Chapter 5. Measurements of Expectations:

The Maryland Physics Expectations (M PEX) Survey
I. OVERVIEW
A. What are Expectations?

In chapter 2, several examples were used from the Physics Education Research
literature to demonstrate that students do not come into the introductory physics class as
blank slates. In the previous chapter, we showed that concept tests like the FCI* and
FMCE? have determined that many students have common sense beliefs about physics
concepts that can hinder their learning of the physics concepts taught in the introductory
class. However, the discussion in chapter 2 showed that it is not only physics concepts
that a student brings into the physics classroom. Each student, based on his or her own
experiences, brings to the physics class a set of expectations about what sorts of things
they will learn, what skills will be required, and what they will be expected to do. In
addition, their view of the nature of scientific information affects how they interpret what
they hear. Aswe saw in chapter 2, students expectations can have a strong effect on

what they get out of a physics class.

B. Why Study Expectations?

Whileit isimportant for students to learn a functional understanding of the
physics concepts, it is aso important for the students to develop expectations favorable
for developing a deep, functional understanding of physics. Aswe saw in the examples
of Mazur,® Hammer,* and Tobias® in chapter 2, the students expectations have a
significant effect on what the students do to learn physics, their idea of what physicsis,

the type of understanding they build, and ultimately what they get out of the class. In
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many traditional introductory physics classes, some students expectations and their
desire for a good grade with a minimum of work may lead them to a false sense of what
learning physicsis about. Like Hammer’s student Liza in chapter 2, these students may
believe that by memorizing formulas and problems solutions and using what they’ ve
memorized to solve typical end of chapter problems on exams, that they have

successfully learned physics in addition to doing well on the exams.

C. Why a Survey?

The FCI and other concept tests like it, as described in the previous chapter, have
played amaor role in convincing physics instructors of the validity of studies of the
nature and persistence of students common sense beliefsin traditional instruction as well
as evaluations of curricula designed to improve students' conceptual understanding.
There are several reasons why tests like the FCI have become an amost indispensable
assessment instrument to physics instructors. Unlike many research-based assessment
methods, they can easily be used and interpreted by instructors who are not physics
education researchers. They can be used to roughly determine the distribution of
Newtonian and common sense beliefs over awhole class. In addition, they can be used
as a pre/post evaluation tool to see if and how student responses change. Severa
curricula that take into account the students common sense beliefs have shown
significant improvements in students' conceptual understanding as measured by multiple-
choice concepts tests compared to traditional instruction (see chapter 4).

However, while agreat deal is known about student common sense beliefs about
concepts in introductory physics courses, very little is known about the nature and

effects of student expectations in physics classes. The few studies that exist have mainly
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used individual student interviews.® What they have taught us about student learning is
alarming, but we need to learn how serious and how widespread the problems
demonstrated by these studies are. If inappropriate expectations play a significant rolein
the difficulties our students commonly have with introductory cal culus-based physics,
physics education researcher and physics instructors need way to track and document
them. In particular, we need an instrument equivalent to study thisissue. It needsto be
convenient to give and easy to analyze for a physics instructor who is not a physics
education speciaist to use with their own classes as a pre/post evaluation. This would
give us a sense of the distribution and evolution of these expectation “misconceptions’ in
the introductory physics classroom.

In this chapter, | describe our development of the MPEX survey, a 34-item
Likert-scale (agree-disagree) survey that probes students cognitive expectations.” The
MPEX survey is one of several instruments being developed to meet this need.® Note
that because of their brevity, these instruments are surveys and not diagnostics. (See the
discussion on thisissue in chapter 4, page 129.) While they are useful as an instrument
for learning how broad and prevalent expectation misconceptions are in a class, they are

often less reliable measures than diagnostics for evaluating individual students.’

D. Chapter Layout

In this chapter, | describe the development, the structure, and testing for
reliability and validity of the MPEX Survey. The MPEX survey results from
introductory physics classes are presented in chapter 10. In section 11, | describe the
development of the MPEX survey over the last five years by Redish, Steinberg, and the

author. Insection 11, | describe both the 34 survey items and the construction of seven
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dimensions of expectations. Section IV contains results on two tests of the validity of
the MPEX survey deals, the results of the survey with five calibration groups and the
results from interviews with students taking the survey and going over their responses.
Tests of the MPEX survey reliability including factor analysis, Cronbach apha, and
reproduction of results are presented in section V together with a brief discussion of the

survey data' s statistical uncertainty.

II. DEVELOPMENT OF THE SURVEY

This study began as an attempt to extend Hammer's work. Detailed interviews
are too slow and expensive to alow the determination of distribution functions — how
many students in various classes hold particular views. We want to know such things as
what is the distribution of students’ expectations coming into the introductory physics
class, whether students in universities or junior colleges have different attitudes or
distributions of attitudes, and whether the distribution of attitudes found in a study at a
particular college or university are representative of what is found throughout the
country. To determine these distribution functions requires an efficient and easily
delivered instrument — a questionnaire or short answer test. A major goal of the MPEX
project has been to develop and evaluate such an instrument.

We aso want to know the role of dynamics. While Hammer did not observe
students changing their views, the studies by Perry™ and Belenky et al.™* (see the
discussion on expectations in chapter 2) found that many of their young adult subjects
were able to evolve more sophisticated expectations about general knowledge.

Although neither Perry’ s nor Belenky et al.’s studies focused specifically on scientific
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situations, these two studies give us hope that many students can be moved from
Hammer's category B to the more sophisticated and scientific category A. A second
goal of this project is to understand whether such transitions are possible and to begin to
specify what activities in a university physics class can help such transitions take place.

Redish and Steinberg began to develop the MPEX survey in the 1992 fall quarter
at the University of Washington. The first version of the expectations survey was
delivered in the spring quarter of 1993 to students in the three-quarter cal culus-based
introductory physics sequence at the University of Washington. The studentsin first-
guarter course were surveyed at the beginning of the quarter and the studentsin the
third-quarter course were interviewed at the end of the quarter. Responses from more
than 100 students were obtained from each course. These students in the introductory
calculus-based physics class were given a survey with 51 statements about the nature of
physics, the study of physics, and their relation to it. They rated these statements on a
five point Likert scale™ from strongly disagree (1) to strongly agree (5). The survey was
also given to eight faculty members who had taught the class before. The survey items
were chosen as aresult of adetailed literature review, discussions with physics faculty,
and the designers' combined 35 years of teaching experience.

Upon his return to University of Maryland, Redish gave a new version of the
survey to students in an experimental class of the engineering physics sequence. Based
on the analysis of the University of Washington results, this second version of the survey
was pared to 35 statements. My involvement with this project began with the second
semester of this sequence. Up to this point, the surveys were given to the students as

paper and pencil instruments that had space for comments. For the second version of the
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survey, | validated the survey items by interviewing students and by examining students
written comments from the class surveys. Beginning with the third version of the survey
and widespread distribution with other schools, Redish and | developed a scantron
version of the survey to alow for easy processing of large numbers of completed surveys
from the 17 participating colleges and universities.

We" validated the survey items from the current version of the survey (version
4.0) in anumber of ways. by discussion with other faculty and physics education
experts, through student interviews, by giving the survey to avariety of "experts’, and
through repeated delivery of the survey to groups of students. | conducted over 125
hours of interviews with over 100 students at eight of the participating colleges and
universities.

The MPEX survey was iteratively refined through testing in more than 17
universities and colleges during the last four years. The final version of the survey
presented here has 34 items and typically takes twenty to thirty minutes to complete.**
The survey items are designed so that those students with sophisticated expectations will
agree with some items and disagree with others. The results of the MPEX survey given
in the introductory courses at ten colleges and universities using traditional and research-
based curricula are given in chapter 10 of this dissertation. (The curricula and their

implementations at the ten schools are described in chapter 8.)
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1. CHOOSING THE ITEMSOF THE MPEX SURVEY

A. Cluster Descriptions

The cognitive beliefs that we have referred to as "student expectations' clearly

are complex and contain many facets. We decided to focus on six issues or dimensions

along which we might categorize student attitudes about learning and physics. Three of

these are taken from Hammer's study and we have added three of our own. Building on

the work of Perry and Songer and Linn,"> Hammer proposed three dimensions along

which to classify student beliefs about the nature of learning physics:

1. Independence — bdiefs 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 aso seek to probe the three additional dimensions
described below:

4. Reality Link — beliefs about the connection between physics and reality —

whether physicsis unrelated to experiences outside the classroom or whether it is
useful to think about them together;

Math Link — beliefs about the role of mathematicsin learning physics —
whether the mathematical formalism is just used to calculate numbers or is used
as away of representing information about physical phenomena;

Effort — beliefs about the kind of activities and type of 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.

The extreme views associated with each of these variables are given in Table 5-1. We

refer to the extreme view that agrees with that of most mature scientists as the “ expert”

or “favorable’ view, and the view that agrees with that of most beginning students as the
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“novice” or “unfavorable” view. The survey items that have been selected to probe these

Six expectation dimensions are given in the right hand column of the table. We

Table5-1. MPEX dimensions of student expectations

tries to make sense of it

effectively

Favorable Unfavorable MPEX
tems
independence | takes responsibility for takeswhat is given by 1,8, 13,
constructing own authorities (teacher, text) 14,17,
understanding without evaluation 27
coherence believes physics needsto be | believes physics can be 12, 15,
considered as a connected, | treated as unrelated facts 16,
consistent framework or "pieces’ 21, 29
concepts stresses understanding of focuses on memorizing and | 4, 19,
the underlying ideas and using formulas 26,
concepts 27, 32
reality link believesideas learned in believesideas learned in 10, 18,
physics are relevant and physics haslittlerelationto | 22, 25
useful in awide variety of experiences outside the
real contexts classroom
math link considers mathematicsasa | views the physics and the 2, 6,8,
convenient way of math as independent with 16, 20
representing physical little relationship between
phenomena them
effort makes the effort to use does not attempt to use 3,6,7,
information available and available information 24,31
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refer to the collection of survey items designed to probe a particular dimension as a
“cluster.” Note that there is some overlap, as these dimensions are not independent

variables.

B. Survey Items & Responses

The survey has undergone severa iterations of development and testing. A copy
of the current pre-course versions (version 4.0) of both the scantron and paper & pencil
survey forms are included in Appendix C. Note that the pre- and post-course versions of
the forms have the same survey items but with different tenses to differentiate between
what students expect to do at the beginning of the sequence and what they have done at
the end of the course. In the current section, each of the thirty-four survey items are

presented and interpreted. The items are listed under their corresponding clusters.

1. Student beliefs about learning physics: The independence cluster

One characteristic of the binary thinker, as reported by Perry and Belenky et al.,*
isthe view that knowledge comes from an authoritative source, such as an instructor or a
textbook, and it is the responsibility of that authority to convey this knowledge to the
student. Thisisakey element of the transmissionist view of learning, that knowledgeis
presented to the student who learns it and repeats it back on assignments and exams.
The more mature students understand that devel oping knowledge is a participatory
process. They understand that they must actively think about what they are learning to
build an understanding of the course material. Hammer classifies these two extreme
views as “by authority” and. “independent.”*” The survey items 1, 8, 13, 14, 17, and 27

are designed to probe students' views aong this dimension.
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Item1. All | need to do to understand most of the basic ideasin this courseis
just read the text, work most of the problems, and/or pay close
attention in class.

At first glance, item 1 seems like afairly innocuous question that al students
should agree with. After all thisiswhat instructors expect most students to do to
succeed in the course. It isonly when one realizes that with the word “just” thereis
nothing in this statement about understanding the materia that the point of thisitem
becomes clear. As students become more independent in building their own
understanding, they start to disagree with thisitem. Disagreeing with thisitemisa

strong indication that the student is moving beyond “binary” thinking.

Item 8. Inthiscourse, | do not expect to understand equations in an intuitive
sense; they just have to be taken as givens.

All instructors would expect their students to disagree with thisitem. However,
many students attempt to learn physics by memorizing equations and mathematical
problem solutions without understanding. Some students do this because they fedl thisis
the most efficient way to learn the material. Others like Hammer's student Ellen'® do it
because they haven't been able to understand the material and thisis their only way to
succeed. However, because many students recognize that they should disagree with this
statement, agreement with this statement is a strong indication of learning by authority.
Since in this view, concepts are divorced from the equations, thisitem is also part of the

Math Link cluster.

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

As Tobias student observers commented,*® many students believe that if you

know physics, there is one and only one right way to do things like solving problems,
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particularly at the introductory course level. When students believe this, they do not see
the value of insight or creativity because they are focusing on learning the “right”
answers. They see science as a set of facts laid down by authority rather than as a
process to understand physical phenomenon. Students who agree with thisitem are
emphasizing learning the course materia rather than trying to understand and think about

the course material.

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

While learning physics involves learning the laws, principles, and equations, it is
more than that. Learning physics aso involves building afunctiona understanding of the
laws, principles, and equations including understanding their implications and
interconnections. “Independent” students who are actively building their own

understanding of the material will disagree with this statement.

Item 17. Only very few specially qualified people are capable of really
under standing physics.

Many students come into the introductory physics class believing that they cannot
do physics but maybe they can learn something about it. One of our goals of instruction
isthat students learn how to do physics themselves, that is, to make observations, to
generalize from what they observe and construct models, and to make and test
predictions rather than to just receive physics knowledge. We expect that students who

believe that they can do physics to disagree with this statement

Item 27. Under standing physics basically means being able to recall something
you've read or been shown.
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Item 27 is an example of the extreme “by authority” view. We would hope that
most students would disagree with thisitem. Since such aview precludes conceptual

understanding, item 27 is also part of the concepts cluster.

2. Student beliefs about the structure of physics knowledge:
The coherence cluster

Most physics faculty feel strongly that students should see physics as a coherent,
consistent structure. A major strength of the scientific worldview isits ability to describe
many complex phenomena with afew simple laws and principles. Students, like Liza
from Hammer’ s study in chapter 2, who emphasize science as a collection of facts, fail to
see the integrity of the structure, an integrity that is both epistemologically convincing
and useful. The lack of acoherent view can cause students many problems, including a
fallure to notice errorsin their reasoning and an inability to evaluate arecalled item
through crosschecks. Survey items 12, 15, 16, 21, and 29 have been included in order to
probe student views aong this dimension.

Item 12. Knowledge in physics consists of many pieces of information each of

which applies primarily to a specific situation.

Item 12 reflects the view of students who focus on memorizing information.
These students have a great deal to memorize because there is so much material and so
many different situations. Their focusis on the equations used in al these different
situations, not on the more general equations and principle from which the situation
specific equations can be derived. These students tend not to see physics knowledge as a

consistent framework and they don’t see the connections and underlying themesin the
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course material. A student who sees either the framework, the connections, or the

underlying themes should disagree with this statement.

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

Aswe saw in the discussion of Hammer’ s doctoral study in chapter 2, the type B
students were very casua about making and breaking associations between different
aspects of their knowledge. Since they don’t expect physics to be coherent or even to
really make sense, these students tend to trust their calculation more and change their
intuition to suit a particular problem. The type A students saw physics as more coherent
and were much more cautious about modifying their understanding. They tend to trust
their intuition more than their calculations.

Item 16. The derivations or proofs of equations in class or in the text have little

to do with solving problems or with the skills | need to succeed in this
course.

The derivations of equations show how the equations are related to the coherent
framework. They show where they come from and how they relate to the main
principles. A student who agrees with item 16 does not see either the relationship or the
coherent structure as useful. While thisis usually an indication of the students
expectations, it can aso be an indication of the types of physics knowledge valued in the
class. Since derivations are an important part of the relationship between concepts and

equations, thisitem is aso part of the math link cluster.

Item 21. If I came up with two different approaches to a problem and they gave
different answers, | would not worry about it; | would just choose the
answer that seemed most reasonable. (Assume the answer is not in the
back of the book.)
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Coming up with two different answers using two different approaches indicates
that something is seriously wrong with at least one of the solutions and perhaps with the
students' understanding of physics and how to apply it to problems. A student who sees
physics as a set of many equations that apply to many different situations and believes
that there is only one right solution would assume that the |ess reasonable answer was
produced from using an incorrect equation. A student who sees physics as a coherent

and consistent whole will disagree with item 21.

Item 29. A significant problemin this courseis being able to memorize all the
information | need to know.

A sophisticated student will realize that the large number of different equations
and results discussed in a physics text can be structured and organized so that only a
small amount of information needs to be memorized and the rest can be easily rebuilt as
needed. Item 29 is part of a probe into whether or not students see this structure or are
relying on memorizing instead of rebuilding. However, if students are permitted to use a
formula sheet or if exams are open book, they may not perceive memorization as a
problem. This does not mean that they see the coherence of the materia.° If extensive
information is made available to students during exams, item #29 needs to be interpreted

carefully.
3. Student beliefs about the content of physics knowledge: The concepts cluster

The group of items selected for the concepts cluster (items 4, 19, 26, 27, and 32)
are intended to probe whether students are viewing physics problems as smply a
mathematical calculation or the application of an equation, or whether they are aware of

the more fundamental role played by physics concepts and principles in complex problem
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solving. Theintent of these items and the student views that would lead students to

agree or disagree with these items is clear.

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

Item 19. The most crucial thing in solving a physics problem s finding the right
eguation to use.

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

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

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

The intent of these items ranges from statements of extreme novice views like
item 27 to the more sophisticated views expressed in items 19 and 26. Students who
disagree with item 27 can at least distinguish between memorizing and understanding.
Students who rely heavily on equation manipulation to get through the introductory
physics course will agree with item 4. However, it isinteresting to compare the results
of items4 and 19. A more experienced student could disagree with item 4 and yet still
agree with item 19 either because of or despite the use of the words “most crucial.” As
students become more experienced with complex problem solving, the importance of
finding the correct equation decreases and more emphasisis placed on a better
understanding of the problems and the conceptual issues involved. Another sign of
sophistication in problem solving is the explicit use of physics concepts and principles as
queried by item 26. Many novice students will write out equations in problem solutions
with little or no idea of the relation between the equations and the concepts or principles.

These students often apply whatever equation they can find or remember that seems to
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have the right quantities to solve the problem. These students tend to disagree with item

32.

4. Student beliefs about the connections between physics and the real world:

Thereality-link cluster

Although physicists believe that they are learning about the real world when they

study physics, the context dependence of cognitive responses (see ref. 5) opens a
possible gap between faculty and students. Students may believe that physicsis related
to the real world in principle, but they may aso believe that it has little or no relevance to
their personal experience. This can cause problems that are both serious and surprising
to faculty. The student who does a calculation of the speed with which a high jumper
leaves the ground and comes up with 8000 m/s (as aresult of recalling numbers with
incorrect units and forgetting to take a square root) may not bother to evaluate that
answer and see it as nonsense on the basis of persona experience. When an instructor
produces a demonstration that has been “cleaned” of distracting elements such as friction
and air resistance, the instructor may see it as displaying a general physical law that is
present in the everyday world but that lies “hidden” beneath distracting factors. The
student, on the other hand, may believe that the complex apparatus is required to
produce the phenomenon, and that it does not occur naturally in the everyday world, or
isirrdlevant to it. A failure to make alink to experience can lead to problems, not just
because physics instructors want students to make strong connections between their real-
life experiences and what they learn in the classroom, but because learning tends to be

more effective and robust when linked to real and personal experiences.
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The four itemsincluded as the reality-link cluster (items 10, 18, 22, and 25) do
not just probe whether the students believe the laws of physics govern the real world.
Rather, these items probe whether the students feel that their personal real-world
experience is relevant for their physics course and vice versa. In our interviews, we
observed that many students show what we would call, following Hammer, an “ apparent
reality link.” That is, they believe that the laws of physics govern the behavior of the real
world in principle, but that they do not need to consider that fact relevant or necessary to

their physics course.

Item 10. Physical laws have little relation to what | experience in the real
world.

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

Item 22. Physicsisrelated to the real world and it sometimes helps to think
about the connection, but it israrely essential for what | haveto doin
this course.

Item 25. Learning physics helps me understand situations in my everyday life.

Item 10 isfairly obvious and most, but not all, students usually disagree with it at
the beginning of the course. Note that the question does not ask if physical laws are
related to the real world but if they are related to the students' experiencesin the real
world. Even many students with novice views will disagree with thisitem. As students
start thinking about what they are learning, they usually start to see examples of physics
in everyday situations and agree with Item 25. More sophisticated students will agree
with item 18 and disagree with item 22. While many students see examples of physicsin
everyday life, only afew use their own experiences to help them understand the physics

they are learning or in solving problems. While many students find that thinking about
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physicsin connection with the real world is useful, only afraction of them feel that this
helps them in most introductory physics courses.

We expect at least some students to respond as if they believe physics and
physical laws are closely related to their experiences, but this connection is not
something they use to help them learn physicsin or out of class. These students are
aware of the connection and some even know that in ideal circumstances they should be
using the link, but they don’t actively integrate their experiences and the physics they are

learning.

5. Student beliefs about the role of mathematicsin learning physics:
Themath-link cluster

An important component of the cal culus-based physics course is the devel opment
of the students' ability to use abstract and mathematical reasoning in describing and
making predictions about the behavior of rea physical systems. Expert scientists use
mathematical equations as concise summaries of complex relationships among concepts
and/or measurements. They can often use equations as a framework on which to
construct qualitative arguments. Many introductory students, however, fail to see the
deeper physical relationships present in an equation and instead use the math in a purely
arithmetic sense, i.e. asaway to calculate a numeric answer. When students have this
expectation about equations, there can be a serious gap between what the instructor
intends and what the studentsinfer. For example, a professor may go through extensive
mathematical derivations in class, expecting the students to use the elements of the
derivation to see the structure and sources of the relationships in the equation. The

students, on the other hand, may not grasp what the professor is trying to do and reject it
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asirrelevant “theory.” Students who fail to understand the derivation and structure of an
equation may be forced to rely on memorization — an especialy fallible procedure if
they are weak in coherence and have no way to check what they recall. The survey
items probing students apparent expectations™ of the role of mathematics are 2, 6, 8, 16,

and 20.

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

Item 6. | spend alot of time figuring out and understanding at least some of
the derivations or proofs given either in class or in the text.

Item 8. Inthiscourse, | do not expect to understand equations in an intuitive
sense; they just have to be taken as givens.

Item 16. The derivations or proofs of equations in class or in the text have little
to do with solving problems or with the skills | need to succeed in this
course.

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

Items 2, 6, and 16 deal with the different roles of derivations in student learning.
Many students find looking at derivations done by the professor in class or in the
textbook to be useful, but don’t actually work derivations out themselves. And while
students might find derivations useful for learning physics, some do not see them as
necessary for doing well in the course.

Some students don’t try to understand the equations, they just use them to solve
problems where the variables match the conditions of the problem. Students who use
this approach should agree with item 8. One disadvantage of this approach on examsis
that if you forget the correct equation, you are either stuck or forced to use a different

approach. However, if a student understands the equation as a relationship and
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remembers where it comes from and how it connects to the concepts, they could rebuild

the forgotten equation. Students who have this ability should disagree with item 20.

6. Student beliefs about studying physics. The effort cluster

Many physics lecturers do not expect most of their students to follow what they
are doing in lecture during the lecture itself. They expect students will take good notes
and figure them out carefully later. Unfortunately, many students do not take good
notes and even those who do may rarely look at them. When physics beginsto get
difficult for students, most instructors expect them to try to figure things out using a
variety of techniques — working through the examples in the book, trying additional
problems, talking to friends and colleagues, and in genera trying to use whatever
resources they have available to make sense of the material. Some students, on the other
hand, when things get difficult, may be at aloss for what to do. Some students do not
have the idea that if they do not see something right away, there are steps they can take
that will eventually help them make sense of the topic.?? An important component of the
tools that help build understanding is making the effort to go over the book and the class
activities (lecture in the traditional course format). Another important component is the
appreciation that one's current understanding might be wrong, and that mistakes made on
homework and exams can give guidance in helping to correct one's errors. This

dimension is probed by items 3, 6, 7, 24, and 31 on the survey.

Item 3. | go over my class notes carefully to prepare for testsin this course.

Item 6. | 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.

Item 7. | read thetext in detail and work through many of the examples given
there.
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Item 24. The results of an exam don't give me any useful guidance to improve
my under standing of the course material. All the learning associated
with an examisin the studying | do before it takes place.

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

Items 3, 6, and 7 describe activities beyond doing the homework that help
students develop a good understanding of the material. We expect that good students
will agree with these items. Items 24 and 31 ask if students make the effort to use the
graded exams and homework as feedback to debug their understanding of physics or

problem solving methods.

7. Other expectation issues
Not al the itemsin the survey are part of the clusters. Since thisis a survey
instrument to study student expectations, we have included the following items to probe

addition expectation issues:

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

Aswe saw in chapters 2 and 4, many students come into introductory physics
courses with common-sense beliefs about how the world works that are incompatible
with what they learn in the course. Students who develop a good conceptual
understanding of physics will need to reconcile what they learn with what they thought
they knew about how things work in the physical world. Even students who come into
an introductory physics class with a more-physics like view find new applications and
subtleties that help them see the world in new ways. These students should agree with

this item.
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Item 9. The best way for me to learn physicsis by solving many problems
rather than by carefully analyzing a few in detail.

Item 9 is subtler. As mentioned above, as students become more sophisticated
learners, they shift their emphasis from the equations to the concepts and principles. The
studies on expert and novice problem solvers by Chi et al.? (discussed in chapter 2)
suggest that these students also begin to classify problems not by their surface features
but by the concepts needed to understand the problem and reach a solution. Thus, these
students often find solving afew problems in great detail teaches them how to use
concepts effectively for problem solving. On the other hand, students who focus more
on the equations like to solve many problems so they are better prepared to apply them
in many different situations. We would expect that as students become more

sophisticated learners, they will disagree with thisitem.

Item 11. A good understanding of physicsis necessary for me to achieve my
career goals. A good grade in this courseis not enough.

Since most of the students surveyed are not physics magjors and few non-magjors
take physics out of interest, most of the students surveyed are taking the introductory
physics because it is required by their program. While many of these students just ook
at physics as another general education requirement, the more sophisticated students see
how understanding physics will be useful in their careers. These students will agree with
thisitem. In the pre-course survey, thisitem can be used to gauge the distribution of
majorsin aclass. The more engineering and physical science mgorsin given class, the
higher the percentage of student responses agreeing with thisitem.

Item 23. The main skill | get out of this course is learning how to solve physics
problems.
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Item 30. The main skill | get out of this courseisto learn how to reason
logically about the physical world.

Items 23 and 30 are unusual in that both responses are necessary to evaluate
student expectations on the course objective. Novice students who emphasize
mathematical problem solving will agree more with item 23 than 30. As students
become more sophisticated learners, they agree less with item 23 and more with item 30.
A comparison of the pre and post course distributions on these two items is an indication

of the course goals communicated to the students as well as their expectations.

Item 28. Spending a lot of time (half an hour or more) working on a problemis
awaste of time. If | don't make progress quickly, 1'd be better off
asking someone who knows more than | do.

Most physics instructors recognize that having their students struggle with a
problem and working through it on their own helps the students piece their knowledge
together and build their confidence. Students who recognize the value of this struggle in

building their own understanding should disagree with this item.

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

Thisitem tell us more about students’ perception of the class rather than the
physics expectations of the students. Ideally, understanding physics should be required
to pass an introductory physics course. Students who feel this way should disagree with
thisitem. Some false positives (‘ disagrees’) can be expected from students who confuse

familiarity with understanding.

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

160



In science we make observations, test predictions, and evaluate what we find.
Often as we learn more, we need to rethink, restructure, or reorganize what we thought
we knew when it seems to contradict what we learn. Reflection is an important tool for
building a consistent, coherent knowledge framework. Often students in introductory
physics will reach asimilar point when they learn something new that either contradicts
what they already knew or helps them to think about what they know in different ways.
Students who reflect and rethink to add what they learn to what they know should agree

with thisitem. A favorable response on this item suggests a sophisticated learner.

8. Additional survey questions

In addition to the 34 survey items, we a so collected data with the survey on the
students background, study habits, and self-appraisal of skills. These background
guestions ask about the students' major, whether or not they had physics before, and the
students' math courses in high school and college. Questions on study habits inquire into
how much time students spend studying each week, preparing for exams, and working
with others. The students are then asked to rate themselves with regard to
understanding course materials, useful skills, and mathematical ability. This background

data has not been used for the analysisin this dissertation but will be used in later work.

IV. VALIDITY

Any measurement instrument, particularly an attitude measurement like the
MPEX survey, needs to be checked for both validity and reliability. A measurement
instrument is validated when one can demonstrate that it measures what was intended.

Reliability is an indication of to what extent the instrument measurements are free of
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unpredictable kinds of error. Reliability is discussed in section V1. In the current

section, | discuss the results of two kinds of construct validity procedures. Construct
validity determines how well the instrument measures the construct being measured, in
this case the students' cognitive expectations. For our purposes, construct validity is
important for verifying that the MPEX survey is measuring cognitive attitudes and beliefs
about the course and learning physics. However, since we believe that student
expectations play amajor role in what students learn in an introductory course, it would
be useful to see if the MPEX survey results correlate with other measures of student
learning such as grades and the FCI. This correlation analysis will be performed in later

work.

A. Surface Validity - M easurements of Calibration Groups

In order to test whether the survey correctly represents elements of the hidden
curriculum, it was given to a variety of students and physicsinstructors. The “expert”
response was defined as the response that was given by a mgjority of experienced physics
instructors who have a high concern for educational issues and a high sengitivity to
students. Redish, Steinberg, and | conjectured that experts, when asked what answers

they would want their students to give, would respond consistently.**

1. Thecalibration groups
We tested the response of awide range of respondents by comparing five groups.

Group 1: engineering students entering the cal culus-based physics sequence at the
University of Maryland,

Group 2: members of the US International Physics Olympics Team
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Group 3: high school teachers attending the two-week Dickinson College Summer
Seminar on new approaches in physics education

Group 4: university and college teachers attending the two-week Dickinson College
Summer Seminar on new approaches in physics education

Group 5: college faculty who are part of a multi-university FIPSE-sponsored project
to implement Workshop Physics at their home institutions.

The University of Maryland students (UMD) are afairly typica diverse group of
primarily engineering students at a large research university. The entering class average
on the FCI is51.1% * 2.4% (standard error). The number of studentsin the sampleis
N = 445,

The US International Physics Olympics Team (POT) isagroup of high school
students selected from applicants throughout the USA. After atwo week training
session, five are chosen to represent the US in the International Physics Olympics. In
1995 and 1996, this group trained at the University of Maryland in College Park and we
took the opportunity to have them complete survey forms. The total number of
respondentsin thisgroup isN = 56. Although they are not teachers, they have been
selected by experts as some of the best high school physics students in the nation. Our
hypothesis was that they would prove to be more expert than the average university
physics student, but not as expert as our groups of experienced instructors.

The physics instructors who served as our test groups were al visiting Dickinson
College. Attendees came from awide variety of institutions. Many have had
cons derable experience in teaching, and al of them were sufficiently interested in
educational development to attend aworkshop. We separated them into three groups.

Group 3 — high school teachers (HS) attending a two-week summer seminar (N = 26),
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Group 4 — college and university teachers (College) attending the two-week summer
seminar (N=56), and Group 5 — college and university teachers implementing
Workshop Physics (Expert) in their classroom (N = 19). The teachersin Group 5 were
committed to implementing an interactive engagement model of teaching in their
classroom. We asked the three groups of instructors to respond with the answer that
they would prefer their students to give after instruction. We expected these five groups

to show an increasing level of agreement with answers that we preferred.

2. Theresponses of the calibration groups

The group we expected to be the most sophisticated, the group 5 instructors,
agreed strongly as to what were the responses they would like to hear from their
students. On all but three items, ~80% or more of this group agreed with a particular
position. These three items, numbers 7, 9, and 34, had a strong plurality of agreement,
but between », and % of the respondents chose neutral. We define the preferred
response of Group 5 as the expert response. We define a response in agreement with the
expert response as “favorable’ and aresponse in disagreement with the expert response
as“unfavorable’. A list of the favorable responses to the survey itemsis presented in
Table 5-2.

Although the survey itself uses afive point Likert scale (strongly disagree = 1 to
strongly agree = 5),% we have chosen to group the survey responses into three
categories. agree, disagree, and neutral. Someone who responds either “agree”’ or
“strongly agree” for asurvey item is considered to agree with that item. Someone who
responds either “disagree” or “strongly disagree” on asurvey item is considered to

disagree with that item. Someone who responds “neutral” for or does not answer a
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survey item is considered to be neutral with regard to that item. This was done for two
reasons. One, it isnot clear that the intervals of the Likert scale are the same for every
respondent with regard to any particular survey item. For example, one person who
agrees with a particular survey item might have the same expectations as another person
who strongly agrees with the same item. Because of this, Redish and | feel that the three-
point scale does not unduly reduce the resolution of the survey. The second reason isto
sharpen the interpretation of the data. Because we are looking for shifts in student
expectations, changes from agree to disagree or even agree to neutral are more

significant than changes from strongly agree to agree.

Table 5-2. Prevalent responses of our expert group for the MPEX Survey items. Where
the respondents did not agree at the >80% level, the item is shown in parentheses and
the maority response is shown. The response "A" indicates agree or strongly agree. The
response "D" indicates disagree or strongly disagree.

1 D | 8 D | 15 D | 22 D | 29 D
2 D | 9 (D) | 16 D | 23 D | 30 A
3 A | 10 D | 17 D | 24 D | 31 A
4 D | 11 A | 18 A | 25 A | 32 A
5 A | 12 D | 19 D | 26 A | 33 D
6 A | 13 D | 20 D | 27 D | 34 | (A
7 (A) | 14 D | 21 D | 28 D
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Figure 5-1. A-D plot for the calibration groups, average of al survey items. The
percentage of respondents agreeing with the majority of expert views (favorable) is
plotted against the percentage disagreeing the those views (unfavorable).
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Table 5-3. Percentages of the calibration groups giving favorable / unfavorable

responses on Overal and Cluster MPEX survey.

MPEX clusters | Experts College HS POT UMD Pre
Overall 87/ 6 81/10 73/15 68/18 54/23
Independence 93/ 3 80/ 8 75/ 16 81/12 471 34
Coherence 85/12 80/12 62/ 26 79/ 8 53/24
Concepts 89/ 6 80/ 8 71/18 73/13 54127
Reality Link 93/ 3 9/ 4 95/ 2 64 /20 61/14
Math Link 92/ 4 84/ 9 67/21 85/ 8 67/22
Effort 85/ 4 82/ 6 68/13 50/ 34 67/13
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To display our results in a concise and easily interpretable manner, we introduce
the agree-disagree (A-D) or Redish plot. In this plot, the percentage of respondentsin
each group answering favorably is plotted against the percentage of respondentsin each
group answering unfavorably. Since the fraction of students agreeing and disagreeing
must add up to less than or equal to 100%, al points must lie in the triangle bounded by
the corners (0,0), (0,100), (100,0). The distance from the diagonal line is a measure of
the number of respondents who answered neutral or chose not to answer. The closer a
point is to the upper left corner of the allowed region, the better the group's agreement

with the expert response.?

The results on the overall survey are shownin Fig. 5-1. Inthis plot, the
percentages are averaged over al of the items of the survey, using the preferred
responses of calibration group 5 asfavorable. The groups' responses are distributed
from less to more favorable in the predicted fashion.”

Although the overall results support the contention that our survey correlates
well with an overall sophistication of attitudes towards doing physics, the cluster results
show some interesting deviations from the monotonic ordering. These deviations are
quite sensible and support the use of clusters as well as overall results. In order to save
gpace and simplify the interpretation of results, the data is presented in Table 5-3.
Displayed in this table are the percentages of each group's favorable and unfavorable
responses (in the form favorable/unfavorable). The percentage of neutrals and those not
answering can be obtained by subtracting the sum of the favorable and unfavorable

responses from 100.
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From the table we see that most of the fraction of respondents agreeing with the
favorable response tends to decrease monotonically from group 1-5 with afew
interesting exceptions. The high school teachers (group 3) are farther than their average
from the favorable corner in the coherence and math clusters, while the Physics Olympics
team is closer to the favorable corner in those categories than their average. These
results are plausible if we assume that high school teachers are less concerned with their
students forming a coherent and a mathematically sophisticated view of physics than are
university teachers. The results also agree with Redish and Steinberg’ s personal
observations® that the members of the POT are unusually coherent in their views of
physics and exceptionally strong in their mathematical skills

Note also that the Olympics team results are very far from the favorable corner in
the effort cluster. The main discrepancies areinitems 3 and 7. These items represent
highly traditional measures of effort (reading the textbook, going over one's lecture
notes) which we conjecture are not yet part of the normal repertoire of the best and
brightest high school physics students before they enter college. Redish, Steinberg, and |
also conjecture that most of them will have to learn to make these kinds of efforts as they
progress to increasingly sophisticated materials and the level of challenge rises.

Thisanalysis of both the overall responses of the calibration groups and the
variations in the ordering confirms that the MPEX survey provides a quantitative

measure of characteristics which experts hope and expect their students to have.

B. Validation with Student Interviews
| conducted more than 120 hours of videotaped student interviews in order to

validate that our interpretation of the survey items matched the way they were read and
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interpreted by students. | asked students (either individually or in groups of two or
three) to describe their interpretations of the statements and to indicate why they
responded in the way that they did. In addition, students were asked to give specific
examples from class to justify their responses. The protocols for these interviews (the
MPEX Survey Protocol and the Open MPEX Protocol) are discussed in chapter 7.
From these interviews, we found that students are not always consistent with
their responses to what appear to us to be similar questions and situations. We fedl that
this does not represent afailure of the survey, but properly matches these students’ ill-
defined understanding of the nature of physics. One reason for this was described by
Hammer (see the section of expectations in chapter 2). He observed that some students
in his study believed that professiona physicists operated under the favorable conditions,
but that it sufficed for these students to behave in the unfavorable fashion for the
purposes of the introductory course.” We refer to this type of characteristic as an
“apparent” expectation. Thisis only one aspect of the complex nature of human
cognition. We must aso be careful not to assume that a student exists in one extreme
state or another. A student's attitude may be modified by an additional attitude, asin
Hammer's observations, or even exist smultaneoudly in both extremes, depending on the
situation that triggers the response.® Thisis one reason why considerable care must be
taken in applying the results of a limited probe such as our survey to a single student.
We are also aware that students' self-reported perceptions may not match the
way they actually behave. However, the interviews suggest that if a student’s self-
perception of the learning characteristics described in Table 5-1 differs from the way that

student actually functions, the self-perception has a strong tendency to be closer to the
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side chosen by experts. We therefore fed that while survey results for an individua
student may be mideading, survey results of an entire classroom might understate
unfavorable student characteristics.

Because of the length of this dissertation, | have included in Appendix F selected
interview responses for four survey items from nine of the nearly 100 students | have
interviewed. The responses represent all the interviews conducted during a site visit at
Nebraska Wesleyan University (NWU) two weeks before the end of the second
semester. | have selected this set for two reasons. First, these were the only MPEX
interviews conducted with a good sample from a sizable cal culus-based class that used
the most current version (version 4.0) of the survey. Second, two additional controls
were added to address concerns raised in the earlier interviews.

To prevent the interview itself from unknowingly influencing the student

responses, the students completed the survey before starting the interview
(within 24 hours of the interview).

This student sample was representative of the entire class. At least three
students were interviewed from the top third, middle third, and bottom third of
the class. The students were rated by the instructor based on their overall
grade at the time of the interviews.

The class was taught with the Workshop Physics curriculum. A description of the
curriculum and details of the implementation at NWU can be found in chapter 8.

Below, | discuss student responses from the four MPEX survey items with
regard to how students are interpreting the survey items and whether their answers make
sense. (A detalled analysis of the interviews in terms of the expectations of these
students for evaluation of student learning and the curriculum is presented in chapter 10.)

| selected items 2, 6, 14, and 22 because they are a good cross section of both the
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expectation issues and the difficulties in interpreting the survey data. (Note that all
interviewed student names used in this dissertation are code names.)

Items 2 and 6 are two of the items that look at students perception of
derivations. Item 2 asks students if derivations are good for anything beyond
demonstrating the validity of an equation. Item 6 asks the studentsif they do or go over
derivations themselves.

All nine students’ responses indicated they interpreted item 2 correctly. For
example:

John: | put "disagree (favorable response).” I'mnot a lover of
derivations, by any means; but | think that it can tell you a lot about
linking two concepts together. It also creates the idea that science can
be a unified thing, and that previous information is applicable to new
information. And so, therefore, | think that it is—it's useful.

Leb: | said disagree, (favorable response) because, once again, | think it
helps to know wher e the formula came from and then to — helps you to
know why it works and why you can apply it that way.

However, some of the students' responses are illustrative of the complexities
involved in student expectations. For example, two of the student responses were very
clearly indicative of an apparent expectation, although both students gave an unfavorable
response to item 2.

Amy: | do agree with that (unfavorable response). Okay. ... [Canyou
elaborate alittle bit on that? Why you agree with that statement.] When
you get into the beginning, you're introduced some kind of equation.
See, Dr. A won't give you the equation until he derivesit. ... But if — You
know, if he got up there and was — I don't know. | guess| probably
would be negative towards it. You can use that proof, no matter what,
anyway; because once you get experience with any kind of proof at all,
you know you can plug and chug. And | mean that's fact. But what | get
out of watching someone derive a derivation or a proof isit gets me
closer to being that type of person who'll be able to do it, myself. I'm
not, by nature, somebody who does that. | think Dr. A isand always has
been.
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Krystal: | said | agree (unfavorable response), because I'm poor in
mathematics, but not necessarily for everybody. | mean, those students
—or alot of students, I'm sure, would understand what they got and
know where everything came from. But, again, | just —since | haven't
had much math, usually, when he does all that on the chalkboard or on
the overhead screen, it's Greek to me. | don't know where he got it from.
| just write the final thing down and, you know, that's what | need.

Amy recognizes that watching the professor model derivations is useful, but she doesn’'t
see derivations as useful in this class or see herself as being able to do them. Krystal, sees
derivations as useful for people who understand the mathematics but not her.

One thing that comes out clearly from the favorable responsesis that the
derivations are helping some students see the relationship between the concepts and the
formulas. Thisisclearly seen in John’s response above.

All but one of the eight student responses to item 6 are consistent with the
intended interpretation. For example:

Charlie: And | agreed with this (favorable response). Whenever | -- If
there's a formula presented in the text, or Dr. Wehrbein presents one on
the board, | always try and understand where it came from. And if |
don't right offhand -- like, if he writes something and goes through it too
fast, I'll try and take all the notes | can. And later, I'll go over it again
and seeif | can make it all make sensein my head. And it's only at that
point that | feel like | understand it.

Krystal: | said three, "neutral." Somewhat, again, because I’ m a poor
math student, so -- and it's also a phobia. Because when | see a
derivation, | usually just turn the page and don't try to thumb through it.
[Okay. So, that tells me why you didn't agree with it. Why didn't you
disagree with it?] Well, because | also ... | mean | don't always just flip
the page, because | don't give up that easily. | usually will try and get
partially through it. But, then, if | get lost, | usually give up then.

John: "Disagree (unfavorable response).” | don't spend too much time
trying to figure themout. If you do it once, to show you where the
formula came from. | know where it came from. | understand the
concepts linking the two together. | usually don't try to go through it
mathematically, because then it becomes more of a math exercise.
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It isinteresting to note that while 5 of the nine students think derivations are generally
useful for learning physics, three of these five students including John do not regularly
work out derivations on their own. Only Kim'’sinterpretation of item 6 is questionable
since she spends alot of time going over derivations with the instructor outside of class.
In addition, Kim’s response may indicate a difficulty that appears regularly in asmall
fraction of the students interviewed, usually in an interview near the beginning of the
sequence. These students seem to confuse derivations with derivatives. Also note that
although Krystal does do derivations but she does not spend alot of time on them which
is consistent with a neutral response.

Item 14 deals directly with the issue of what does it mean to learn physics. As
we saw earlier, item 14 looks like a statement that students should agree with until you
think about what you really want students to learn. Students who disagree with thisitem
recognize their own role in building an understanding of physics that makes sense to
them. For example,

Hannah: | think | should disagree with this (favorable response), because

it's more than just acquiring knowledge. You also have to put it all
together. It just can’t be a bunch of facts

Most students who agree with this item see learning physics as memorizing and applying
the facts and formulas from lecture and the textbook. All nine students were asked this
guestion. Of the nine, only Krystal and Ramsey misinterpreted the question although
Ramsey changed his mind when asked to reconsider.

Both Krystal and Ramsey initially use the laboratory component of the course in

their response and disagreed with item 14. For example, Hannah responded:
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| said | disagree, because you need to be able to set up the experiment,
too, which is something that isn't really given to you anywhere. Like --
Like you said, that was something that | had to learn first of all, where
some people didn't. | don't know. Some people who really had a great
high school curriculum, or just this natural instinct at how to set up
circuits; but | didn't know how. Sofirst | had to be taught that. Then |
could continue to learn.

The fact that both Ramsey and Krystal mention the laboratory as an important part of
learning in the courses is not unusua since the students in a Workshop Physics class
spend at least three quarters of their time on lab activities. Even so, this interpretation
was unusual and not seen in other interviews, even at the other two schools using the
Workshop Physics curriculum.

John and Leb gave neutral responses to item 14 which makes sense in light of
their explanations which show that they have mixed expectations. Thisis particularly
clear in John’ s response,

John: Three, "neutral." Again, | think it depends on the type of person

you are. Learning physics as a whole —really learning physics — is more

than just ... principles, equations, laws. It's ... in understanding and

incorporating all this. But to pass a course, learning physics, | think
that's all you really need to get by.

John sees that there is more to learning physics than just the laws, principles and
equations but he also sees that this view is not essentia in thisclass. Despite the
obviousness of item 14, almost all students who disagreed with thisitem in interviews
had strong constructivist expectations. However, some constructivist students who
express mixed expectations do not disagree with this statement like Leb and John.
The student responses to item 22 at Nebraska Wesleyan were unusudly
favorable. (The MPEX redlity link survey responses overal for Nebraska Wedeyan

were also unusually favorable. Please see the discussion in the workshop physics site
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visits section of chapter 10 to see why.) All the student responses indicate that the
students are interpreting item 22 correctly. For example,
Charlie: And | disagree with this one (favorable response). | think any
time you can relate it to the real world — the world around you, you can
understand it a little bit better, because it familiarizes it with yourself a

little bit more. And it seemsto apply a little bit more, becomes a little
mor e important.

Several of the students like Ramsey emphasized the role of |aboratory activitiesin
connecting physics to the real world.
Ramsey: And | marked "disagree" for the reasons | stated before
(favorable response) — that we're exposed to experiments or

demonstrations that you can find in the real world. So | think that
learning about those things are essential for what we're doing.

Only John' s response was questionable. His response is almost a false unfavorable since
he sees the connection as beneficial, though not essential. However, this response and its
categorization is consistent with his overall expectation profile discussed in chapter 10.
The interview results demonstrate that while there are occasional
misinterpretations of survey items, the effect is small and tends to overstate the number

of favorable student expectation responses.

VI. UNCERTAINTY & THE STATISTICSOF SHIFTS

Every finite set of data contains fluctuations, which have no real significance but
arise from the variability of a particular sample. In this dissertation, my research
guestions involve comparisons of groups — experts and novices, novice students at
different institutions, and students at the beginning and end of their first semester of

physics. In order to compare these groups, we compare their averaged responses (agree
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vs. neutral vs. disagree). In order for usto understand whether two responses are
significantly different, we have to have some mode of the random variable in our sample.

Our interviews, our intuitions, and many discussions in the cognitive literature
suggest that a human attitude is a highly complex object. Aswe noted above, some
students gave clear evidence in interviews of being in two contradictory states at the
sametime. What thisimpliesis that the random variable we should be averaging is itself
aprobability, rather than a set of well-defined values. Unfortunately, the average of
probabilities may depend significantly on the structure of the constraints and
parameterization of the probabilities, asis well know from quantum statistics. Since
detailed models of student attitudes do not yet exist, we will estimate our shift
significance by using a cruder mode.

Let us assume that a class is drawn from a very large homogeneous® group of
students and that in the large population, a percentage po of responses to an item or
cluster will be favorable and a percentage qo will be unfavorable with po + go » 1. (For
now, we will ignore the possibility of neutral responses.®) In afinite sample of n
students, we want to know what is the probability of finding n, favorable and n,
unfavorable responses with n; + n; » 1. Using the Gaussian approximation to the

binomial distribution, we get that the probability of finding fractions

2
2

. -(p- po)/
p=m/nandq=ny/n is P(p) = Ae 2

where A is a normalization constant and the standard deviation

o = | Pol
n
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For this distribution, the probability that a sample will have a mean that falls within
1s of the true mean, po, is0.684 and the probability that a sample will fall within 2s of
the true mean is 0.954.

Since the fraction of neutral responses tends to be small, and since the binomial
model is crude for this set of data, we treat our trinomial data asif it were approximately

binomial by renormalizing the observed p and g into p'=%+q and Q'=%+q' We

consider a difference or shift in meansto be significant if it is at less than the 5%

probability level, that is, if the difference or shift is greater than twice s (where

s = /ﬂ ). Because of the crudeness of this model, we consider differences of 2s to be
n

significant. For example, at values of p = 60%, q = 20% for N = 450, we get s ~ 2%.
We would therefore consider a 4% shift to be significant for the University of Maryland
engineering students. For N = 50, those values of p and q gives ~ 6%. We therefore
consider a 12% shift to be significant for the Physics Olympics team and the college
instructors attending the Dickinson Summer Seminar. Note that for a given sample size,

s doesn’t change much over the typical values of p and q seen in Tables 10-3 and 10-4.

V. RELIABILITY

Reliability tests are measures of the random errors inherent in instrument
measurement. In this section, | will describe the results of three types of reliability
measurements. factor analysis, Cronbach alpha, and reproducibility of results. Since we
have created clusters that are subsets of overall student expectations, | have used factor

analysisto seeif these clusters correspond to structures reflected in the student data.
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The Cronbach apha coefficient is a standard test of internal consistency, commonly used
for Likert-scale attitude surveys.®

As any physicsinstructor preaches, the ultimate mark of a good measurement is
that it isreproducible. In this case, this means reproducibility of the measurements of a
class rather than the measurements of individua students. The reader is reminded that
the MPEX survey was not designed to be used a diagnostic instrument for individua
students, but rather to measure the distribution of student expectationsin a class.
However, reproducing the MPEX survey results from the same class sample twice
presents at least two major difficulties. Thefirst difficulty isthe logisticsin giving the
survey twice to aclass over aperiod of time long enough that the students do not
remember how they responded before, but not so long that the student attitudes have
changed. The second difficulty is that many students have mixed expectations, i.e. hold
contradictory expectations simultaneously. These students can be thought of as existing
in an expectation superposition state similar to the model of fragmented students
knowledge structures discussed in chapter 2. Thisimplies that the measured expectation
response can change is some circumstances. Unfortunately there are not enough survey
items to accurately discriminate among various mixed expectation states.

Instead of trying to compare two measurements from the same set of students, |
compared results from pre-course surveys of multiple classes of the same course from
the same school assuming that the incoming students’ expectations do not change
significantly from one year to the next. The survey results from a particular course a a

particular school would then be considered reproducible if the distribution of the means
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of the survey results were consistent with the standard deviation s given by the binomia

probability theory in the previous section.

A. Factors& Clusters

Our seven MPEX clusters were written to make sense of students' epistemol ogy
and learning beliefsin way that could be used by an instructor to monitor different
aspects of the hidden curriculum in the introductory physics course. The clusters are
based on the previous work of Hammer and others as well as our own observations.
While Hammer found that students expectations could be categorized by a researcher,
he did not believe that his categories necessarily represented how expectations were
structured in the students' mind. Because so little is known about the cognitive
expectations of undergraduate students in introductory cal culus based-physics classes,
thereislittle reason to expect that our seven dimensions represent dimensions of
expectations in the students' minds.

The situation is analogous to the strain on a cubic crystal.** Consider the two
dimensiona case of ahexagonal piece of crystal as shown in Figure 5-2 below. Suppose
3 clamps are placed on the crystal so that external forces are exerted on all six sides.
Although the internal structure of the crystal is easily described using two basis vectors,
the external forces are most easily described in terms of those being exerted on the three
pairs of parallel sides. The problem is most easily considered as two coordinate axes or

three coordinate axes depending on your perspective and what

Figure 5-2. Two-dimensional view of hexagonal piece of cubic crystal.
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you are trying to do. If I want to study how the overall crystal reactsto external forces,
then | would want to use the (overcomplete) coordinate system that corresponds to the
symmetry axes of the hexagonal shape of the crystal. If | want to study how individua
crystal cellsreact to forces, then | would want to use a coordinate system based on the
crystal structure.

Because o little is known about student expectations, the situation islike
looking at the hexagonal block of cubic crystal but the internal structure is unknown. In
making our measurements, we define our coordinate system or clusters along dimensions
we can observe easily and which are easily related to external influences. In the crystal
analogy, this coordinate system also makes it easier to relate the changesin the
measurement of the crystal to the external forces being applied.

In asimilar way, the MPEX clusters are easily related to various aspects and
godls of instruction such as emphasis on linking physics to everyday life or on the
coherence of physics. Like the external forces on the crystal, the seven MPEX
expectation dimensions are interrelated. In addition, we can try to diagonalize the matrix
obtained from our external measurements to learn more about the internal structure, i.e.
how student expectations are structured in the student’ s mind.

One way to determine how student expectations are structured is to use factor
analysisto look for underlying structure in the data. Factor analysisis a statistical
method of using correlations to reduce alarge number of variables to a smaller number
of factors that might help to explain the data more easily. The procedure is similar to

diagonalizing a matrix and finding the eigenvalues and eigenvectors.
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However, to properly interpret the results of afactor analysis one must be aware
of the assumptions and limitations of this type of analysis. Factor analysis assumes that
the test items in question are linearly related to a set of uncorrelated, i.e. orthogonal and
independent, factors.* While factor analysisis a powerful technique for looking for
interrelationships in a data set, the resulting factors are purely mathematical constructs
that may not have any real meaning if the linear relationship described above does not
exist. Also, asthe linear relationship may not be unique, one must have additional
judtification of the factors before trusting the results of afactor analysis.

It is common practice in the constructions of tests and surveys that use sub-scales
like our clustersto use factor analysis to seeif these sub-scales are reflected in the data.
For afactor analysis of the MPEX survey data, | used my largest single sample of data,
pre-course surveys from the University of Minnesota cal culus-based introductory physics
sequence. A course description can be found in chapter 9. | performed a principal-
component analysis with varimax rotation using the SPSS statistics application.® A plot
of the eigenvalues vs. number of factors shown in Figure 5-3 indicates that perhaps
three, four, or five factors account for significant fractions of the variance. As can be
seen in table 5-4, the percentage of variance accounted for by the fourth factor is
marginal. Note that 3 factors would account for 29% of the total variance; four would
account for 33%. For atypical survey instrument, the factors usually account for
roughly 30% of the variance.®’

An analysis was run on the data for three, four, and five factors. The full results

are shown in Appendix H. A summary of the results is shown in Table 5-5. Note that
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Figure 5-3. Scree plot: the # of Eigenvectorsvs. the # of factors. The Scree plot is
used to estimate how many factors should be extracted. The factor number at the knee
should be within £1 of the correct number of factors. This graph suggests there are

4 + 1 factors.
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Table 5-4. Percentage of variance associated with the extracted factors. Ideally
one wants to maximize the variance with the fewest factors.

Factor Eigenvaue Pct. of Cumulative
Variance Percentage

1 5.46 16.1 16.1

2 2.75 8.1 24.1

3 1.70 5.0 29.2

4 1.45 4.3 334

5 1.33 3.9 37.3

6 1.26 3.6 41.0
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Table 5-5. Results of factor analysis for three-, four-, and five-factor extraction.®®

3 factor extraction 4 factor extraction 5 factor extraction
MPEX Factor MPEX Factor MPEX Factor
items loading items loading items loading
25 -0.66 25 0.71 8 0.62
18 -0.59 18 0.65 16 0.60
17 0.58 10 -0.60 20 0.59
10 0.57 30 0.58 2 0.58
20 0.52 31 0.47 15 0.52
8 0.52 22 -0.42 17 0.51
30 -0.51 11 0.38 21 0.42
31 -0.51 5 0.36 28 0.39
15 0.47 24 -0.29 29 0.37
22 0.47 26 0.27 — —
29 0.40 — — 25 0.74
11 -0.40 8 0.61 18 0.65
5 -0.36 16 0.60 10 -0.59
16 0.35 20 0.58 30 0.56
1 -0.35 2 0.57 22 -0.41
26 -0.34 15 0.52 11 0.39
24 0.29 17 0.49 5 0.37
— — 21 0.42 26 0.28
19 0.64 9 0.38 — —
4 0.56 28 0.38 4 0.62
14 0.52 29 0.36 14 0.61
27 0.52 — — 19 0.58
23 0.52 4 0.63 23 0.56
2 0.51 14 0.61 27 0.47
13 0.45 19 0.58 1 0.42
12 0.40 23 0.56 13 0.39
28 0.35 27 0.49 — —
21 0.31 1 0.40 6 0.74
9 0.24 13 0.39 7 0.56
— — — — 34 0.47
6 0.75 6 0.75 3 0.47
7 0.59 7 0.58 12 0.41
34 0.49 34 0.49 33 -0.31
3 0.47 3 0.46 — —
32 0.44 32 0.44 32 0.52
33 -0.28 12 0.38 9 0.50
33 -0.27 31 0.42
24 -0.34
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four of the factors in the results from four factor extraction and five factor extraction
have substantial overlap. Phenomenographic® examination of the survey items
corresponding to the four-factor case by Wittmann,* Redish, and the author found
themesin the first four factors:

1. Theitemsin thisfactor are all related to student beliefs about building an
intuitive conceptual understanding to learn physics.

2. Theitemsin thisfactor all deal with how students think about the materid
they learn in introductory physics.

3. Theitemsin thisfactor concern whether physicsis mainly problem solving or
building understanding.

4. Theitemsin this factor ask about what students do to learn physics.

Not surprisingly, when | compared the factors and the clusters, | found that the four
factors and the seven clusters do not correspond exactly. A comparison of the factors
and the clustersis shown in Table 5-6. Note that in the four-factor table, several items
from each cluster correspond to asingle factor. The split in the effort cluster represents
differencesin students perceptions. This split suggests that students see going over
notes, derivations, and the text as different from going over graded homework and
exams.

The fact that the structures of the factors and clusters do not correspond exactly
does not invalidate either. Going back to the example of pairs of vertical forces applied
to the cut crystal. The clusters correspond to the force pairs; the factors correspond to
the crystal’ sinterna structure. The two may be related, but they are two different ways
of looking at the same situation. And while it is reasonably straightforward to design
curriculum to deal with the students difficulties indicated by the clusters, designing

curriculum in terms of the factors would be more difficult. Also, aswith the case of the
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Table 5-6. Comparison of factors and clusters

4 Factor extraction:

Clusters Factor 1 Factor 2 Factor 3 Factor 4 No Factor
Independence  1,13,14,27 8,17 — — —
Coherence — 15,16,21,29 — — 12
Concepts 4,19,27 — 26 32 —
Reality Link — — 10,18,22,25 — —
Math Link — 2,8,16,20 — 6 —
Effort — — 24,31 3,6,7 —

No Cluster 23 9,28 5,11,30 33,34 —

3 Factor extraction:

Clusters Factor 1 Factor 2 Factor 3 No Factor
Independence  13,14,27 18,17 — —
Coherence 12,21 15,16,29 — —
Concepts 4,19,27 26 32 —
Redlity Link — 10,18,22,25 — —
Math Link 2 8,16,20 6 —
Effort — 24,31 3,6,7 —
No Cluster 9,23,28 5,11,30 33,34 —
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FCI factor analysis discussed in the last chapter, dimensions of expectations are not
completely independent. They are very much interrelated. Furthermore, as discussed
earlier, just as many students can hold two contradictory conceptual ideas in their minds
simultaneoudly, they can also hold mixed expectations with regards to the physics class.
This analysis of the structure of students' cognitive expectations and their
relation to the survey and the clustersis suggestive, but at this point our analysisis still

preliminary.

B. Cronbach Alpha

One estimate of the reliability of a diagnostic or survey test instrument is to look
at theinternal consistency of theitems. As mentioned earlier, the Cronbach alpha
coefficient is a standard method for estimating the internal consistency of atest where
the items are scored across arange of values like a Likert scale.* 1t measures how well
the responses to the items in atest or a subset of questionsin atest (itemsin acluster or
factor for example) contribute to measurements of a single construct or issue like
students' understanding of Newtonian force, students general attitudes towards science,
or students' epistemological beliefs with regardsto science. The Cronbach alpha
coefficient is commonly used to estimate the reliability of both the total test score and/or
the scores from subsets of test items like the clusters or factors discussed above. Tests
or subtests having an alpha coefficient 3 0.70 are considered to be reliable for group
measurements.*

The coefficient is also used to determine if it is more appropriate to evaluate test
measurements in terms of the overall test score or the subset scores. If the alpha

coefficient for the overall scoreis smaller than the coefficients for the subtests, the test
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items within the subtests correlate more strongly with the subtests than with the overall
score. Thisisan indication that the test is measuring more than one variable or issue. In
this case it is not appropriate to construct an overall score and the test results should
only be discussed in terms of the subtest scores.

The Cronbach alpha coefficient is based on the idea that the responses to a group
of questions addressing a single issue should correlate strongly with one another. The

formulafor calculating the Cronbach alpha coefficient™ is

k = the number of testitems, S = the sum over al test items,

the variance™ of the total test scores, and

wm
I

the variance of the ith item on the test.

S
If the responses to the test items are substantially intercorrelated, then s,* will be
considerably larger than when they are not intercorrelated. However, if the responses to
the items are uncorrelated, the variance for each item isindependent. This means the
summed variance term is unaffected by the correlation of the test item responses. Thus
alpha approaches zero when the item responses are not intercorrelated and becomes
larger as the item responses become more and more correlated. If the standard deviation
of the test itemsis one, the Cronbach a pha reflects the average inter-item correlation,

i.e. how well the test data items inter-correlate with one another and the overall score. If
the standard deviation of the itemsis not one, then the Cronbach alpha reflects the

average inter-item covariance.”® Note that since the average of the standard deviations
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of the MPEX survey items for the data set used to calculate the Cronbach alpha
coefficient is 0.93 + 0.10, the result can be interpreted as the inter-item correlation.

Note that negative inter-item correlations can yield a reduced or negative alpha
coefficient. So, datafrom surveys like the MPEX that have a mixture of negative and
positive items (items where people with a particular expectation should disagree in some
cases and agree in others) need to be adjusted so that al the inter-item correlations are
positive. In this case, the MPEX data used in the factor analysis described above was
transformed so that 5 was the extreme favorable response and 1 was the extreme
unfavorable response for al items. Items where the extreme favorable response had been
1 were transformed by the equation X’ = 6 - x. The full five point Likert scale was used
for thisanalysis. The SPSS program was used to calculate the apha coefficients for the
overal survey score, the clusters, and the factors. The results are shown in Table 5-7. In
some cases, the apha coefficient for a group of items could be increased by removing
some items from the grouping in question. The maximum obtainable alpha’ s from the
selected items are also shown in Table 5-7.

The table shows that while the clusters and factors have coefficients ranging from
0.47 t0 0.78, the overall survey has an apha coefficient of 0.81. Thisindicates that the
overall survey scoreis estimated to be a more reliable measurement of expectations than
the clusters or factors. Since its alpha coefficient is> 0.70, the overall MPEX scoreis
therefore a useful and reliable measure. (Item groupings with apha coefficients of 3

0.70 are considered to be well intercorrelated and reliable.)
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Table5-7. Cronbach Alphafor the overal, cluster, and factor MPEX results

i.) Cronbach Alphafor overall MPEX survey result = 0.806

Number of students = 417 Number of survey items= 34
Fal 1995 University of Minnesota pre course data

ii.) Cronbach Alphafor the n = 3 and n = 4 factors using the same data

3 Factor Extraction

Factor Items Alpha
1 1,5, 8,10, 11, 15, 16, 17, 18, 20, 22, 24, 25, 26, 29,30, & 31  0.78
2 2,4,9, 12,13, 14,19, 21, 23,27, & 28 0.69
3 3,6,7,32,33,& 34 0.54

4 Factor Extraction

Factor Items Alpha
1 5, 10, 11, 18, 22, 24, 25, 26, 30, & 31 0.71
2 2,8,9,15, 16,17, 20, 21, 28, & 29 0.72
3 1, 4,13, 14, 19, 23, & 27 0.65
4 3,6,7,32,33,& 34 0.54

iii.) Cronbach Alphafor the MPEX clusters using the same data

Cluster Items Alpha Alpha
Independence 1, 8, 13, 14, 17, 27 0.48 8,13, 14, 17, 27 0.57
Coherence 12, 15, 16, 21, 29 0.49

Concepts 4,19, 26, 27, 32 0.49 4,19, 27 0.58
Redlity Link 10, 18, 22, 25 0.67

Math Link 2,6,8,16,20 0.66

Effort 3,6,7,24,31 0.47 3,6,7,31 0.56
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Still, this does not mean that MPEX clusters with alpha coefficient < 0.70 are
unreliable. The Cronbach apha analysis assumes that all the itemsin agrouping are
measuring the same construct in asimilar way and therefore all items should correlate.
Unfortunately, thisis not consistent with the overall survey design, particularly in the
clusters. The survey was designed so that as a student’ s expectations increase in
sophistication, the student will give more favorable responses for the items
inagiven cluster. The responses of studentsin a mixed state for some itemsin agiven
cluster are expected to negatively correlate. For example, some items are designed so
that only students with extremely favorable expectations will respond favorably to these
items. Because there are only afew items like this in the survey, the effect of these items
on the overall MPEX result issmall. The effect on the clustersis greater because of the
smaller number of items in the clusters.

Also, as we discussed earlier, the clusters were intended to give instructors a way
of interpreting the results in terms of student response to instruction. That does not
mean that the clusters represent the way the students associate the issues associated with
the items. For example, while student response to the items in the effort cluster that
concern studying for the class are correlated, the items regarding learning from mistakes
on exams and homeworks do not correlate with these items. These items correl ate better
with items dealing with how students construct their understanding.

However, the construction of the factorsis based on the intercorrelations of the
test items. Therefore, factors like factors 4 and 5 with alpha coefficients < 0.65 should

not be considered reliable and should not be used for interpreting test results.
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C. Repeatability

For any experimental measurement in physics, a measurement is not considered
reliable unlessit is reproducible. Since the MPEX survey was designed to measure the
distribution of student expectation in a class, one method for evaluating repeatability is
to give the survey to a class twice over a period of afew weeks. While the data | took at
the end of one quarter and the beginning of the next quarter could be used for this
purpose, there is a problem. Between the two measurements, the students study and
prepare for the final exam. This can have a strong effect on student expectations. In
addition, we have noticed an another effect that makes a pre/post comparison of this
kind questionable. First, students tend to respond more favorably to the MPEX survey
items at the beginning of the second course in the sequence than at the end of first. This
effect is particularly noticeable in the effort cluster. Thisis an example of students
responding according to what they think and hope they will do compared to their
evaluation of what they have really done.

A better test of repeatability isto compare MPEX results of theinitial state of the
students coming into the introductory physics sequence from severa classes for the same
seguence at the same school over atwo to three year period of time. In this case, the
student responses will be classified as favorable, unfavorable, or neutral. Recall that a
favorable response is one that agrees with a majority of our experts.

For this comparison | wanted a data set that met the following conditions so that
the class populations would be as similar as possible:

1. At least six classes of one course from one school were surveyed. (The sample

needs to include enough classes to get a reasonable estimate of the distribution
of mean responses.)
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2. The classes are all from the main sequence over a period of two years and
none are evening extension classes. (Off sequence classes often have varying
mixtures of students who are taking the course early, students who delayed,
and students who are repeating the course. Thusit is more difficult to say that
any given class taught off-sequenceistypica or has a population similar to a
main sequence course. Evening extension classes often have populations that
are significantly different from normal day classes. These are often older,
returning students with different views of learning and motivation.)

3. The same version of the MPEX survey was used in al the classes (This
ensures that the wording of al the items was the same for all classes and that
none of differences are due to the change over from a pencil and paper survey
to the scantron version.)

4. The average class size is alarge enough sample to account for local
fluctuations (The relatively small number of classes surveyed, N < 13, does
not adequately account for the differences due to small sample size, i.e. classes
with fewer than 50 students. In this study | have observed large significant
fluctuations in both the initial MPEX results on some items and the initial FCI
scores between physics classes taught in the same semester in the same school
when average class size was < 50 students.)

Only data from four of the schools participating in the study met the first
condition of pre-course data from at least 6 classes being given the MPEX survey at the
beginning of the introductory physics sequence: University of Maryland (9 classes),
University of Minnesota (10 classes), Dickinson College (6 classes), and Nebraska
Wesleyan University (6 classes). Descriptions of the courses and schools can be found in
chapter 8. However, of these four schools, only the data from University of Minnesota
met al four conditions. University of Maryland and Dickinson College failed to meet
conditions two and three. Both Dickinson College and Nebraska Wesleyan University
have small classes and failed condition four. In addition, the six classes at Dickinson
were surveyed over three years using versions 3.0 and 3.5 of the survey. Although
versions 3.0 through 4.0 of the MPEX survey are very similar, there are some small
wording changes on some items. At University of Maryland, classes from on and off
sequence were surveyed with MPEX versions 3.0, 3.2, and 3.5. The datafrom all of
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these schools were analyzed to see how weakening the conditions would affect the
repeatability of the measurements.
The MPEX item results for these four schools were trandlated to a binomial

distribution by renormalizing the observed p and q into = %+ q and = % +q wherep

is the observed percentage of favorable responses and q is the observed percentage of
unfavorable responses. The overall MPEX results and the cluster results were
recalculated from p’ and q'. Then the measured averages and standard deviations for the
individual survey items, the overall survey, and the seven clusters for each school were
calculated from the normalized results for each class from that school. An estimated
standard deviation s’ calculated for a Gaussian distribution from binomial probability
theory was calculated for each item, each cluster, and the overall survey. The overall
survey and cluster results for the four schools are shown in Table 5-8 with both the
measured s and the estimated s’ .

The results from the University of Minnesota data for the survey items, the
overal survey, and the clusters show that the distribution of actual resultsin all three
cases is consistent with the distribution spread estimated using the binomial Gaussian
distribution. The results for Nebraska Wedeyan University and Dickinson College for
the overall survey and the clusters are also consistent with the distribution spread
predicted using the binomial Gaussian distribution but for some of the individua items
s'<s £2s’. Themeasured overall and cluster results for University of Maryland from

courses both on and off sequence using up to three different versions of some survey.
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guestions were roughly consistent with the predicted distribution spread. While the
spread in some of the items is consistent with the predicted spread, on six of the survey
itemss > 2s’.

These resultsindicate that if the four conditions for comparing classes with
similar populations are met, the distribution of all normalized survey results are
consistent with the distribution spread estimated using binomial probability theory. If the
class sizes are small, there may be small differencesin the spread of the distribution for
some of the survey items, but not in the distribution of the overall survey and cluster
results. The classes from University of Maryland, where the distribution included data
from both on and off sequence classes and results from versions 3.0-3.5 of the survey,
had larger differences on some of the survey items, but the distribution of overall survey
and cluster results were roughly consistent with the predicted standard deviation. Thus,
the MPEX survey results of classes at the beginning of the introductory physics
sequence are reproducible and reliable. The overal and cluster results are more robust

than the results of individual survey items.

VIl. SUMMARY

We saw in chapter 2 that students' expectations can have significant influence on
what they learn in an introductory physics class. To better understand the role of student
expectations in introductory physics, we developed the MPEX survey to study the
distribution and evolution of student expectations through the introductory sequence.
The MPEX survey items ook at many expectation issues that affect student learning, but

mainly focus on the following six dimensions described in more detail in Table 5-1:
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independence, coherence, concepts, redlity link, math link, and effort. The MPEX
survey can determine the pre-course distribution of student expectationsin a class both
overal and for each of the six dimensions listed above. Measurements taken later in the
sequence can show how the distribution changes during the sequence.

The MPEX survey was tested for both validity and reliability. Validity was
demonstrated by studying the results of calibration groups and over 120 hours of student
interviews. The results of these two tests indicate that both faculty and students agree
with our interpretation of the MPEX survey items and what we consider to be an expert
response. Although the interview results indicated that a few students occasionally
misinterpreted some items, the interview study showed that the misinterpretation error is
small and generally tends to overstate the favorable nature of the measured expectations.
The survey was tested for reliability by comparing pre-course results for similar main
sequence classes at a particular school. The measured distribution was comparable or
less than the estimated distribution width for the overall survey results and each of the

seven dimensions listed above.
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16 See Refs, 10 & 11.
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See Ref. 6.
See Ref. 4.
See Ref. 5.

Indeed, some student comments lead us to suspect that formula sheets may have the
tendency of confirming student expectations that formulas dominate physics. Their
interpretation is that although memorizing lots of formulas isimportant for
professionals, they do not need to do so for the current course. Thus, many faculty
may be encouraging precisely that attitude they hope to discourage when they permit
the use of formula sheets on exams. Redish, Steinberg, and | are not aware of any
research that shows the effect of formula sheets on student perceptions of the
coherence of the material.

Note that thisis an area where students beliefs about their abilities may surpass their
actual abilities. More detailed investigations will require direct observation of student
behavior on solving physics problems.

Redish has referred to this failure as alack of parsing skills. These students, when
faced with a complex sentence that they do not understand, will try reading it over
and over again until it becomes familiar -- but they still may not understand it. They
seem to lack the ability to decompose a complex sentence into its constituent parts in
order to make sense of it. See E. F. Redish, "Is the computer appropriate for teaching
physics?', Computersin Physics 7, 613 (December 1993).

M.T.H. Chi, P.S. Feltovich, and R. Glaser, “Categorization and representation of
physics problems by experts and novices,” Cog. i 5, 121-152 (1982).

See Ref. 7.
See Ref. 12.

The device of plotting three numbers whose sum isfixed in atriangle iswell known in
elementary particle physics as a Ddlitz plot. In our case, the percentage responding
agree, disagree, and neutral must add up to 100%.

Note that we have included all items, including those marked with parenthesesin
Table 3. Asremarked above, even though the agreement on these itemsis not as
strong, thereis still a strong plurality of our expertsin favor of the indicated
responses. The shift in the position of the overall items resulting from removing these
itemsis on the order of afew percent and the relative order of the groupsis not
modified.
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See Ref. 6

The ability of an individual to hold conflicting views depending on circumstancesis a
fundamental tenet of our learning model. Seeref. 3 and R. Steinberg and M. Sabella,
“Student performance on multiple choice questions vs. open-ended exam problems”,
Phys. Teach. 35 (3) 150-155 (1997) for more discussion of this point.

“Homogeneous’ in this case does not of course mean that we assume the students are
identical. Rather, it means that the students are “equivalent” — that they are
characteristic of the students who are to be found in “that type of classin that type of
school.”

We choose this reduction from two independent variables to one because the primary
variations we observe tend to maintain afairly constant proportion of neutral
responses.

D. J. Mueller, Measuring Social Attitudes (Teacher’s College, Columbia University,
New York, 1986).

This crystal analogy was developed by E.F. Redish to describe the relation between
students' mental models and beliefs to what is measured by assessment, private
communication.

There is amethod of factor analysis to study non-orthogonal factors that uses oblique
rotations.

SPSS for Windows, Release 7.0 standard version (Dec. 19, 1995).
Private communication with Gilley Shama (Spring 1997).
Factor loading is the correlation of the item with the factor.

In phenomenographic analysis, the researcher looks at the data obtained and develops
categories from the data to classify the results. For more information on
phenomenographic analysis, see F. Marton, “Phenomenography — a research
approach into investigating different understandings of reality,” J. Thought 21 (3), 28-
49 (1986).

Michael Wittmann is another senior graduate student in the University of Maryland
Physics Education Research Group.

See Ref. 33.
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*2 R.J. Beichner, “Testing student understanding of kinematics graphs,” Am. J. Phys. 62
(8), 750-762 (1994).

* P.L. Gardner, “The dimensiondlity of attitude scales: A widely misunderstood idea,”
Int. J. Sci. Educ. 18 (8), 913-919 (1996).

“ See Ref. 33.
45

Variance is the square of the standard deviation.

6 See Ref. 36.
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