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Students’ understanding of what science is about, how it is done, and their expectations as to what
goes on in a science course, can play a powerful role in what they get out of introductory college
physics. In this paper, we describe the Maryland Physics Expectations survey; a 34-item
Likert-scale(agree—disagreesurvey that probes student attitudes, beliefs, and assumptions about
physics. We report on the results of pre- and post-instruction delivery of this survey to 1500 students
in introductory calculus-based physics at six colleges and universities. We note a large gap between
the expectations of experts and novices and observe a tendency for student expectations to
deteriorate rather than improve as a result of the first term of introductory calculus-based physics.
© 1998 American Association of Physics Teachers.

[. INTRODUCTION expert. The results of our survey with students are presented
in Sec. V, and Sec. VI discusses the implications of our

What students expect will happen in their introductory Work.
calculus-baseduniversity physics course plays a critical
role in how they respond to the course. It affects what they; BACKGROUND AND REVIEW OF PREVIOUS
listen to and what they ignore in the firehose of information\y,ork
provided during a typical course by professor, teaching as-
SiStant, |ab0rat0ry, and text. It affects which activities StU'A_ Recent progress in physics education: Concepts
dents select in constructing their own knowledge base and in
building their own understanding of the course matérial. [N the past 15 years, there has been a momentous change
The impact could be particularly strong when there is a largd? What we know about teaching and learning in the intro-

gap between what the students expect to do and what t uctory calculus-based physics course. .Beginning about
instructor expects them to do 80, research began to show that the traditional class leaves

: . . most students confused about the basic concepts of
This paper explores student attitudes and beliefs aboyfe chanicg Subsequent work extended those observations to

university physics and how those attitudes and beliefgyther areas including optics, heat and thermodynamics, and
change as a result of physics instruction. In this paper, We|ectricity and magnetisthin studying student understand-
present theMaryland Physics Expectatio®PEX) survey  ing of the basic concepts of physics, much has been revealed
a Likert-style(agree—disagreeuestionnaire we have devel- about what students know and how they learn. The crucial
oped to probe some aspects of what we will call studentlement is that students are not “blank slates.” Their expe-
expectations. We have used this survey to measure the digence of the world(and of schodl leads them to develop
tribution of student views at the beginning and end of themany concepts of their own about how the world functions.
first semester of calculus-based physics at six colleges anthese concepts are often not easily matched with those that
universities. The survey items are included as an Appehdix.aré being taught in physics courses, and students’ previous

Because so little is known about the distribution, role, and-onceptions may make it difficult for them to build the con-

evolution of student expectations in the university physicsCIUSIorls the teacher desires. However, it has been demon-

course, many questions can be asked. To limit the scope gllratgd that if th.'s situation s takgn into account, it is often
. X ; possible to provide activities that induce most of the students
this paper, we restrict ourselves to three questions.

to develop a good functional understanding of many of the
Q1. How does the initial state of students in universitybasic concepts.

physics differ from the views of experts? Success in finding ways to teach concepts is an excellent
Q2. To what extent does the initial state of a class varystart(even though the successful methods are not yet wide-
from institution to institution? spread, but it does not solve all of our teaching problems

Q3. How are the expectations of a class changed as tH#ith physics. We want our students to develop a robust
result of one semester of instruction in various knowle_dge structure, a complex ofmutually supporting skills
learning environments? and attitudes, not just a patchwork of idg¢asen if correct

We want them to develop a strong understanding of what

Other questions, such as what happens over the longetience is and how to do it. We want them to develop the
term and how items of the various clusters correlate withskills and confidence needed to do science themselves.
each other and with success in the course, are left for future
publications.

We begin by reviewing previous work on the subject in
Sec. Il. The structure and validation of the survey are de- |t is not only physics concepts that a student brings into
scribed in Sec. lll. Section IV contains the results of thethe physics classroom. Each student, based on his or her own
survey for five calibration groups, ranging from novice to experiences, brings to the physics class a set of attitudes,

B. Student expectations
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beliefs, and assumptions about what sorts of things they wilscribed some very nice studies of the assumptions high
learn, what skills will be required, and what they will be schools students make about learning mathem&ti¢se
expected to do. In addition, their view of the nature of sci-concludes that “Student’'s beliefs shape their behavior in
entific information affects how they interpret what they hear.ways that have extraordinarily powerfiand often negative
In this paper, we will use the phragxpectationdo cover consequences.”
this rich set of understandings. We focus on what we might Two important large scale studies that concern the general
call students’ cognitive expectatiorsexpectations about cognitive expectations of adult learners are those of Perry
their understanding of the process of learning physics and thend Belenkyet al. (BGCT).'® Perry tracked the attitudes of
structure of physics knowledge rather than about the conterifarvard and Radcliffe students throughout their college ca-
of physics itself. reer. Belenkyet al. tracked the views of women in a variety
Our model of learning is a growth model rather than aof social and economic circumstances. Both studies found
knowledge-transfer modéllt concentrates on what happens evolution in the expectations of their subjects, especially in
in the student, rather than what the teacher is doing. Weheir attitudes about knowledd.Both studies frequently
therefore have chosen to focus our study on cognitive attifound their young adult subjects starting in a “binary” or
tudes that have an effect on what it is students choose to déreceived knowledge” stage in which they expected every-
such as whether they expect physics to be coherent or a loosiging to be true or false, good or evil, etc., and in which they
collection of facts. The specific issues our survey covers arexpected to learn “the truth” from authorities. Both studies
discussed in detail in the next section. Other issues, such abserved their subjects moving through a “relativist” or
students’ motivation, preferences, feelings about sciencésubjective” stage(nothing is true or good, every view has
and/or scientists, etc., are important but have been probeshjual valug¢to a “consciously constructivist” stage. In this
extensively elsewhere. last, most sophisticated stage, the subjects accepted that
Although we don't often articulate them, most physics in- nothing can be perfectly known, and accepted their own per-
structors have expectation-related goals for their students. Isonal role in deciding what views were most likely to be
our university physics course for engineers and other scierproductive and useful for them.
tists, we try to get students to make connections, understand Although these studies both focused on areas other than
the limitations and conditions on the applicability of equa-sciencet® most professional scientists who teach at both the
tions, build their physical intuition, bring their personal ex- undergraduate and graduate levels will recognize a binary
perience to bear on their problem solving, and see connectage, in which students just want to be told the “right”
tions between classroom physics and the real world. We refanswers, and a constructivist stage in which the student takes
to this kind of learning goal—a goal not listed in the course’scharge of building his or her own understanding. Con-
syllabus or the textbook’s table of contents—as part of thesciously constructivist students carry out their own evalua-
course’s “hidden curriculum.” We are frustrated by the ten-tion of an approach, equation, or result, and understand both
dency many students have to seek “efficiency”—to achievethe conditions of validity and the relation to fundamental
a satisfactory grade with the least possible effort—often withphysical principles. Students who want to become creative
a severe unnoticed penalty on how much they learn. Thegcientists will have to move from the binary to the construc-
may spend a large amount of time memorizing long lists oftivist stage. This is the transition that we want to explore.
uninterpreted facts or performing algorithmic solutions to An excellent introduction to the cognitive issues involved
large numbers of problems without giving them any thoughtis given by Reif and Larki® who compare the spontaneous
or trying to make sense of them. Although some studentsognitive activities that occur naturally in everyday life with
consider this efficient, it is only efficient in the short term. those required for learning science. They pinpoint differ-
The knowledge thus gained is superficial, situation depenences and show how application of everyday cognitive ex-
dent, and quickly forgotten. Our survey is one attempt to cagpectations in a science class causes difficulties. Another ex-
light on the hidden curriculum and on how student expectacellent introduction to the cognitive literature on the
tions are affected by instruction. difference between everyday and in-school cognitive expec-
tations is the paper by Brown, Collins, and Duguid, who
stress the artificiality of much typical school activity and
discuss the value of cognitive apprenticesHips.
C. Previous research on cognitive expectations All the above-cited works stress the importance of expec-
) ) tations in how teens and young adults make sense of their
There are a number of studies of student expectations ifjorid and their learning. If inappropriate expectations play a
science in the pre-college classroom that show that studemgje in the difficulties our students commonly have with in-

about the nature of science and knowledge affect their learnysck and document them.

ing. Studies by Care¥Linn,° and others have demonstrated
that many pre-college students have misconceptions both
about science and about what they should be doing in
science class. Other studies at the pre-college level indical
some of the critical items that make up the relevant elements
of a student’s system of expectations and beliefs. For exa \why a survey?

ample, Songer and Linn studied students in middle schools

and found that they could already categorize students as hav- Our interactions with students in the classroom and in in-
ing beliefs about science that were eitdgnamic(science is formal settings have provided us with preliminary insights
understandable, interpretive, and integrated static (sci-  into student expectations. As is usual in physics education
ence knowledge is memorization-intensive, fixed, and notesearch, repeated, detailed, taped, and transcribed interviews
relevant to their everyday lives® Alan Schoenfeld has de- with individual students are clearly the best way of confirm-

. CONSTRUCTING THE SURVEY

213 Am. J. Phys., Vol. 66, No. 3, March 1998 Redish, Saul, and Steinberg 213



ing or correcting informal observations and finding out whatTable I. Institutions from which first semester or first quarter pre- and post-
a student really thinks. The education literature contains paﬂ:nstructiorj survey data were collected. All data are matched; i.e., a_II stude_nts
ticularly relevant transcripts of student interviews, eSpeCiallyndUded in the reported data completed both the pre- and post-instruction
in the work of David Hammer. In his Ph.D. thesis at Berke->'""®¥:

ley, Hammer followed six students throughout the first se-
mester of their university physics course, tracking their.
progress through detailed problem-solving interviews. Eaclyniversity of Maryland,  traditional lectures, some classes 445

Institution Instructional characteristics N

student was interviewed for approximately 10 h. The inter-College ParKUMCP) with group-learning tutorial instead
views were taped and transcribed, and students were classi- of recitation, no lab

fied according to their statements and how they approacheghiversity of Minnesota,  traditional lectures, group- 467
the problems. However, conductmg interviews Wlt_h largeminneapolis(UMN) learning research-designed

numbers of students would be prohibitively expensive, and problem solving and labs

they are unlikely to be repeated at many institutions. Inter-_ o __ _
views therefore cannot yield information about the distriby-Ohi© State University,  traditional lectures, group-learming 445

. - - - Columbus(OSU) research-designed problem solving

tion of student expectations in a large population. In order to and labs

study larger populations, a reliable survey is needed which

can be completed by a student in less than half an hour an@ickinson College(DC) Workshop Physics 115
analyzed by a computer. We developed the Maryland Physé

. . . small public liberal arts Workshop Physics 12
ics Expectation§MPEX) survey to meet this need. university (LA)
a medium sized public traditional 44

two-year colleggTYC)

B. The development of the MPEX survey

We began to develop the MPEX survey in the Autumn of
1992 at the University of Washington. Students in the intro-
ductory calculus-based physics class were given a variety of
statements about the nature of physics, the study of physicél) Independence-beliefs about learning physics—whether
and their relation to it. They rated these statements on a it means receiving information or involves an active pro-
five-point Likert scale from strongly disagré®) to strongly cess of reconstructing one’s own understanding;
agree(5). Items for the survey were chosen as a result of 42) Coherence-beliefs about the structure of physics
detailed literature review, discussions with physics faculty, =~ knowledge—as a collection of isolated pieces or as a
and our combined 35 years of teaching experience. The single coherent system;
items were then validated in a number of ways: by discus{3) Concepts—beliefs about the content of physics
sion with other faculty and physics education experts, knowledge—as formulas or as concepts that underlie the
through student interviews, by giving the survey to a variety ~ formulas.
of “experts,” and through repeated delivery of the survey to | ihe MPEX survey, we seek to probe three additional
groups of students. dimensions:

The MPEX survey has been iteratively refined and imple-
mented through testing in more than 15 universities and colt4) Reality Link—beliefs about the connection between
leges during the last four years. The final version of the physics and reality—whether physics is unrelated to ex-
survey presented here has 34 items and typically takes 20—30 periences outside the classroom or whether it is useful to
min to complete. We report here on the results of the MPEX  think about them together;
survey given at six colleges and universities to more thart5) Math Link—beliefs about the role of mathematics in

1500 students. These institutions are listed in Table I. Al learning physics—whether the mathematical formalism
students were asked to complete the survey during the first is just used to calculate numbers or is used as a way of
week of the terrf (semester or quarteand at the end of the representing information about physical phenomena;
term. (6) Effort—beliefs about the kind of activities and work nec-
In the rest of this section, we describe how we chose the essary to make sense out of physics—whether they ex-
items of the survey and how we validated it. pect 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
1. Choosing the items of the MPEX survey are given in Table Il. We refer to the extreme view that
agrees with that of most mature scientists as éRpertor
The cognitive structures that we have referred to as stufavorableview, and the view that agrees with that of most
dent expectations clearly are complex and contain many fadeginning students as theovice or unfavorableview. The
ets. We decided to focus on six issues or dimensions alongurvey items that have been selected to probe the six atti-
which we might categorize student attitudes toward the aptudes are given in the right-hand column of Table II. We
propriate way to do physics. Three of these are taken fromefer to the collection of survey items designed to probe a
Hammer's study and we have added three of our own. particular dimension as aluster Note that there is some
Building on the work of Perry and Songer and Linn cited overlap, as these dimensions are not independent varf@bles.
earlier, Hammer proposed three dimensions along which to Although we believe the attitudes that we have defined as
classify student beliefs about the nature of learningexpert correspond to those attitudes needed by most creative,
physics!® intuitive, and successful scientists, we note that they are not
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Table Il. Dimensions of student expectations.

MPEX
Favorable Unfavorable items

Independence takes responsibility for constructing own undertakes what is given by authoritiegeacher, text 1, 8, 13, 14, 17, 27

standing without evaluation

Coherence believes physics needs to be considered as a conndmdlieves physics can be treated as unrelated facts ot2, 15, 16, 21, 29
ed, consistent framework “pieces”

Concepts stresses understanding of the underlying ideas aridcuses on memorizing and using formulas 4,19, 26, 27, 32
concepts

Reality link believes ideas learned in physics are relevant andbelieves ideas learned in physics have little relation to10, 18, 22, 25
useful in a wide variety of real contexts experiences outside the classroom

Math link considers mathematics as a convenient way ofviews the physics and the math as independent with2, 6, 8, 16, 20
representing physical phenomena little relationship between them

Effort makes the effort to use information available and triesdoes not attempt to use available information effect-3, 6, 7, 24, 31
to make sense of it ively

always predictors of success in introductory physics classesherefore use considerable care in applying the results of a
In an earlier study, Hammer studied two students in thdimited probe such as our survey to a single student.
algebra-based physics course at Berkéle9ne student pos- We are also aware that students’ self-reported perceptions
sessed many novice characteristics but was doing well in theay not match the way they actually beh&¢élowever, the
course. The other student possessed many of the characteriisterviews suggest that if a student’s self-perception of the
tics preferred by experts but was having trouble. The seconkbarning characteristics described in Table Il differs from the
student’s desire to make sense of the physics for herself wagay that student actually functions, the self-perception has a
not supported and she did not begin to succeed until shstrong tendency to be closer to the side chosen by experts.
switched her approach to memorization and pattern matchA/e therefore feel that while survey results for an individual
ing. In this case the course supported an attitude and astudent may be misleading, survey results of an entire class-
approach to learning that most physics instructors would notoom mightunderstateunfavorable student characteristics.
endorse and one which certainly would cause her trouble if

she were to try to take more advanced science codfses.
IV. EXPERT EXPECTATIONS: THE CALIBRATION

GROUPS

2. Validating the survey: interviews In order to test whether the survey correctly represents
, elements of the hidden curriculum, we gave it to a variety of

_ We conducted more than 100 hours of videotaped studenydents and physics instructors. We defined as “expert” the

interviews in order to validate that our interpretation of theresponse that was given by a majority of experienced physics

survey items matched the way they were read and interpretagstryctors who have a high concern for educational issues

by students. We asked studeri&sther individually or in  ang g high sensitivity to students. We conjectured that ex-

groups of two or threfeto describe their interpretations of the perts, when asked what answers they would want their stu-
statements and to indicate why they responded in the wayents to give, would respond consistently.

that they did. In addition, students were asked to give spe-
cific examples from class to justify their responses. A. The calibration groups
From these interviews, we have found that students are not
always consistent with their responses to what appear to us We tested the response of a wide range of respondents by
to be similar questions and situations. We feel that this doesomparing five groups:
not represent a failure of the survey, but properly matches
these students’ ill-defined understanding of the nature of
physics. One reason for this was described by Hammer. He
observed that some students in his study believed that pré
fessional physics operated under the favorable conditions,
but that it sufficed for them to behave in the unfavorable®
fashion for the purposes of the course. He referred to this by
adding the marker “apparent” to the characteristic. This is
only one aspect of the complex nature of human cognition.’
We must also 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, as in Hammer's observa®
tions, or even exist simultaneously in both extremes, depend-
ing on the situation that triggers the respofiS@ne must

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

Group 2: members of the US International Physics Olym-
pics Team,

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.
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Table lll. Prevalent responses of our expert group. Where the respondents 1%

did not agree at the-80% level, the item is shown in parentheses and the
majority response is shown. The response “A” indicates agree or strongly 0BT
agree. The response “D” indicates disagree or strongly disagree. 80% * $Epers
[ ]

1 D 8 D 15 D 22 D 29 D o + .Col\egeTeachers
2 D 9 (D 16 D 23 D 30 A ﬁ o0% 1 x ]
3 A 10 D 17 D 24 D 31 A g @ s Toainrs
4 D 11 A 18 A 25 A 32 A [ +-usipoT
5 A 12 D 19 D 26 A 33 D s |
6 A 13 D 20 D 27 D 34 (A ° XUMCF pre
7 (A) 14 D 21 D 28 D 0% 1

10% +

0%

0% 10% 20‘% 30’% 40‘% 50% 6[;% 70% 80% 90% 100%
. . . . Unfavorable
The University of Maryland students are a fairly typical

diverse group of engineering students at a large research Uryy. 1. A—D plot for calibration groups, average of all items. The percentage
versity. The number of students in the sampl&lis 445. of respondents agreeing with the majority of experts’ vidfasorable re-

The US International Physics Olympics TedSIPOT) sponsepis plotted against the percentage disagreeing with those \igws
is a group of high school students selected from applicant&§vorable responsgs
throughout the USA. After a 2-week training session, five are
chosen to represent the US in the International Physics ] ) ] o
Olympics. In 1995 and 1996, this group trained at the Uni- To display our results in a concise and easily interpretable
versity of Maryland in College Park and we took the oppor-manner, we introduce amgree-disagree(A—D) plot. In this
tunity to have them complete survey forms. The total numbepot, the percentage of respondents in each group answering
of respondents in this group k= 56. Although they are not favorably are plotted against the percentage of respondents
teachers, they have been selected by experts as some of tRe€ach group answering unfavorably. Since the fraction of
best high school physics students in the nation. Our hypothStudents agreeing and disagreeing must add up to less than or
esis was that they would prove to be more expert than thgqual to 100%, all points must lie in the triangle bounded by
average university physics student, but not as expert as ot corners(0,0), (0,100, (100,0. The distance from the
groups of experienced instructors. diagonal line is a measure of the number of respondents Who

The physics instructors who served as our test groups We,%nswered neutral or chose not to answer. The closgr a point
all visiting Dickinson College. Attendees came from a widelS t0 the upper left-hand corner of the allowed region, the
variety of institutions. Many have had considerable experiPetter the group’s agreement with the expert respénse.
ence in teaching, and all of them were sufficiently interested 1he results on the overall survey are shown in Fig. 1. In
in educational development to attend a workshop. We sepéh's plot, the percentages are averaged over all of the items of
rated them into three groups: Group 3—high school teacher§'® Survey, using the preferred responses of calibration
attending a two-week summer seminat=26), Group 4— Group 5 as favorable. The groups’ responses are distributed

college and university teachers attending the two-week sunifm ess to more favorable in the predicted fastfidn.
mer seminar l{="56), and Group 5—college and university Although the overall results support our contention that

teachers implementing Workshop Physics in their classroorft!. Survey correlates well with an overall sophistication of
attitudes toward doing physics, the cluster results show some

(N=19). The teachers in Group 5 were commitied o 'mple.'interesting deviations from the monotonic ordering. These

tmhe.”“”lg an mte@ctlvekeg%ﬁgirr?ent model c;f. te?chltng I,?Jeviations are quite sensible and support our use of clusters
€ir classroom. We asked the three groups ol INSUTUCIOTS g \ya)| 55 overall results. In order to save space and simplify
respond withthe aSS\r/]ver ”}?V would preferhthelr Students 10 interpretation of results, we present the data in Table IV.
give We expected these five groups to show an Ir]Cre"’lsm%isplayed in this table are the percentages of each group’s
level of agreement with answers we preferred. favorable and unfavorable respongisthe form favorable/
unfavorable. The percentage of neutrals and not answering
B. The responses of the calibration groups can be obtained by subtracting the sum of the favorable and
o unfavorable responses from 100.

The group we expected to be the most sophisticated, the From Table IV we see that most of the fraction of respon-
Group 5 instructors, agreed strongly as to what were thejents agreeing with the favorable response tends to increase
responses they would like to hear from their students. On aunonotonica”y from Group 1 to 5 with a few interesting ex-
but three items;~80% or more of this group agreed with a ceptions. The high school teaché@roup 3 are farther than
particular position. Three items, Nos. 7, 9, and 34, had aheir average from the favorable corner in the coherence and
strong plurality of agreement, but between 1/4 and 1/3 of thenath clusters, while the Physics Olympics Team is closer to
respondents chose neutral. We define the preferred responie favorable corner in those categories than their average.
of Group 5 as thexpert responsélNe define a response in These results are plausible if we assume that high school
agreement with the expert responsefagorableand a re- teachers are less concerned with their students forming a
sponse in disagreement with the expert responasfa/or-  coherent and mathematically sophisticated view of physics
able For the analysis in this paper, the agree and stronglyhan are university teachers. The results also agree with our
agree responsdgl and 5 are added together, and the dis- personal observations that the members of the USIPOT are
agree and strongly disagree respongesnd 2 are added unusually coherent in their views of physics and exception-
together. A list of the favorable responses to the survey itemally strong in their mathematical skills.
is presented in Table III. Note also that the Olympics team results are very far from
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Table IV. Percentages of students giving favorable/unfavorable responses on overall and clusters of the MPEX
survey at the beginnin(pre) and end(pos) of the first unit of university physics.

Reality Math

Overall Independence Coherent Concept link link Effort
Experts 87/6 93/3 85/12 89/6 93/3 92/4 85/4
College 80/10 80/8 80/12 80/8 94/4 84/9 82/6
HS 73/15 75/16 62/26 71/18 95/2 67/21 68/13
USIPOT 68/18 81/12 79/8 73/13 64/20 85/8 50/34
UMCP pre 54/23 54/25 53/24 42/35 61/14 67/17 67/13
UMCP post 49/25 48/27 49/27 44/32 58/18 59/20 48/27
UMN pre 59/18 59/19 57/20 45/27 72/9 72/11 72/11
UMN post 57/20 58/20 61/17 46/28 69/10 72/12 63/16
OSU pre 53/23 51/24 52/21 37/36 65/10 65/13 66/16
OSU post 45/28 46/28 46/26 35/35 54/17 55/20 44/30
DC pre 61/15 62/14 58/17 47/23 76/4 70/10 7517
DC post 60/19 67/14 66/18 58/23 72/9 71/12 57/26
PLA pre 57/23 57127 57/26 38/46 71/13 74/11 72/8
PLA post 49/31 52/22 47/33 45/34 52/25 54/19 48/30
TYC pre 55/22 41/29 50/21 30/42 69/16 58/17 80/8
TYC post 49/26 42/32 48/29 35/41 58/17 58/18 65/21

the favorable corner in the effort cluster. The main discrep-done with University of Washington style tutorigiSResults
ancies are in items 3 and 7. We suggest that the reader perufee tutorial and recitation classes were comparable. At Min-
the survey items of that clustés, 6, 7, 24, 31 These items nesota, the laboratory and recitations involve carefully de-
represent highly traditional measures of effmeéading the signed problem-solving group wofR.At Ohio State, lec-
textbook, going over one’s lecture noteshich we conjec- tures are traditional but are enhanced by use of various
ture are not yet part of the normal repertoire of the best anéhteractive elements, while recitation and laboratory are done
brightest high school physics students before they enter coln a group problem-solving format somewhat similar to that
lege. We also conjecture that most of them will have to leardeveloped at Minnesota. At Dickinson College and at the
to make these kinds of efforts as they progress to increapublic liberal arts institution, the classes surveyed were done
ingly sophisticated materials and the level of challenge risesn the Workshop Physics environment which replaces lec-
This analysis of both the overall responses of the calibratyres with a combined lab and class discus&idnThe two-
tion groups and the variations in the ordering confirms thayear college used a purely traditional lecture—recitation
the MPEX survey provides a quantitative measure of charframework. Like Maryland, they have no lab in the first se-
acteristics which experts hope and expect their students t@ester. The schools involved, the structure of their courses,

have. and the number of students in our sample are summarized in
Table I.

V. STUDENT EXPECTATIONS: DISTRIBUTION In order to eliminate the confounding factor of differential

AND EVOLUTION drop-out rates, we only include students who completed the

survey both at the beginning and at the end of the term. We

In this section, we discuss the results obtained from givingsay that the data imatched Our results show some differ-
the MPEX survey at the beginning and end of the first termences among different classes at the same institution, but the
of introductory calculus-based physics at six different insti-yariation is statistically consistent with the sample size.
tutions. In each case, the subject covered was Newtoniapherefore, we have combined results for similar classes at a
mechanics. The schools involved include the flagship regiven institution.
search institutions of three large state universities: the Uni- The overall survey results for the six schools are presented
versity of Maryland(UMCP), Ohio State UniversityOSU, i an A—D plot in Fig. 2. In order to simplify the reading of
and the University of MinnesoteJMN); plus three smaller {he graphs, we have displayed the results from the three large
schools: Dickinson CollegéDC), a small public liberal arts  yasearch universities in one part of the figliFég. 2@] and
college(PLA), and a public two-year collegdYC). Atthe 4556 from the smaller schools in anoth&ig. 2b)]. The
named colleges, we have data from multiple instructors. “&re-course results are shown by filled markers and the post-

the case of the last two institutions, data were only collected,rse results by open markers. The results of the expert
from a small number of instructors and students. These ar, roup are shown by a cross.

included in ordgr to de'monstrate how the MPEX survey cam \yia make two observations.

be used as a diagnostic tool, but are kept anonymous to pro-

tect the identity of the instructors and institutions involved. (1) The initial state of the students at all the schools tested
At Maryland, Ohio State, and Minnesota, classes were differs substantially from the expert results. The expert

presented in the traditional lecture—lab—recitation framework group was consistent, agreeing on which survey re-

with some modifications. At Maryland, there is no laboratory ~ sponses were desirable 87% of the time. Beginning stu-

in the first semester and some of the recitation sections were dents only agreed with the favoraklexper} responses
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100% nificant change as a result of one term of instruction. For

a% comparison, the USIPOT showed favorable views on these
+ : ;
80% items 81% of the time.
Survey items 1 and 14 are particularly illuminating and
70%  Experts H
A OSUme show the largest gaps between experts and novices.
60%
3 o E'A%( R #1: All | need to do to understand most of the basic
5 - AN 0 post ideas in this course is just read the text, work most
2 s of the problems, and/or pay close attention in class.
oo #14: Learning physics is a matter of acquiring new
20% 1 knowledge that is specifically located in the laws,
10% principles, and equations given in the textbook and
o N . . ) — in class and/or in the textbook.
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% .
(a) Unfavorable The expert group was in 100% agreement that students
) should disagree with item 1 and in 84% agreement that they
o should disagree with item 14. Disagreeing with these items
i represents a rather sophisticated view of learning, but favor-
80% 1 able shifts on these items are exactly the sort of changes that
70% | F Eoots indicate the start of a transition between a binary and a more
o 0% | L o) :;C;: constructivist thinker. The interviews strongly support this
B s '67 W FL pre view. Students who disagreed with both these items were
£ 8;15;5‘ consistently the most vigorous and active learners.
) TPLA post This cluster of items, and items 1 and 14 in particular,
‘m appear to confirm that most students in university physics
o enter with at least some characteristics of binary learners,
0% agreeing that learning physics is simply a matter of receiving
) . s knowledge in contrast to constructing one’s own understand-
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% . . . . . .
(b) Unfavorsble ing. We would hope that if a university education is to help

students develop more sophisticated views of their own
Fig. 2. (a) A-D plot for large schools, average of all itents) A—D plot for learning, that the introductory S_emeSte.r of gmversny physms
small schools, average of all items. would begin to move students in the direction of more inde-

pendence. Unfortunately, this does not appear to have been

the case. In the touchstone items of 1 and 14, the only sig-

. . . nificant improvement was DC on item 126%-53%, and
about 50%-60% of the time, a substantial discrepancyg,erall on}Igy DC showed improvement.I ° %

What is perhaps more distressing is that students explic-
I iti 04— 0,
;trlé ?ilﬁﬁgorted unfavorable positions about 15%—-30% ofB_ The coherence cluster
(2) In all cases, the result of instruction on the overall survey Most physics faculty feel strongly that students should see
was anincreasein unfavorable responses and a decreasghysics as a coherent, consistent structure. A major strength
in favorable responseghough some changes were not of the scientific worldview is its ability to describe many
significan). Thus instruction produced an average dete-complex phenomena with a few simple laws and principles.
rioration rather than an improvement of student expec-Students who emphasize science as a collection of facts fail
tations. to see the integrity of the structure, an integrity that is both
epistemologically convincing and useful. The lack of a co-

o~ ; : Yierent view can cause students many problems, including a
of characteristics, as displayed in Table Il. In order to bettelfailure to notice errors in their reasoning and an inability to

understand what is happening in the classes observed, 1et Uy a1 5 recalled item through cross checks. Survey items

consider the initial state and the change of student expectg- 15 16 21 and 29 have been included in order to probe
tions in our various clusters. The results are presented ig Lt A n e

Table IV tudent views along this (_jimension.

' Our expert group was in agreement as to what responses
were desirable on the elements of this cluster 85% of the
. time. The initial views of students at our six schools were
A. The independence cluster only favorable between 50% and 58% of the time. Most

One characteristic of the binary thinker, as reported b lasses shoyved_a small deterioration on this cluster, except
Perry and BGCT, is the view tha); answers comg from a)r%:Or UMN (slight improvement from 57% to 61% favorable

authoritative source, such as an instructor or a text, and it i£SPonsesand DC(improvement from 58% to 66% favor-
the responsibility of that authority to convey this knowledge@P!€ responses . .
to the student. The more mature students understand thgt | WO SPecific items in this cluster are worthy of an explicit
developing knowledge is a participatory process. Hammef!!'SCUSSION.

classifies these two extreme views as “by authority” and  #21: If | came up with two different approaches to a

The overall survey includes items that represent a variet

“independent.” Survey items 1, 8, 13, 14, 17, and 27 probe problem and they gave different answers, | would
students’ views along this dimension. On this cluster, stu- not worry about it; | would just choose the answer
dents’ initial views were favorable in a range from 41% that seemed most reasonable. (Assume the answer
(TYC) to 62% (DC). All groups showed essentially no sig- is not in the back of the book.)
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#29: A significant problem in this course is being able toexperienced student could reject 4 but still agree with 19
memorize all the information | need to know. because of the phrase “most crucial.” One would, however,
ltem 21 is a touchstone. Coming up with two different NOP€ that increased experience with complex physics prob-
answers using two different methods indicates something i€ms would lead a student to disagree with this item as well.
seriously wrong with at least one of your solutions and per- OF €xample, 54% of the USIPOT students gave a favorable
haps with your understanding of the physics and how tJesponse on this item as compared to only 22% of beginning
apply it to problems. Our expert group and USIPOT studentStudents at UMCP. Our personal observations of these stu-

feel strongly that students should disagree with item #21 a€Nts indicate that as expected, the USIPOT students have

the 85% level. Initially, only 42%—53% of students producedCOnsiderably more experience with complex problem solving
a favorable response for this item, and only DC showed an§@n the typical beginning engineering student.

P ; e Most of the schools begin with favorable responses on
significant improvement on this itertfrom 52% to 59%. ) . .

One schoolPLA) showed a substantial deterioratiiom ~ 1t€m #4 of 50%-55%. Our TYC is an anomaly, with only
42% to 17%. 16% of the students responding favorably on this item. This

The interpretation of item #29 may depend significantlySUJ9€sts that the group of students in our TYC may be con-
on the details of the examination structure of the course beslderably less sophisticated, at least along this dimension,
ing probed. A sophisticated student will realize that the large"an the average beginning university student. The shifts on
number of different equations and results discussed in 1S item tend to be favorable and significaptg., UMCP
physics text can be structured and organized so that only 47/%—59% favorable, DC 52%-64% favorablg with the
small amount of information needs to be memorized and th€Xception of our PLA institution which showed a shift to-
rest can be easily rebuilt as needed. Item #29 is part of ¥ard neutral. o
probe into whether or not students see this structure or are All groups showed a low initial favorable response on
relying on memorizing instead of rebuilding. However, if item 19[13% (TYC) to 31%(UMN)] but all showed a shift
students are permitted to use a formula sheet or if exams af@ward the favorable by the end of the semester.
open book, they may not perceive memorization as a prob-
lem. This does not mean that they see the coherence of the L
material?® If extensive information is made available to stu- D+ The reality link cluster

dents during exams, item #29 needs to be interpreted care- ajthough physicists believe that they are learning about
fuIIy._Avanety of examination aids were used for the c_Iasses(he real world when they study physics, the context depen-
of this study, ranging from open-book exafiC) to no aids  yence of cognitive responsésee Ref. § opens a possible
(UMCP). Omission of item #29 does not change the distri-g4, petween faculty and students. Students may believe that
butions in this cluster significantly. physics is related to the real world in principle, but they may
also believe that it has little or no relevance to their personal
C. The concepts cluster experience. This can cause problems that are both serious

4,19, 26, 27, and 32are intended to probe whether studentsOf the speed with which a high jumper leaves the ground and
are viewing physics problems as simply a mathematical macomes up with 8000 m/¢as a result of recalling numbers
nipulation of an equation, or whether they are aware of thé/Vith incorrect units and forgetting to take a square yooay

more fundamental role p|ayed by physics Concepts in Comnot bother to evaluate that answer and see it as nonsense on

plex problem solving. For students who had high-schothe basis of persor)al experience. When an instru'ctor pro-
physics classes dominated by simple “problem SO|\,ingnduc;esademonstratlon that has been “cleaned” of distracting
(find the right equation, perhaps manipulate it, then Cak;u|at@Iements_ such_ as fr!ctlon and air resistance, the instructor
a numbey, we might expect largely unfavorable responsesMay see it as displaying agenera_ll phys_|cal law that is present
on our items. We would hope, however, for substantial im-n the everyday world but that lies “hidden” beneath dis-
provement, even as the result of a single college physic§acting factors. The student, on the other hand, may believe
course. that the complex apparatus fisquiredto produce the phe-
Our experts agree on their responses to the items of thi@omenon, and that it does not occur naturally in the everyday
cluster 89% of the time. The initial views of the students atWorld, or is irrelevant to it. A failure to make a link to ex-
the six schools were favorable between 309%C) and 47%  Perience can lead to problems not just becaus_e physics in-
(DC) of the time. All schools showed some improvement onStructors want students to make strong connections between
this cluster except OSU, which showed a small deterioratiodn€ir real-life experiences and what they learn in the class-
(from 37% to 35% favorable responssEhe two Workshop "00m, but because learning tends to be more effective and
Physics schools showed the largest gains in favorable réobust when linked to real and personal experiences.

sponsegDC 47% to 58%, PLA 38% to 45% The four items we have included as the reality link cluster
Within this cluster, the results on items 4 and 19 are par{ittms 10, 18, 22, and 25do not just probe whether the
ticularly interesting. students believe the laws of physics govern the real world.

“ L . . Rather, our items probe whether the students feel that their
#4: “Problem solving” in physics basically means personal real-world experience is relevant for their physics
matching problems with facts or equations and thencqrse and vice versa. In our interviews, we observed that
substituting valqes to geta nu_mber. . many students show what we would call, following Hammer,
#19: The most crucial thing in solving a physics problem gy, «gnnarent reality link.” That is, they believe that the laws
is finding the right equation to use. of physics govern the behavior of the real world in principle,
While these items are similar, they are not identical.but that they do not need to consider that fact in their physics
Agreeing with item 4 indicates a naive view of physics prob-class.
lems or a lack of experience with complex problems. A more Our three groups of instructors were in almost unanimous
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agreement{93%-95% with the favorable response on our #2: All I learn from a derivation or proof of a formula is
reality cluster. An interesting anomaly was the response of that the formula obtained is valid and that it is OK
the USIPOT students, who only gave favorable responses at to use it in problems.

the 64% level. Examining their written comments as well as  £.om our interviews and informal discussions, we note

their responses gives one possible explanation: A significanf,a; many students today have had little or no experience
number of USIPOT students saw physics as being associatgl, formal mathematical proof. A few did not understand

primarily with interesting and exotic phenomena, such asne meaning of the word “derivation,” mistaking it for
cosmology, relativity, and particle physics. Some of these:ygrivative.” 3! This lack of experience can produce a se-

students did not see a link between this physics and the{fere gap between the expectations of instructors and students
personal experiences. . _and cause serious confusion for both groups. On item 2, the
The student groups at our six schools started out W(')ﬂ%tudents at no institution showed favorable resporidiss
fairly strong favorable responses, ranging from 61A’agree) at higher than the 44% levéUMN). At our TYC,
(UMC.P) to 76%(DQ' Unfortunately, every group ShO.Wed & anly 20% gave a favorable response with item 2 initially, and
deterioration on this measure as a result of mstruc(;[lon, andgos, of the students gave the unfavorable respofidée
som? of the shifts were substantiddSU—from 65% to write this response as 20/48.hey improved somewhat after
54%; PLA—from 71% to 52%, and TYC—from 69% to . L
58% favorable responses the class(to 33/41), but our PLA dgterlorated significantly
(from 36/18 to 25/33 This deterioration did not appear to be
associated with the Workshop Physics structure which tends
to emphasize hands-on and laboratory activities over purely
abstract and mathematical reasoning. The DC students
An important component of the calculus-based physicxhanged on item #2 from 39/25 to 45/31. This maintains
course is the development of the students’ ability to use abapproximately the same ratio, but fewer students are unde-
stract and mathematical reasoning in describing and makingided.
predictions about the behavior of real physical systems. Ex-
pert scientists use mathematical equations as concise summa-
ries of complex relationships among concepts and/or mea-
surements. They can often use equations as a framework on
which to construct qualitative arguments. Many introductoryF. The effort cluster
students, however, fail to see the deeper physical relation-
ships present in an equation and instead use the math in aMany physics lecturers do not expect most of their stu-
purely arithmetic sense—as a way to calculate numberdents to follow what they are doing in lecture during the
When students have this expectation about equations, thekecture itself. They expect students will take good notes and
can be a serious gap between what the instructor intends aridure them out carefully later. Unfortunately, many students
what the students infer. For example, a professor may gdo not take good notes and even those who do may rarely
through extensive mathematical derivations in class, expecteok at them. When physics begins to get difficult for stu-
ing the students to use the elements of the derivation to sedents, most instructors expect them to try to figure things out
the structure and sources of the relationships in the equationsing a variety of technigues—working through the ex-
The students, on the other hand, may not grasp what themples in the book, trying additional problems, talking to
professor is trying to do and reject it as irrelevant “theory.” friends and colleagues, and in general trying to use whatever
Students who fail to understand the derivation and structureesources they have available to make sense of the material.
of an equation may be forced to rely on memorization—anSome students, on the other hand, when things get difficult,
especially fallible procedure if they are weak in coherencanay be at a loss for what to do. Some students do not have
and have no way to check what they recall. the idea that if they do not see something right away, there
The survey items probing students’ apparent expectaare steps they can take that will eventually help them make
tions®® of the role of mathematics are 2, 6, 8, 16, and 20. Ouisense of the topit> An important component of the tools
expert group is in strong agreement on the favorable answetkat help build understanding is the appreciation that one’s
for this cluster, agreeing at the 92% level. Since high schooturrent understanding might be wrong, and that the mistakes
physics courses tend to be decidedly less mathematical thame makes can give guidance in helping to correct one’s
university physics courses, we were not surprised that therrors. This dimension is probed by items 3, 6, 7, 24, and 31
high school instructors have much lower expectations foon the survey.
their students on this cluster, agreeing with its elements only For this cluster, the results are striking enough that we
67% of the time. This is comparable to the initial percentageslisplay them in an A-D plot in Fig. 3. Our experts are in
of most of the students in our test classes, which range froretrong agreement on the answers to the items of this cluster,
58% to 74%. at an 85% level. The initial views of the students at the
Although these lower expectations may be appropriate fovarious institutions begins quite high, ranging from 66% fa-
high school students and therefore for beginning universitworable(at OSU to 80% favorabldat our TYQO. By the end
students, one might hope that these attitudes would change# the semester, the shift is dramatically downward, with
toward more favorable ones as a result of a university physthree institutions dropping in the favorable percentages by
ics class. Unfortunately, none of the classes probed shoabout 209%(UMCP, OSU, and PLA and three dropping by
improvement in the favorable/unfavorable ratio and threel0%—-15%(UMN, DC, and TYQ. In one sense, this may be
(UMCP, OSU, PLA show a significant and substantial de- interpreted that the students expected to make more of an

E. The math link cluster

terioration. effort in the course than they actually did, as the shifts were
Among the items of the cluster, the results on item 2 ardargest on items 3 and 6, but the downward shifts on items 24
particularly interesting. and 31 were also substantial.
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0% | by renormalizing the observawlandq into p’ =p/p+q and

90% | ¥ oo g’'=q/p+q. We consider a difference or shift in means to
a% "'. R be significant if it is at less than the 5% probability level, that
vl om & TrCon is, if the difference or shift is greater than twice
1 0% g OO :Efﬂfe =+/p’'q’/n. For example, a} values @f=60%, q=20% for
g o s N=450, we gelr~2%. This doesn’t change much over the
E n | = SEUMCP post typical values ofp and g seen in Table Ill. We therefore
o] i consider a 5% shift to be significant for our large schools.
0% G ForN=115, those values qf andq give 0 ~4%. We there-
10% \' fore consider a 10% shift to be significant for Dickinson.
D%U% 10% 20% 30% 40% 50% 60% 70’% 30% 90% 100%
Unfvoretle VI. CONCLUSIONS

Fig. 3. A-D plot for all schools, effort cluster.
A. Summary

In this paper we have discussed the creation and use of the
G. Statistical significance MPEX survey of student cognitive attitudes in physics. The
. , ) , survey was constructed to probe student expectations with a
Every finite set of data contains fluctuations which haveicys’on six structures: independence, coherence, concepts,
no real significance but arise from the details of a particulatne [ink between physics and the real world, understanding
sample. In this paper, our research questions involve comys the role of math in physics, and the kind of effort they
parisons of groups—experts and novices, novice students gl ect to make. The survey was calibrated using five groups.
dlffere_nt_lnstltutlons, and stud_ents at the beginning and eng,¢ group expected to be most sophisticated was in strong
of their first semester of_ phy5|c_s. In order to compare thes%greemen(better than~80% on almost all the itemss to
groups, we are comparing their averaged respo@g®e ihe desired responses on the items of the survey and their
versus neutral versus disagrein order for us to understand referred response was defined as favorable. The other cali-
whether two responses are significantly different, we have t9ation groups showed increasing agreement with the expert
have some model of the random variable in our sample. group in the predicted manner.
Our interviews, our intuitions, and many discussions in the™ \we tested the survey in classes at six schools that had
cognitive literature suggest that a human attitude is a highly,5rving entrance selectivity and that used a variety of ap-

complex object. As we noted above, some students gavggaches. We find explicit answers to the research questions
clear evidence in interviews of being in two contradictory,,e posed in the introduction.

states at the same time. What this implies is that the random o ) . ,
variable we should be averaging is itself a probability, rather Q1. How does the initial state of students in university
than a set of well-defined values. Unfortunately, the average physics differ from the views of experts?
of probabilities may depend significantly on the structure of At the six schools tested, the initial state of students devi-
the constraints and parametrization of the probabilities, as iated significantly from that of the expert calibration group
well known from quantum statistics. Since detailed modelswith overall responses ranging from 50% to 60% favorable.
of student attitudes do not yet exist, we will estimate ourThe results on the concept cluster were particularly low
significances by using a cruder model. (30%-45% and on the reality cluster were particularly high
Let us assume that a class is drawn from a very largé60%—75%.

ho_mogeneou°’§ group of students and tha.t in the large POPU- 52 To what extent does the initial state of a class vary
lation, a percentagp, of responses to an item or cluster will from institution to institution?

be favorable and a percentagg will be unfavorable with At our three large state flagship instituti CP. OSU
Po+do=~1. (Fg now, we will ignore the possibility of neu- UMN) student attitudes as measured by the survey were very
tral responses) In a finite sample of students, we want to  gjjjar The attitudes of beginning students at our selective
know what is the probability of finding, favorable anch,  jiperal arts institution DC) were consistently more favorable
unfavorable responses with +n,~1. Using the Gaussian and those at our two-year colleg&YC) were consistently
approximation to the binomial distribution, we get that theless favorable than those at our state flagship institutions.

probability of finding fractionsp=n,/n and g=n,/n is Q3. How are the expectations of a class changed as the

—(p— 2192 . . .
P(p)=Ae  (P~P0727" where A is a normalization constant result of one semester of instruction in various learn-
and ing environments?
Podo At every school we studied, the overall results deteriorated
=N as the result of one semester of instruction. A significant part

of this deterioration was the effort cluster: at every school
For this distribution, the probability that a sample will tested, in their judgments at the end of a semester, students
have a mean that falls withinglof the true meanpy, is  felt that they did not put in as much effort as they had ex-
0.684 and the probability that a sample will fall withier®f  pected to put in at the beginning of the semester. This part of
the true mean is 0.954. the result is well-known and neither surprising nor particu-
Since the fraction of neutral responses tends to be smallarly disturbing. What is more troublesome is the result that
and since the binomial model is crude for this set of data, wenany of the schools showed deteriorations on the cognitive
treat our trinomial data as if it were approximately binomial dimensions as well: half deteriorated on the independence
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dimension, two-thirds on the coherence dimension, half ortourse: “In high school you may have gotten away with
the math link(with the others showing no gainand all on  memorizing equations without understanding them, but here

the reality link. that won't be enough” and if that mandate is followed
through in both assignments and grading, students are more
B. Implications likely to be willing to put in the effort to change and grow. If

The workplace and the role of phvsics in the educationa tudents experience a series of science courses that do not
P phy equire deeper understanding and a growth of sophistication,

milieu is changing. Modern industry now requires a much . : .
larger fraction of its workers to have some technical exper-they will be much more reluctant to put in the time and effort

tise than was the case 30 years ago, and this trend is likely ttg_tr:rf:ange in a later CtOlérf]e' is a first step t d lori
continue. Our mandate now is to provide a much larger frac- ' "€ SUTVEy presented here Is a lirst step toward exploring

tion of our students with successful training in technologicalth€Se issues and expanding our understanding of what is re-

thinking skills than ever before. ally going on in our classrooms.

The small fraction of students who enter our classes with
expectations that match the instructors may be identified as
“good” students and achieve success with a high probabil-
ity. Some of these may go on to become physicists. The
students who have inappropriate expectations may work eXACKNOWLEDGMENTS
tremely hard but still find themselves unable to succeed. Our
courses then serve as filters to eliminate those students rathenye would like to thank the other members of the Univer-
than helping to transform them. Worse yet, some coursesjry, of Maryland Physics Education Research Group, Lei
may actually reward students with inappropriate attltud.esBaO’ Michael Wittmann, John Layman, John Lello, and Mel
such as those who prefer memorizing to understandinggapelia who contributed substantially to the collection and
w_h|le driving away st_udents WL%% might excel in SCIenCeanalysis of the data presented in this paper. Visitors to the
given a more supportive structurelf we degrade the re- roup, including John Christopher, Alvin Sapirstein, and

quirements in our courses so that students can succeed witf-_ .. . T
out developing an understanding of the nature of science, t ratibha JoIIy, contributed Va'“a‘?"? comments and insights.
e are particularly grateful to Lillian McDermott and the

scientific process, or how to learn science and do it, thos . . ) . )
students vl?/ho come to college with a mature set of attitudeeg‘embers of the University of Washington Physics Education

may survive this approach without damage. But for thos esearch Group where this work was begun for their hospi-

who will need to learn and do science at a more advancef!ly ar_1d valuable d|SCUSSI0_nS when one of BER) was on
level, and who need help with their understanding of whaS@bbatical. We would also like to thank the very many fac-
science is and how to think about it, this approach is a recip#lty members at the institutions involved who cooperated
for guaranteed failuré® with us and gave us class time for their students to fill out
It is inappropriate to respond to the new mandate byour survey. We are very grateful to Priscilla Laws and her
“blaming the victim” or claiming that “some students just colleagues at the Dickinson College Summer Workshops for
can’t do physics.” This is particularly destructive in those agreeing to let us give our survey to workshop participants
cases where students have had previous training in sciené®d to Larry Kirkpatrick and his colleagues for permitting us
and math classes that discourages understanding, questida-survey the USIPOT students. We also would like to thank
ing, and creative thinking. Some students have had gredtriscilla Laws and Edwin Taylor for useful comments about
success in courses in this mode over many years in elemetihe manuscript.
tary, middle, and high schogind even in college As has
been demonstrated in many areas of cognitive psychology
and education research, changing a long-held view is a non-
trivial exercise. It may take specifically designed activities
and many attempts. _ APPENDIX: THE MPEX SURVEY
Anecdotal evidence suggests an ‘“existence theorem.’
Some students who come to college with serious misconcep-
tions about how to do physics make the transition to becom

excellent students and successful scientists or engineers. e .
Much of what we do in introductory classes does not ad-2nd using in class may be obtained on the WWa&e Ref.

dress the hidden curriculum of improved understanding and- Note that individual items should not be used to evaluate
attitudes. Indeed, some of what we do may be counterprdndividual students. On any single item, students may have
ductive. If we are to learn the extent to which it is possible todtypical interpretations or special circumstances which make
help introductory students transform their approach towardne “nonexpert” answer the best answer for that student.
physics, we must observe our students carefully and try tgurthermore, students often think that they function in one
explicate the elements of an appropriate set of expectationfashion and actually behave differently. A more detailed ob-

The failure to begin to move students from a binary viewservation is required to diagnose the difficulties of individual
of learning to a more constructivist set of attitudes in the firststudents. This survey is primarily intended to evaluate the
term of university physics is most unfortunate. The start ofimpact of one or more semesters of instruction on an overall
college is a striking change for most students. This change dflass. It can be used to illuminate some of the student reac-
context gives instructors the valuable opportunity to redefindions to instruction of a class that are not observable using
the social contract between students and teachers. This rigaditional evaluations. In this context, it, together with
definition offers an opportunity to change expectations. Ifevaluations of student learning of content, can be used as a
students are told at the beginning of their first college sciencguide for improving instruction.

On the next page is given the complete list of the items of
e MPEX survey. A version suitable for printing, copying,
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1 All I need to do to understand most of the basic ideas in this course is just read the text, work most of the ﬂ)roblems,
and/or pay close attention in class.

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

3 | go over my class notes carefully to prepare for tests in this course.

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

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

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.

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

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

9 The best way for me to learn physics is by solving many problems rather than by carefully analyzing a few jn detail.
10 Physical laws have little relation to what | experience in the real world.

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

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

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

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

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

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.

17 Only very few specially qualified people are capable of really understanding physics.
18 To understand physics, | sometimes think about my personal experiences and relate them to the topic being analyzed
19 The most crucial thing in solving a physics problem is finding the right equation to use.

20 If I don’t remember a particular equation needed for a problem in an exam there’s nothing much | (tegatip!)
to come up with it.
21 If I came up with two different approaches to a problem and they gave different answers, | would not worry jabout it;

| would just choose the answer that seemed most reasorfAlsume the answer is not in the back of the bpok.

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

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

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

25 Learning physics helps me understand situations in my everyday life.
26 When | solve most exam or homework problems, | explicitly think about the concepts that underlie the proplem.
27 Understanding physics basically means being able to recall something you've read or been shown.

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

29 A significant problem in this course is being able to memorize all the information | need to know.
30 The main skill I get out of this course is to learn how to reason logically about the physical world.

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

32 To be able to use an equation in a probigmauticularly in a problem that | haven't seen befpileneed to know more
than what each term in the equation represents.

33 It is possible to pass this courget a “C” or bette) without understanding physics very well.

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