3 questions (fractional gains are averaged over classes).
Note that C is used to denote calculus-based classes, A to denote algebra/trig-based courses, and
AC to denote the hybrid course at NWU.

School Curricula N (# of classes) N3 FCI Pre N3 FCI Post hN3

DC-C (F92) WP 62 (3) 34.0 75.3 0.59

DRY-C  (F96) WP   8 (1) 21.9 96.9 0.92

SKD-C   (F96) WP 33 (2) 25.8 73.4 0.66

NWU-AC (F95&F96) WP 68 (6) 28.8 69.9 0.59

UMD-C (F93-S96) TRD 258 (7) 38.7 56.6 0.28

MIN-C (F94) RBC 524 (5) 33.8 57.7 0.40

OSU-C (F95) RBC 258 (2) 31.5 62.3 0.47

UMD-C (F93-S97) RBC 546 (9) 42.6 75.5 0.60
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Figure 3.  Histograms of average figures of merit (hN3) for the Newton 3 FCI cluster for all three
curricula.  Shown below are results for traditional lecture classes (TRD), lecture classes
supplemented with research-based activities (RBC), and Workshop Physics classes (WP). 
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C.  FCI Newton’ Third Law Results

Results were obtained from WP classes at DC and at three of the FIPSE WP schools (DRY,
NWU, & SKD).  Results from TRD classes at UMD and RBC classes from MIN, OSU, and
UMD are included for comparison.  The Newton 3 FCI results for these schools are shown in
Table 4.  The distribution of the fractional gains for all the classes is shown in Figure 3.

The average fractional Newton 3 FCI gains for the different teaching methods are as
follows:

Workshop Physics (DC, Fall 1992) h = 59% ± 16%

Workshop Physics (DRY, NWU, & SKD) h = 64% ± 4%

Traditional Lecture (UMD) h = 28% ± 4%

Lecture w/RBC activities (UMD, OSU, MIN) h = 53% ± 3%

Note that like overall FCI gains, the Workshop Physics classes achieved twice the gain of
the traditional lecture classes.  The average gain for the secondary WP classes are comparable to
that of the 1992 DC WP classes and significantly better than the average gain for the RBC
classes.  The distribution of the average fractional gains for classes shows that all but one of the
WP classes (one of the DC 1992 WP classes) had larger h’s than all the traditional lecture
classes.

One of the UMD Tutorial classes and four of the Workshop Physics classes achieved
fraction gains > 70% (two of the 1992 classes at DC, one of the classes at SKD, and one of the
classes at NWU).  The result for the SKD class is especially notable since the pre-course score
for the Newton 3 cluster was the smallest of any class participating in this study.

IV.  MPEX Survey

MPEX survey results from the beginning and end of the introductory physics sequences
are presented in Table 5 both for the overall survey and for the six expectation dimensions.
MPEX results from Workshop Physics sequences are presented from DC, DRY, NWU, and UNI.
MPEX results from traditional lecture courses at CAR and MIN as well as RBC classes at UMD
(Tutorial classes), MIN (Group Problem solving and Problem Solving Laboratories27), and OSU
(Group Problem Solving and Problem Solving Laboratories) are included for comparison.

The values for each school in the table are averaged over the number of students.  The
uncertainty σ is based on the binomial probability distribution.28  A shift of 2σ in the percentage
of favorable responses is considered significant.  Note that C is used to denote calculus-based
classes, A to denote algebra/trig-based courses, and AC to denote the hybrid course at NWU.  In
analyzing the MPEX survey results it is important to consider the pre/post change and the post
value.

The overall MPEX results for all the sequences studied deteriorated (became less
favorable) during the sequence except for some of the Workshop Physics classes (DC-C, DRY-
A, and UNI-A).  The DRY-A and UNI-A sequences became slightly more favorable.  Two of the
three traditional sequences and two of the RBC sequences showed significant deterioration
overall.  A part of this deterioration was the significant decrease in favorable responses to the



Table 5.  Percentages of students giving favorable/unfavorable responses overall and on the clusters of the MPEX survey giving at the
beginning (pre) and end of one year (post) of the calculus-based introductory physics sequence.   University of Maryland (UMD) is the
only school participating in this study whose introductory sequence is longer than one year.  Note that C is used to denote calculus-
based classes, A to denote algebra/trig-based courses, and AC to denote the hybrid course at NWU.

Schools Overall
(%)

Independence
(%)

Coherence
(%)

Concepts
(%)

Reality Link
(%)

Math Link
(%)

Effort
(%)

Fav/Unfav σ Fav/Unfav σ Fav/Unfav σ Fav/Unfav σ Fav/Unfav σ Fav/Unfav σ Fav/Unfav σ
UMD-C    Pre 58 / 20 4 48 / 32 4 60 / 17 4 52 / 23 4 66 / 11 3 61 / 17 4 68 / 12 3
(RBC)     Post 54 / 22 48 / 28 54 / 25 60 / 17 63 / 17 56 / 19 51 / 24
MIN-C   Pre 59 / 19 3 52 / 27 3 56 / 21 3 54 / 21 3 72 /   9 2 64 / 15 2 72 / 11 2
(RBC)    Post 46 / 26 40 / 33 48 / 23 49 / 24 53 / 17 46 / 27 44 / 30
MIN-C      Pre 58 / 20 2 50 / 30 3 54 / 24 3 54 / 22 3 71 /  8 2 61 / 16 2 73 / 11 2
(TRD)  Post 50 / 25 42 / 34 53 / 23 54 / 20 59 / 17 56 / 21 50 / 27
OSU-C Pre 50 / 24 4 41 / 35 4 49 / 25 4 45 / 27 4 59 / 12 3 53 / 22 4 63 / 18 4
(RBC)     Post 42 / 29 36 / 38 39 / 27 41 / 31 51 / 22 40 / 31 43 / 32
CAR-C    Pre 62 / 17 11 50 / 28 12 48 / 23 12 53 / 23 12 82 /   3 5 71 /   9 8 83 /   3 4
(TRD)      Post 49 / 30 44 / 33 48 / 25 49 / 31 50 / 28 55 / 24 49 / 28
CAR-A  Pre 55 / 19 6 46 / 33 7 46 / 29 7 36 / 34 7 72 /   5 3 61 / 12 5 81 /   9 4
(TRD)    Post 47 / 33 37 / 47 47 / 36 37 / 40 50 / 21 56 / 26 56 / 27
DC-C   Pre 60 / 16 4 57 / 21 4 57 / 17 4 54 / 20 4 72 /   6 3 65 / 12 4 72 /   9 3
(WP) Post 59 / 18 57 / 23 63 / 15 62 / 15 68 / 10 63 / 18 53 / 27
DRY-C  Pre 76 / 10 12 88 /   2 6 66 / 14 14 69 /   9 12 82 /   7 10 86 /   3 7 83 / 11 12
(WP)    Post 70 / 10 67 / 17 60 / 17 74 /   6 86 /   4 83 /   6 54 / 11
NWU-AC Pre 61 / 19 6 52 / 27 7 58 / 25 6 52 / 21 6 81 /   7 4 64 / 13 5 81 /   5 3
(WP)    Post 58 / 22 50 / 30 57 / 23 58 / 20 77 /  7 53 / 29 58 / 25
DRY-A  Pre 63 / 15 10 63 / 10 11 53 / 24 12 48 / 25 12 77 / 8 7 67 /   8 8 81 /   9 6
(WP)    Post 67 / 18 65 / 23 74 / 18 63 / 18 80 /  9 83 /   6 61 / 23
UNI-A  Pre 50 / 26 8 45 / 35 8 51 / 28 8 40 / 36 9 57 / 12 6 54 / 22 8 66 / 14 7
(WP)    Post 56 / 23 46 / 31 48 / 28 46 / 27 76 / 11 58 / 23 59 / 19



16

effort cluster at every school (except UNI-A) in the study.  At the end of the sequence, students
generally felt they did not put in as much effort at they expected to at the beginning of the
sequence.  This result is well known and is neither surprising nor particularly disturbing.  We
will refer to the other five clusters as the cognitive clusters from now on.

More disturbing is that in looking at five cognitive clusters, the TRD and RBC classes
(except UMD-C) all showed significant deterioration in at least one cluster and four of the six
sequences showed deterioration in at least three of these clusters.  Only one of the WP sequences
showed any significant deterioration in any of these five clusters.  The DRY-C sequence showed
a significant decrease in the percentage of favorable responses, but still ended up with 60%
favorable responses, second only to the DRY-A sequence (65% favorable).  Note that only three
sequences (WP-DRY, WP-UNI, and RBC-UMD) had any significant gains in the percentage of
favorable responses either overall or in any of the clusters.

It is interesting to note that the post results for the WP sequences for the overall survey
and for the independence, concepts, and reality link clusters were more favorable than all the
other sequences except UMD.  The WP sequences at DC and DRY were considerably more
favorable overall and in four of the five cognitive dimensions than all the other sequences.  In
general, the secondary implementations at NWU and UNI had less favorable post expectations
than the WP sequences at DC and DRY.

Surprisingly, the secondary WP sequences actually had more favorable post responses on
the reality link cluster than the DC sequence. This cluster is of particular interest because if the
students perceive that the physics they learn in the classroom is strongly connected to the real
world, they see physics as being relevant to them personally.  When that happens, the students
are better motivated to build a good functional understanding of physics that is usable after the
course is over.  The four secondary sequences had unusually large fractions of favorable post
responses to the reality link cluster ranging from 76% to 86%.  For comparison, The DC post
response was only 68% favorable.  The average response of the secondary WP sequences
25%more favorable than average response for the TRD and RBC sequences.   Also note that
almost all the TRD and RBC sequences and none of the WP sequences showed significant
deterioration on the reality link cluster.  The two DRY sequences and the UNI sequence actually
showed some improvement.  The UNI result is particularly important because this is the only
significant improvement we have observed in the reality cluster for any of the schools we have
studied.  It is one of the few significant improvements we have seen.  We also saw significant
improvement on the concept cluster for the WP sequence at DC and the RBC sequence at UMD.

V.  Interviews

A.  Overview

During the course of this project, interviews with student volunteers were conducted
during site visits made to three of the adopting schools, Nebraska Wesleyan University (NWU),
Drury College (DRY) and Forsythe Technical Community College (FTCC).  In this section, we
will mainly discuss results from the interviews with NWU and DRY students.  These schools
were selected for two reasons.  First, these secondary implementations were very close to the
original implementation at Dickinson and second, the two implementations provide an
interesting contrast with each other.  The DRY WP implementation is very successful (as seen



17

from the concept test and expectation results) and the workshop method is being adapted for
courses in other departments.  The NWU implementation is getting better results than traditional
lecture courses but still has several implementation difficulties that are currently being
addressed.29  Some of these implementation difficulties will be of interest to other schools
considering adopting the WP curriculum.

B. Expectation Issues

There are four points of interest to note from the interviews on student expectations.
First, as we saw earlier in the MPEX survey results, most classes (including the WP classes at
DC) show a decrease in the number of favorable responses in the reality link cluster over the year
of introductory physics.  At DRY, the student responses to the reality link cluster became more
favorable, though not significantly so.  At NWU, the students began and ended the sequence with
more favorable responses in the reality cluster than most of the schools in this study, including
Dickinson College (see Table 5).

This favorable response from the DRY and NWU students is reflected in the interviews.
Almost all the students interviewed at NWU believed that the physics they learned in the
classroom was strongly connected to the real world.  In fact, all the students interviewed in the
upper two-thirds of the class gave explicit examples of how they were connecting physics to their
own out-of-class experiences.  There may be several possible reasons for this.  One reason might
be the way many of the students look at learning, another is probably Workshop Physics’ heavy
emphasis on laboratory activities.  However, part of the reason is also due to the instructor
connecting what the students are learning to everyday experience.  In one student’s words,

I think every problem we have in class, every example he’s [the instructor’s] used
he’s related to a real world concept.  It’s not anything that we’ve never heard of
before.  …  We use real life examples every day.

In addition, when asked about the advantages of taking workshop physics, many of the students
responded that this way of learning physics was helping them learn useful knowledge and skills
that they could apply beyond the class.  While several of the NWU students were able to see
connections between the physics they were learning and their careers, the Drury students saw the
connection more clearly and were able to cite specific examples from medicine and architecture.

The second point deals with student perception of learning in the classroom.  One
particular interview questions probes whether students believe they can learn and understand
physics in this course.  This is an important issue since many students who are required to take
physics just try to get through the course without really understanding the content.  Most of the
students interviewed at both schools felt that anyone is capable of learning physics, though some
of them did add conditions such as “if you apply yourself” (2 students), or “if you really want to
(2 students).”  This result indicates that even though some of these students are struggling, they
believe that most people can learn physics with understanding in a Workshop Physics class.  This
is often not the case in a traditional lecture class.

Another question probes whether students believe that understanding physics is not
required to succeed in the class and implies that understanding physics is not emphasized or
reinforced in the class.  At NWU, three students believed that understanding physics was
required to get a good grade in the class.  But another three students believed that despite the
heavy course emphasis on conceptual understanding in Workshop Physics, it was still possible to
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pass this class by memorizing, plugging equations into problems, and chugging away for an
answer.  In other words, the students are using the same means to get through the WP class that
they commonly use to pass a traditional lecture course.30  This may be an indication that the
homework and the exam problems may not be designed to encourage students to explicitly use
their understanding of physics to do well.

The third point is that only two of the four students at NWU in the top third of the class
and three of the ten NWU students overall preferred Workshop physics over traditional lecture
instruction.  Six of the other students believed that learning by lecture was or would be more
effective for them than figuring things out for themselves.  For the two students in the top third
of the class, this was due to their view that learning physics meant learning and using equations.
Although one of them did believe that Workshop Physics was a better way to learn concepts.
The other four students preferred lectures, either because they wanted things explained to them or
because they wanted more recipe-like activities.

Most of these students had at least some constructivist expectations, but these are what
we call “apparent” constructivist expectations.  Most of these students believe they should be
constructing their own understanding, yet deep down they feel that being told is more effective.
One reason for this is that working on something when you don’t know what is right or what you
are supposed to be learning is uncomfortable for many students.  Three of the students
commented that sometimes they felt they were not learning the right things or they did not know
the right answers to their classroom lab activities.

Another reason why students might feel uncomfortable is that Workshop Physics requires
a different type of learning from what they are used to in traditional instruction.  Two students
from the middle third of the class both commented on this.  When one of these students was
asked if the class was what he had expected it to be, he replied,

There's a lot more emphasis on using your hands in lab.  I was ready to take
notes and study for exams like every other class.  So, this has required me to
study in a different way.  But I don't really have anything to compare it to.  But I
don't — I like learning like this.  It's not too bad.  It's just a different way to study,
different way of learning.

When asked how studying for this class was different, he continued,

In several of the courses I've taken here, you sat in your lectures for 50 minutes,
take notes, review your notes, and basically memorize things for a test.  And it
might just be — This is the only physics class I've taken, too.  It might be that, but
that's a different, too ... just having to work all the problems.  But the lab manual
that we work out of — you just keep up by doing exercises every day in lab.  You
don't really take notes.  And sometimes I don't really learn the right thing,
because we don't review.  A lot of time, we don't go over the material —  like in
other classes, you have reviews or recitations, I guess, where you can ask ques-
tions and those are kind of skipped over here.

The fourth point has to do with the students being part of a community.  One key aspect
of science-education reform and research-based physics curricula is the establishment in the
classroom of a community of learners where the students discuss the central ideas of the course
with one another both in and out of class.  Although some of the students at NWU discuss their
solutions with one another and help one another prepare for exams, they do not discuss or reflect
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on what they do in class when they are out of class.  This is in contrast to Dickinson College and
Drury College where the workshop physics students do regularly discuss class activities outside
of classtime.  Almost all the students I interviewed at Drury and Dickinson worked with other
students outside of class at least once a week.  They discussed all aspects of the class, not just the
homework assignments and the exams.

In general, the implementation at Drury seemed more successful than the implementation
at NWU.  The groups functioned better and the instructors seemed to have learned how to
manage the class more effectively.  However, part of the success at Drury may be due to the
nature of the institutions.  It should be noted that many of the students in the WP classes at Drury
knew each other from other classes and they were encouraged to form study groups for many of
their other classes.

C.  Implementation Issues

Two factors essential to the success to any curriculum that uses cooperative groups are
how well the group members work together and whether the group’s main goal is completing the
activity or trying to really understand what is going on in the activity.  Six of the ten NWU
students interviewed mentioned problems with their groups.  Note that in the second semester at
NWU the groups were assigned and kept unchanged throughout the semester.

In one student’s case (top third), the problem was the way the group worked together.
The two other members of her group knew each other outside of class and excluded her when
both were present.  However, in the weeks before the interview, one of the other women had
been absent and the student was able to collaborate with her remaining lab partner.  She said that
lab was a much better experience with just the two of them.

For three of the other students (top, middle, and bottom third), the problem was one of
conflicting goals.  Their goal of trying to make sense of the lab activities was thwarted by some
of their group members who stressed getting through the assignment as quickly as possible.
These students were like the poor students (as judged by their performance in class) studies of
students’ study procedures by Chi et al.31 and Ferguson-Hessler and de Jong.32  These studies
found that students who were not performing well in the class (unlike the students who were
performing well in the class) went through examples and readings and accepted them “as is”
without thinking about what they were reading and/or checking to see that they understood it.

 In cooperative group activities, the instructor can counter this tendency by asking semi-
Socratic questions of the groups and/or the class as a whole.  However, problems with the group
dynamics should not be taken lightly.  It is an indication that the students’ goals for learning do
not match those of the instructor or the curriculum.  In addition, there were also indications in the
interviews that some students were not connecting the classroom activities to the homework and
the exams.  One student stated explicitly in her interview that she used her textbook to do the
homework and the class activities to understand the concepts.

Several of the NWU students interviewed also commented about wasted time due to the
confusion at the beginning of the period.  From one of the students in the top third,

… so there was a lot of confusion time, just setting things up.  It wasn't explained
well.  And that's the big thing, I think. He [The instructor] goes through each
group individually and explains how to set something up.  But a — rather than
doing it as a whole.   …  I just thought with [the second semester instructor], we
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seem to waste a lot more time, because you couldn't really progress with the lab
until you had it set up right.  There just was a lag time.

The students need to have a good idea of what they are doing when they begin the lab activity.
Leaving student groups floundering for long periods of time can result in the students being
frustrated.  This is where having more than one facilitator for 25 students (like at DC) can make a
big difference.

From the interviews, we found that the group dynamics seemed to affect how the students
viewed the curriculum.  When students feel that their group works well, they tend to feel
Workshop Physics is effective.  If the group has difficulties, students tend to believe they would
learn more in traditional instruction.

VI.  Conclusion

This evaluation study looked at how well students improved their understanding of basic
physics concepts and their expectations about what they were learning at institutions adopting the
Workshop Physics curriculum.  Two mechanics concept tests, the FCI and the FMCE, were used
to measure gains in student understanding of the Newtonian force concept and a survey of
author’s design, the MPEX survey, was used to evaluate student expectations.   An analysis of
the pre/post results of both measures shows that the classes adopting the Workshop Physics
curriculum did significantly better than classes using traditional lecture methods and as well or
better than classes where lectures were supplemented with active learning activities.  In a few
instances, the results were as good or better than Workshop Physics classes at Dickinson.
However, the interviews indicated that these results can be negated by difficulties such as poor
group dynamics or group confusion about what to do for a specific activity.
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Appendix A.  Descriptions of Schools and Courses

Table A-1:  A description of schools participating in this study.  Schools participating in the
FIPSE project are shaded.

School Type # of
Students*

SAT Ver/Mth
ACT

Selectivity

University of Maryland a 20,344 500 /590 M 72
University of Minnesota a 16,457 570/590 M

ACT 24
77

Ohio State University a 30,500 540/550 M
ACT 23

66

Carroll College b 1,542     n/a 63
Dickinson College b 1,789 600/590 M 74
Drury College b 1,221 ACT 25 74
Nebraska Wesleyan University b 1,378 ACT 24 72
University of Northern Iowa a 10,115 ACT 23 69
Skidmore College a 2,150 610/600 M

ACT 28
76

Whittier College a 1,301 530/520 M
ACT 22

69

Forsyth Technical Community
College

c ?     n/a n/a

Types of Schools:  (a)  Large public research university, (b) small liberal arts college or
university, and (c) Community College
# of Students:  This indicates the total number of full-time undergraduates as of 1995
Selectivity:  The selectivity ranking was determined by the 1996 Princeton Review. The ranking
is determined by a formula that considers the college’s acceptance rate and the percentage of
acceptees who actually enroll as well as the class rank and average test scores of the entering
freshmen. Selectivity rankings range from 56 to 100.  Selectivity scale as follows:

56 - 69  Not Selective
70 - 79  Selective
80 - 89  Very Selective
90 - 100 Mega Selective

There is no selectivity score or college entrance exam scores for the community college.  Any
student with a high school diploma or equivalent may attend.
Selectivity average of the ten schools = 71.0 ± 4.6
Test score averages are for students who entered college in 1995.



Table A-2:  Description of Classes Studied  (na indicates this course does not have lecture or recitation)

Institution Teaching
 Method

Class size
Lecture

(rec / lab)

Lecture Recitatio
n

Laboratory Comments

University of Maryland
College Park, MD  (UMD)

Traditional 50-150
(25 / 25)

3 hrs/wk
by faculty

1 hr/wk
by 1 TA

2-3 hrs/wk
by TA

3 semester sequence with no lab
in the first semester

University of Maryland
College Park, MD  (UMD)

Tutorials 50-150
(25 / 25)

3 hrs/wk
by faculty

1 hr/wk
by 2 TAs

2-3 hrs/wk
 by 1 TA

Similar to UMD traditional with
tutorials replacing recitation

University of Minnesota
Minneapolis, MN   (MIN)

Group
Problem
Solving

150-200
(18 / 18)

3 hrs/wk
by faculty

1 hr/wk
by 1 TA

2 hrs/wk
by 1 TA

3 quarter sequence / Integrated
themes / Large Lecture with GPS
in recitation and PSL in labs

Ohio State University,
Columbus, OH       (OSU)

Group
Problem
Solving

150-180
(25 / 25)

3 hrs/wk
by faculty

2 hrs/wk
by 1 TA

2 hrs/wk
by 1 TA

3 quarter sequence / Large
Lecture with interactive demos/
GPS in recitation and PSL in labs

Carroll College
Waukesha, WI       (CAR)

Traditional 15-20
(na / 16)

4 hrs/wk by
faculty

na 3 hrs/wk
by Lab Asst

2 semester Sequence / Will begin
using Workshop Physics in F97

Dickinson College
Carlisle, PA           (DC)

Workshop
Physics

na
(na / 25)

na na 6 hrs/wk by
faculty & 2

TAs

2 semester sequence with minimal
lecture / uses undergraduate TAs

Drury College
Springfield, MO     (DRU)

Workshop
Physics

na
(na / 10)

na na 6 hrs/week
by faculty

2 semester sequence with minimal
lecture

Nebraska Wesleyan Univ.
Lincoln, NE           (NWU)

Workshop
Physics

na
(na / 25)

na na 6 hrs/week
by faculty

2 semester sequence with minimal
lecture

Skidmore College  (SKD)
Saratoga Springs, NY

Workshop
Physics

na
(na / 25)

na na 6 hrs/week
by faculty

2 semester sequence with minimal
lecture

University of
Northern Iowa
Cedar Falls,  IA     (UNI)

Workshop
Physics
Like

25
(na / 25)

1 hr/wk
by

faculty

na 4 hr/wk
by faculty

2 semester sequence with
Workshop Physics-like laboratory
activities and 1 hr of lec. / week

Forsyth Technical (FTCC)
Community College
Winston-Salem, NC

Traditional 25
(25 / 25)

na na 6 hrs/week
by faculty

2 quarter Technical Physics class /
Students often do not take both
quarters consecutively
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Appendix B.  Force Concept Inventory

The Force Concept Inventory is reprinted from D. Hestenes, M. Wells, and G. Swackhamer,
“Force Concept Inventory,” The Physics Teacher 30, 154-158 (1992).
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Appendix C.  Force and Motion Conceptual Evaluation (FMCE)

The Force and Motion Conceptual Evaluation is reprinted from R.K. Thornton and D.R.
Sokoloff, “Assessing student learning of Newton’s laws:  The Force and Motion Concept
Evaluation and the evaluation of active learning laboratory and lecture,” Am. J. Phys. 66 (4),
338-351 (1998).
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Appendix D.  The Maryland Physics Expectation (MPEX) Survey

Note that individual items from this survey should not be used to evaluate individual students.  On

any single item, students may have atypical interpretations or special circumstances which make the

“non-expert” answer the best answer for that student.  Furthermore, students often think that they function

in one fashion and actually behave differently.  A more detailed observation is required to diagnose the

difficulties of individual students.   This survey is primarily intended to evaluate the impact of one or

more semesters of instruction on an overall class.  It can be used to illuminate some of the student

reactions to instruction of a class that are not observable using traditional evaluations.  In this context, it,

together with evaluations of student learning of content, can be used as a guide for improving instruction.

1 All I need to do to understand most of the basic ideas in this course is just
read the text, work most of the problems, and/or pay close attention in
class.

1  2  3  4  5

2 All I learn from a derivation or proof of a formula is that the formula
obtained is valid and that it is OK to use it in problems.

1  2  3  4  5

3 I go over my class notes carefully to prepare for tests in this course. 1  2  3  4  5

4 Problem solving in physics basically means matching problems with facts
or equations and then substituting values to get a number.

1  2  3  4  5

5 Learning physics made me change some of my ideas about how the
physical world works.

1  2  3  4  5

6 I spend a lot of time figuring out and understanding at least some of the
derivations or proofs given either in class or in the text.

1  2  3  4  5

7 I read the text in detail and work through many of the examples given
there.

1  2  3  4  5

8 In this course, I do not expect to understand equations in an intuitive sense;
they just have to be taken as givens.

1  2  3  4  5

9 The best way for me to learn physics is by solving many problems rather
than by carefully analyzing a few in detail.

1  2  3  4  5

10 Physical laws have little relation to what I experience in the real world. 1  2  3  4  5

11 A good understanding of physics is necessary for me to achieve my career
goals. A good grade in this course is not enough.

1  2  3  4  5

12 Knowledge in physics consists of many pieces of information each of
which applies primarily to a specific situation.

1  2  3  4  5

13 My grade in this course is primarily determined by how familiar I am with
the material. Insight or creativity has little to do with it.

1  2  3  4  5

14 Learning physics is a matter of acquiring knowledge that is specifically
located in the laws, principles, and equations given in class and/or in the
textbook.

1  2  3  4  5

15 In doing a physics problem, if my calculation gives a result that differs
significantly from what I expect, I'd have to trust the calculation.

1  2  3  4  5
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16 The derivations or proofs of equations in class or in the text have little to
do with solving problems or with the skills I need to succeed in this course.

1  2  3  4  5

17 Only very few specially qualified people are capable of really
understanding physics.

1  2  3  4  5

18 To understand physics, I sometimes think about my personal experiences
and relate them to the topic being analyzed.

1  2  3  4  5

19 The most crucial thing in solving a physics problem is finding the right
equation to use.

1  2  3  4  5

20 If I don't remember a particular equation needed for a problem in an exam
there's nothing much I can do (legally!) to come up with it.

1  2  3  4  5

21 If I came up with two different approaches to a problem and they gave
different answers, I would not worry about it; I would just choose the
answer that seemed most reasonable. (Assume the answer is not in the
back of the book.)

1  2  3  4  5

22 Physics is related to the real world and it sometimes helps to think about
the connection, but it is rarely essential for what I have to do in this course.

1  2  3  4  5

23 The main skill I get out of this course is learning how to solve physics
problems.

1  2  3  4  5

24 The results of an exam don't give me any useful guidance to improve my
understanding of the course material. All the learning associated with an
exam is in the studying I do before it takes place.

1  2  3  4  5

25 Learning physics helps me understand situations in my everyday life. 1  2  3  4  5

26 When I solve most exam or homework problems, I explicitly think about
the concepts that underlie the problem.

1  2  3  4  5

27 Understanding physics basically means being able to recall something
you've read or been shown.

1  2  3  4  5

28 Spending a lot of time (half an hour or more) working on a problem is a
waste of time. If I don't make progress quickly, I'd be better off asking
someone who knows more than I do.

1  2  3  4  5

29 A significant problem in this course is being able to memorize all the
information I need to know.

1  2  3  4  5

30 The main skill I get out of this course is to learn how to reason logically
about the physical world.

1  2  3  4  5

31 I use the mistakes I make on homework and on exam problems as clues to
what I need to do to understand the material better.

1  2  3  4  5

32 To be able to use an equation in a problem (particularly in a problem that I
haven’t seen before), I need to know more than what each term in the
equation represents.

1  2  3  4  5

33 It is possible to pass this course (get a "C" or better) without understanding
physics very well.

1  2  3  4  5

34 Learning physics requires that I substantially rethink, restructure, and
reorganize the information that I am given in class and/or in the text.

1  2  3  4  5
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