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Introduction 

This report presents content , Jstatistical, and cogni t ive process analyses of the 

Graduate Record Examination (GRE) Physics Test. It also provides an update on t he 

textbook survey which wi ll be the basis for a quantitative determination of the 

overlap between the GRE and the undergraduate curriculum in a sample of 80 

institutions. 

The GRE Physics Test was selected for analysis because it is the only measure of 

achievement in physics administered on a national level. Also, there is an 

extensive set of statistical da t a available on both t he examinees who take the GRE 

Physics Test and on i ndividual items in the test itself.l 

Content Analysis of the GRE Physics Test 

Table l presents a comparison of the distribution of item content in t he GRE 

Physics Test and the aggragate cu r riculum content of six undergraduate programs 

(Carleton, Chicago, Illinois-C hicago, l~innesota, St. Olaf, and Wisconsin) which were 

visited in the early stages of t he project. Although the curriculum data reflects a 

small number of inst i tutions, the schools represent a diverse cross-section of 

undergraduate programs. (Data from a much larger sample of institutions are 

currently being analyzed.) 

Inse rt Table l about he re 

Assuming that these six institutions are a reasonable representation of 

undergraduate physics programs, it appears that there are some significant 

discrepancies between the GRE and the undergraduate curr iculum. The most obvious 

We are indebted to Mr. Eldon Park at Educational Testing Service for sharing with 
us aata on the GRE Physics Test. The cooperation of he and his colleagues is 
greatly appreciated. 
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difference is the last category in Table 1. Many undergraduate programs include 

significant coursework in electronics (11% in the six institutions we visited) yet 

this is not reflected in the GRE. finother possible explanation for the difference 

is that many of the advanced topics and lab methods courses are taken by seniors 

while the GRE is specificaly designed to test for mastery of the first three years 

of undergraduate physics. 

The GRE reflects heavier emphasis upon the first three categories in Table 

than does the undergraduate curriculum. In part, this may reflect a difference 

between the first three years and the total four year curriculum. However, it 

appears that a review of the rationale for including so many GRE items on topics in 

the second and third categories in Table 1 is appropriate if the claim is to be made 

that the test accurately represents undergraduate experiences. 

Statistical Analysis of the GRE Physics Test 

Characteristics of Examinees Intending to Major in Physics 

During the period 1981-84, 3762 examinees with intended graduate majors in 

physics took the general tests (Verbal, Quantitative, and Analytical) on the GRE. 

Summary statistics for these examinees along with those for other selected groups 

are given in Table 2. 

It is obvious that students who intend to major in physics at the graduate 

level have outstanding scores on the GRE general tests. Of the groups listed in 

Table 2, only students intending to major in philosophy and English have higher mean 

Verbal scores than do students intending to major in physics. For both the 

Quantitative and Analytical tests, students intending to major in physics have 

higher mean scores than for any other group listed in Table 2. It is especially 

noteworthy that examinees intending to major in physics outperform those intending 

(_ to major in mathematics on the Quantitative test. Examinees in these two groups 
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also excell on the Analytical test. 

Insert Table 2 about here 

The exceptional quality of students intending to major in phyics is even more 

apparent if their GRE general scores are viewed in the context of all other fields 

in the humanities, social sciences, biological sciences, and physical sciences. For 

the 98 major fields listed in data tables for the GRE, there is no other group of 

examinees with average scores on the Quantitative and Analytical tests which eq ual 

those of students intending to major in physics . The on ly fields which have hi gher 

Verbal scores are seven groups 1vi thin the humanities (majors in languages, 

literature, and philosophy) and one f ield within the physical sciences (astronomy). 

Psychometric Characteristics of the GRE Physics Tes t 

Data available for Form GR8677 of the Physics Test administered in October . 

1985 are discussed in th i s sec ti on.2 Although scaled scores are typically reported 

to admissions officers and exami nees, the emphasis here will be on item response 

data and raw scores (number right = R and corrected score = CS) for the total test. 

Table 3 presents a summary of t he basic features of the test. 

The data in Table 3 lead t o the following obse rvat i ons: 

1. An examinee must average no more than 1.7 minutes per item in order to 

complete the test. (170 minutes/100 items) 

2. The mean number right (R) is 45. (.45 X 100 items) 

Obviously, the physics test i s very demanding since the mean number correct (R) is 

less than half the total number of questions and the median corrected score (CS ) is 

less than 40% of the total pos s ible score. The diff i culty level of the test is 

2 Data presented here along wi t h a complete copy of the contents of Form GR8677 are 
available in Practicing to Tak e the GRE Physics Test, ETS, 1986. 
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especially significant when one recalls that the examinees who take the Physics Test 

are, as a group, the most able of all who take the GRE. 

Insert Table 3 about here 

The time limit data are particularly interesting in view of the fact that most 

of the items require that the examinee engage in a reasonable complex reasoning 

process (and possible non-trivial calculations) in order to identify the correct 

response. (A cognitive process analysis of a sample of GRE items is presented later 

in the report.) This suggests that most examinees probably did not have sufficient 

time to attempt every test item. This speculation is supported by the data 

presented in Table 4. 

Table 4 shows the mean and standard deviation of the item difficulties for the 

GRE when items are blocked in sets of ten, starting with the first ten items in the 

test. The mean item difficulty does not vary dramatically across the first eight 

blocks ranging from .44 to .58. However, for the last two blocks the mean 

difficulty is observably lower (.35 and .28). The standard deviations and ranges 

for the item blocks also reveal that individual items are uniformly more difficult 

in the latter part of the test, especially the last ten items. 

Insert Table 4 about here 

An alternative picture of performance on the Physics Test can be obtained by 

assuming that the mean and median CS are approximately equal. (The mean scaled 

score is 642 and the median scaled score is approximately 635. A difference of 10 

scaled score units corresponds roughly to a difference of one CS unit.) Using the 

correction for guessing formula 

(Mdn = Mean CS) (Mean # right) 

37 = 45 
w 

- 4 
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and working "backwards" gives W = 32. Therefore, on t he average, examinees got 45 

items right, 32 items wrong and left 23 items blank on the 100-item test. 

Summary of Statistical Analys i s 

The foregoing statistica l analysis of the GRE Phy s ics Test clearly indicates 

that the test is inappropriate as an indicator of subject matter achievement for an 

unselected population of stude nts who have completed the BA in physics. 

Approximately 45% of students who complete the BA go directly into the job market. 

Roughly 22% more enter advanced study in programs other t han physics. The remain i ng 

third who aspire to graduate study in physics are undoubtedly the most able students 

yet they experience substantial diff i culty with the GRE Physics Test. 

Of course , the GRE was not designed for administrat i on to an unselected 

population of students with undergraduate degrees in physics. It was constructed to 

be a predictor of success in graduate study and is appropriate only for use within 

the population of ap plicants fo r advanced work in phys i cs. 

Cognitive Process Analysis of the GRE 

Problem Solving in Physics 

Historically, a universal ly stated goal of instruct i on in physics is that 

students become proficient at "solving problems." An examination of college leve l 

classroom tests in physics is li kely to reveal that most, if not al l , questions 

consist of applied problems wh i ch require some comb i nation of factual recall, 

reasoning, and calculation. Typically, problems posed are quite complex and 

require a multi-stage solution which is constructed by the student. Scoring of 

responses usually involves a system of "partial credits" which reflects both the 

quality of the reasoning employed in responding (more important) and the accuracy of 

calculations performed (less important). 

Hewitt (1983) has described the situation frrnn the student's point of view: 
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" S t u d en t s 1 earn v e r y q u i c k 1 y h m~ to p 1 a y t h e ph y s i c s 
course game. The name of the game is problem solving. I 
can remember how I played the game when I was a student. 
Given an assignment (always problem solving), I'd go di
rectly to the back of the chapter and attempt the problems 
first hand. Some I could do because they were like others 
I'd done before. To solve the others I'd go back through the 
chapter looking for the correct formulas. The pages I'd 
read were the ones with formulas and those with sample 
problems and solutions. Some pages were all writing--all 
prose. I had no time for such prose--I had to solve prob
lems! The exams in the course were of course all problems. 
Nothing else. There were no questions calling for qualita
tive explanations. Some problems required a conceptual 
understanding of some of the physics, but not all of them. 
Besides, there was partial credit. What was the value of 
ideas like the conservation of energy? The value was that in 
certain problems you could set mgh = l/2mv2, or in some 
others,= 1/2 mv2 + F•s, and in the F·s part you had tore
member to get your sines and cosines right. Unless physics 
material was a direct aid to solving problems, it had no 
value." (p. 309) 

A significant amount of research on problem solving in physics has appeared in 
.r 
\... the past decade. Among others, the work of Reif (1981, 1982, 1983) Larkin (1980a, 

198Gb, 1981), and Chi, Feltovich and Glaser (1981) has received substantial notice. 

Much of this literature reflects the strong influene of cognitive psychology and/or 

information processing theory. 

Cognitive Processes in Problem Solving 

A common model for research on problem solving has been to compare and contrast 

the solutions to physics problems produced by experts and novices. The results have 

tyically revealed that there is little, if any, correspondence between the 

approaches employed by the two groups. The conceptual framework and reasoning 

patterns of a student are typically quite different from that of the teacher. This 

has lead to a greater interest in a more detailed cognitive analysis of students' 

understanding of basic concepts in physics. 

A somewhat more pragmatic concern for greater emphasis on the student's 

conceptual understanding of physics has been stated by Hewitt (1983) as follows: 
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"Let me put it in very strong terms to make my point:~ 
physics student who lacks a conceptual understanding of 
physics and who is working physics problems is akin to a deaf 
person writing music or a blind person painting. Too many 
physics students are cranking away on analytical problems 
they have no feeling for ·." (Emphasis in original, p. 309) 

Arons (1973) has voiced a similar plea for greater sensitivity to the readiness 

of students when designing questions and assignments: 

"One of the weakest links in our chain of instruction 
consists of the questions and exercises that are embalmed 
at the ends of chapters ... We are desperately in need of 
collections of questions and problems that, sensitive to 
the obstacles that arise in students' minds, lead the 
student through the difficulties and subtleties in think
ing and reasoning that he must face and overcome. We 
need questions that challenge his curiosity and ability 
to perceive relationships but that he can encompass and 
deal with successfully a reasonable fraction of the time .•. 
Above all, we need questions and problems that, gently and 
gradually, lead the student into extending, inventing, per
ceiving questions of his own." (p. 781) 

Following the lead suggested by Arons, Gray and Lockhead (1980) developed a 

two-dimensional framework for constructing questions based upon a general cognitive 

model. The first dimension describes three levels of sophistication required by the 

content of the question. The second dimension represents three types of action 

required by the student in response to the question. The result is a nine cell 

(three X three) table which attempts to describe all varieties of possible questions 

from the easiest (student reflexively executes a "standard" algorithm) to the most 

difficult (student reflectively constructs a transformation of given information in 

order to generate new information). 

A System for Classifying GRE Items 

The two-dimensional model of Gray and Lockhead (1980) was considered to be 

inappropriate for the GRE because it's quite complex and is designed primarily for 

free response rather than choice response questions. However, some of the ideas 

employed by Gray and Lockhead appeared promisisng as a basis for analysis of GRE 
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items. 

The system of categories employed in our analysis is described in Figure 1. 

The system evolved from a series of discussions following ratings of sample items 

contained in the Physics Test Descriptive Booklet (ETS, 1985). The five categories 

are defined in an hierarchical fashion with the cognitively least complex represented 

by Category 1 and the cognitively most complex represented by Category 5. 

Insert Figure 1 about here 

To test the system, 25 items were selected at random from Form GR8677 of the 

GRE Physics Test. These items were given to four judges: two graduate students 

with extensive undergraduate work in physics and two professors, one in the 

Department of Physics and the other in Science Education with an MA degree in 

physics. Each of the four judges independently classified the 25 items using the 

system shown in Figure 1. The results are summarized in Table 5. 

Table 5A shows the inter-judge agreement in terms of the number of judges who 

place an item in the same category. The "level of consensus'' ranges from complete 

agreement (4/4) to complete lack of agreement (1/4). As shown in the table, there 

was agreement as to the cognitive category among at least three of the judges for 17 

out of the 25 items. For seven other items, there was agreement among two of the 

four judges. There was no agreement whatsoever for the remaining item. 

Insert Table 5 about here 

Table 5B presents a distribution according to the modal category of the items 

on which two or more judges agreed. All categories are represented and, given the 

limited number of items, the distribution across categories is roughly uniform. The 

final column of Table 5B gives the mean difficulty level (p) for the items within 

(_ each category. The increasing progression of p-values as one goes down the column 
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is clearly consistent with the notion that the categories are hierarchically ordered 

according to the cognitive demands placed upon the examinee. Therefore, the item 

difficulty data provides support for continued use of a system of cognitive 

categories. 

Summary of Cognitive Analysis 

We believe that the level of agreement among judges should be higher than that 

achieved in Table 5A. Post-rating discussions among the judges revealed that a 

major source .of disagreement is differences in judgments regarding "what a typica l 

examinee knows" at the time of the test administration. To minimize disagreements 

due to substantial differences between the state of knowledge of judges and "typical 

examinees," we intend to refine the definition of certain categories and use a 

second panel of judges consist i ng of seniors and first year graduate students in 

physics. These judges will be hi ghly similar to examinees and will be asked to 

respond in terms of how they actually solve each question. 

The issue of the optimal mix of items across the five cognitive categories is 

admittedly somewhat subjective. Items in Category 5 clearly require a high level 

quantitative ability. However, it is not clear whether the difficulty of such 

items arises from the reasoning process or the complex calculations which are 

required. It would seem that less reliance upon "formula sifting" and greater 

emphasis upon conceptual knowledge could be achieved if more items of the type 

represented by Category 3 were included in place of some items in Category 5. This 

is the direction in which we expect to move in designing an alternative indidcato r 

of performance. 

Survey of Textbook Usage in Undergraduate Physics 

This section of the report is divided into two parts. In the first part, we 

report our study, now essentially complete, of the curriculum in the sample of 80 

schools. In the second part, we report progress on development and testing of our 
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procedures for determining the overlap of the curriculum with the GRE. 

Selection of the Sample 

As described in the proposal, the procedure adopted was to select 80 schools 

representative of four categories of schools in the United States: highly ranked 

schools with graduate programs, highly ranked schools without graduate programs. In 

practice we used the AIP Institute of Physics (Ellis, 1986) listing of institutions 

which offer undergraduate degrees in physics for making the selection. (This was 

made available to us in machine readable form by the AIP.) 

To choose the highly ranked schools offering graduate programs in physics, we 

took the top 20 as listed in the 1982 ranking sponsored by the Conference Board of 

Associated Research Councils (Jones, et. al., 1982). To choose the 20 "other" 

schools offering graduate programs we made a random selection of 20 schools from the 

remaining schools offering graduate programs in the AIP list, weightiny each school 

by the number of physics major graduates in 1985 in making the selection. To select 

the 20 highly ranked schools not offering physics graduate programs, we experienced 

considerable difficulty, because rankings of the sort needed do not appear to be 

available. We used the list of 50 liberal arts colleges participating in the 

Second National Conference on "The Future of Science at Liberal Arts Colleges" 

(Carrier, et.al., 1987), and made a random selection of 20 schools from it, 

weighting each school by the number of physics major graduates in 1985. Finally, we 

made a random selection of 20 more schols not offering grraduate programs in physics 
~ 

from the AIP list. The lists of schools sel~cted by these procedures appear in 

Appendix A. 

The most questionable of these procedures is the one used to select highly 

ranked schools not offering graduate programs in physics. The procedure was forced 

(_ on us by our failure after repeated efforts to obtain any kind of credible ranking 

of such schools frorm any source. The unavailability of such rankings was a 



-11-

~ surprise and appears to us to represent a need for po l icy studies in physics 

education in t he United States. Nevertheless, the list of "highly ranked" 

undergraduate schools which res ulted from the procedure has a certain qual i tative 

plaus i bility as one can see by perusing the list in Appendix A. 

Polling Procedure 

As discussed in the proposal , the analysis of the curriculum was to be based on 

textboks used, because these represent the best standard by which comparisons 

between schools and evaluative i nstruments could be made. Each of the 80 selected 

schools was sent a letter explaining the project and a form asking for 1) the 

number of physics undergraduate majors graduated in the preceding three years, 2) a 

list of physics courses taken by physics majors and the number of physics majors 

taking each listed course in 1985-86, and 3) the textbook used in each co~rse 

1 isted. (A copy of the letter to the schools and the form appers in Appendix B.) 
f 
! After the letter and form were sent and the deadline for response had passed, each 
'-

school which did not respond was telephoned at least once to discover the reason for 

the failure to respond. In many cases, several follow-up calls were made. 

Summary of Results 

Usable data were obtained from 59 schools or about 74% of the sample of 80 

schools. The schools returning data graduated 1083 physics majors in 1986. Data 

were organized in five curr i cu l ar categories, closely paralleling other 

categorizations of curricular material. The categories are: 1) classical and 

analytical mechanics, 2) electricity and magnetism, optics and waves, 3) statisti cal 

mechanics and thermodynamics, 4) quantum mechanics, modern physics and relativity, 

and 5) electronics, solid state and "other." We did not cl assify data on thee try 

level physics course which is offered by almost all schools and which is also t aken 

by science students in many other specialties. 

For each school, data on the number of students taught each of the reported 
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textbooks was entered in a spreadsheet which automatically summed the total number 

of students reported to be taught from that text and the fraction of all physics 

majors taught from the book. The qata are available by each of the four categories 

of school previously described, but we report only the summary data here. (The 

final report on the project will contain more detail.) A list of all the texts 

reported to be taught by any school in the sample appears in Appendix C for 

reference. Table 6 presents data on all textbooks reported to be taught to 10% or 

more of the students in the sample. 

Insert Table 6 about here 

In some cases, the totals in a category sum to more than 100% because students 

are taught from more than one textbook in the category. On the whole, these data 

qualitatively confirm our hypothesis that an accurate idea of the curriculum taught 

in U.S. schools can be gleaned from a relatively small number of textbooks which are 

widely taught. The only exception is in the last category, in which a significant 

number of students are taught courses using no text. Most of these courses are 

courses in electronics. 

Comparison of Curriculum with the GRE 

Using the data obtained in the first phase, we will determine how well the 

curriculum and the GRE Physics Test overlap. This second phase of the study is just 

beginning. The procedure developed is as follows: In each of the five categories 

of subject matter two expert physics teachers are enlisted for assistance and 

presented with a copy of the GRE and a form. On the form, experts are asked to 

evaluate how well each of a list of questions on the GREis "covered" by each of the 

textbooks listed as determined by our survey of the curriculum. (The letter sent to 

experts appears in Appendix D.) The result is a set of numbers, each between 0 and 

1 which can be used together with our data on curriculum in order to determine the 
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degree to which the curriculum "covers" the GRE as described in our original 

proposal. Data are just coming in on this aspect of the study so meaningful results 

are not yet available. 

Further consideration of this aspect of the work makes it clear that it is 

desirable to also obtain information on the degree to which the GRE "covers" the 

curriculum as well. We have designed a procedure for determining this as well, 

using selected questions from the textbooks which we have found mainly define the 

curriculum. This will be carried out as time allows. It goes somewhat beyond the 

scope of the original proposal. 
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Table 1 

Comparison of the Content of GRE a 
With Curricula at Six Institutions 

Percent 
Area GRE Curricula 

Classical Mechanics 18 10 

Electricity/Magnetism, 28 17 
Optics and Waves 

Quantum, Modern, 32 22 
Re 1 ati vi ty 

Thermodynamics/ 7 10 
Statistical Mechanics 

Other (Includes Experimental 15 41 
Methods, Electronics, and 
selected advanced topics) 

100 100 

aCarleton College, University of Chicago, University of 
Illinois-Chicago, University of Minnesota, St. Olaf 
Co 11 ege, and University of r~i nnesota. 
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Intended 
Major 

Physics 

Table 2 

Summary Statistics on General GRE 
Tests for Examinees in Different 

Intended Graduate Major Fields (1981-1984) 

Verbal Quantitative 
N ~~ean S.D. Mean S.D. 

3762 555 126 696 81 

Ana lyti cal 
~1ean S.D. 

615 122 

---------------------------------
Biology 3708 503 114 561 112 545 123 

Cher.1i stry 6175 506 115 631 100 578 124 

Economics 5527 503 129 606 119 559 132 

English 7454 577 111 516 114 553 115 

~·1athemati cs 2806 518 134 672 l 04 607 135 

Philosophy 1336 592 117 582 123 588 123 

Source: Guide to the Use of the Graduate Record Examination Program, 
1986-87. ETS, 1986. 
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Table 3 

Summary of Features of GRE Physics Test 
(Form GR 8677) 

Test length 

Time 1 imit 

Item format 

Scoring system 

Correction for guessing 

Item di ffi cul ty 
(p = proportion correct) 
range 

mean 

f~edi an corrected score ( CS) 
(guessing corrected for) 

100 items 

170 minutes 

5-opt ion t·1C 

single total score (no subscores) 

CS = R - \~ 
4 

. 14 to . 90 

. 45 

37 

Source: Practicing to Take the GRE Physics Test, ETS, 1986 . 
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Table 4 

Summary of Item Difficulties (p) 
for the GRE Physics Test 
for Blocks of Ten Items 

Item Difficulty 

Items Mean so Range 

l-10 .50 . 16 . 19 .75 

11-20 .44 . 12 .32 - .64 

21-30 .46 . 15 .24 - . 71 

31-40 .58 .25 .20 - .90 

41-50 .48 . 17 . 21 - .74 

51-60 .45 . 19 . 16 - .79 

61-70 . 51 . 21 .22 - .89 

71-80 .48 . 17 .30- .77 

81-90 .35 .11 .22 - .57 

91-100 .28 . 10 . 14 - .46 
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A 
Distribution by 

Table 5 

Summary of Ratings of 25 
GRE Items by Four Judges 

B 
Distributiona 

Level of Consensus by t•1oda 1 Category 
Level f Category f 

4/4 7 5 5 

3/4 10 4 2 

2/4 7 3 6 

1/4 2 5 

25 3 

21 

-
_L 

. 30 

.38 

.48 

.56 

.86 

a Only 21 items are shown due to the elimination of three 
items on which there was a 2-2 split among judges and 
one item on which there was no agreement. 
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Table 6 

Authors of Textbooks Used by At Least 
Ten Percent of All Physics Students in the Sample Schools 

Category 1 , t·1echani cs: 

~1a ri on 
Symon 
Fowles.2 
Kleppner 

47.65% 
19.94% 
13.02% 
11.08% 

Category 2, Electricity and Magnetism: 

Griffith 
Hecht and Zajac 
Purcell 
Corson & Lorraine 
Reitz, t~i lford & Christy 

22.99% 
18.65% 
18.1 0% 
17.36% 
16.71 % 

Category 3, Thermodynamics and Statistical Mechanics: 

Reif 42.57% 
Kittel & Kroemer 37.03% 

Category 4, Quantum, Modern Physics and Relativity: 

Eisberg & Resnick 
Liboff 
Gas i orowi cz 
Perkins 
Saxon 

43. 03~~ 
26.87% 
20.22% 
14.40% 
12.56% 

Category 5, Electronics, Solid State, Other: 

No text 
Kitte 1 
Horowitz & Hill 
r~e 11 is i nos 
Boas 

36.66% 
30.38% 
29.09% 
25.02% 
10.43% 
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Figure 1 

Definition of Cognitive Categories 
for GRE Physics Items 

Defining Characteristics 

Correct response achieved entirely from 
recall of specific concepts, definitions, 
equations, etc. 

Correct response achieved from recall 
of specific equation,principle, or 
algorithm which is applied in a straight 
forward manner to a "standard" setting. 
Highly rehearsed process or procedure. 

Correct response achieved through a 
qualitative reasoning process based 
upon the recall of specific concepts, 
equations, etc. and appropriate appli
cation to a "non-standard" setting. 

Examole 

The quantity W in the photoelectric equatio 1 

is the 

(A) energy difference between the two lowes : 
electron orbits in the atoms of the 
photocathode 

(B) total light energy absorbed by the 
photocathode during the measuremem 

(C) minimum energy a photon must have in 
order to be absorbed by the 
photocathode 

(D) minimum energy required to free an 
electron from its binding to the cathoce 
material 

(E) average energy of all electrons in the 
photocathode 

A blackbody at temperature T1 radiates energy 
at a power level of 10 milliwatts (m\V). The 
same blackbody, when at a temperature 2 T1, 

radiates energy at a power level of 

(A) 10 mW (B) 20 mW (C) 40 mW 
(D) 80 mW (E) 160 m\V 

A sample of N atoms of helium gas is confin!d 

in a 1.0 cubic meter volume. The probability that 
none of the helium atoms is in a 1.0 X 10 -s 

cubic meter volume of the container is 

(A) 0 (B) (10-s),v (C) (I- 10-syv 

(D) I- (10- 6)N (E) I 



Figure 1 - Continued 
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Defining Characteristics 

Correct response achieved through a 
quantitative reasoning process based 
upon recall of one or more quantitative 
expressions (or concepts), and appro
priate application to a "non-standard" 
setting. No numerical calculation 
required although manipulation of 
formulas may be. 

Correct response achieved through a 
quantitative reasoning process based 
upon recall of more than one quanti
tative expression (or concept) and 
appropriate application to a given 
"non-standard" setting requiring a 
multi-step calculation. 

Example 

2b 

A small circular wire loop of radius a is located 
at the center of a much larger circular wire loop 
of radius b as shown above. The larger loop 
carries an alternating current I= / 0 cos wt , 
where / 0 and w are constants. The magnetic 
field generated by the current in the large loop 
induces in the small loop an emf that is 
approximately equal to which of the follow ing? 
(Either use mks units and let JJ.o be the 
permeability offree space, or use Gaussian un its 
and let JJ.o be 4rr/ c2.) 

(~)a2 (A) 2 bw cos wt 

(B) (rrpjlo) a; w sin wt 

(c) (. rrpnln \ a . 
\ 2 ) b 2 w s1n wt 

(D) (rrplln) ;
2 

cos wt . 

(~'a (E) 2 ) b sin wt 

When a narrow beam of monoenergetic 
electrons impinges on the surface of a single 
metal crystal at an angle of 30 degrees with the 
plane of the surface, first-order reflection is 
observ~d. If the spacing of the reflecting crystal 
planes IS known from x-ray measurements to be 
3 angstroms, the speed of the electrons is most 
nearly 

(A) 1.4Xl0- 4 m/ s 
(B) 2.4m/ s 
(C) 5 .0X!O~m/ s 

(D) 2.4 X 106 mf s 
(E) 4.5X!09m / s 



Appendix A 

Institutions Included in Survey 



Top 20 Graduate Programs 

~of California - Berkeley 
(415) 642-6000 

Cal tech 
(213) 356-6811 
Or. Politzer 

Harvard 
(617) 495-1000 

Princeton 
(609) 452-3000 

MIT 
(617) 253-1000 

Cornell 
(607) 256-1000 

U of Chicago 
(312) 702-7006 

Stanford 
(415) 497-2300 

Columbia 
(212) 280-1754 
Prof. Alan Blair X3262 

U of Illinois - Urbana Champaign 
(217) 333-1000 

Yale 
(203) 432-4771 
Prof. Edward Hinds 432-3826 

U of California - San Diego 
(619) 452-2230 

SUNY Stony Brook 
(516) 246-5000 
Prof. Muther 

U of Pennsylvania 
(215) 898-3125 
Or. Seven 

U of Washington 
(206) 543-2100 
Or. McDermott 

U of Texas - Austin 
(512) 471-1153 

U of t~aryl and 
(301) 454-0100 
Or. Bardasis 454-3403 

U of California - Santa Barbara 
(805) 961-2311 

U of Wisconsin - Madison 
(608) 262-1234 
Physics 262-1139 

U of California - Los Angeles 
(218) 825-4321 



Randomly Selected 20 Graduate Programs 

U of Massachusett~ - Amherst 
( 413) 545-0111 

Dartmouth College 
( 603) 646-1110 

U of Minnesota - Duluth 
(218) 726-8000 

U of Texas - El Paso 
(915) 747-5000 
Dr. Bruce 747-5715 

Michigan Technological U 
(906) 487-1885 

U of California- Irvine 
(714) 856-5011 

North\ves tern U 
(312) 491-3741 

Lehigh U 
(215) 758-3000 
Dr. Kim 

Iowa State U 
(515) 294-4111 

San Francisco State U 
(415) 469-1659 
Dr. Fisher 

Clarkson U 
(315) 268-6400 

Duke U 
(919) 684-8111 
Dr. Evans 684-8210 

Eastern Michigan U 
(313) 487-1849 
Dr. Kurth 

U of Rhode Island 
(401) 792-1000 

U of r·~a i ne 
(207) 581-1110 

Pennsylvania State U 
(814) 865-4700 
Physics 865-7533 

Wake Forest U 
(919) 761-5000 
Dr. Williams 

Drake U 
(515) 271-2011 
Dr. Stauton 

Rensselaer Polytechnic Institute 
(518) 276-6310 
Prof. Epp 

U of New Orleans 
(504) 286-6000 
Dr. Sullivan 



Harvey Mudd College 
(714) 621-8000 

Beloit College 
(608) 365-3391 
Prof. Gollett 

Antioch Co 11 ege 
( 513) 767-7 331 

Grinnell College 
(515) 269-4000 

Haverford College 
(215) 896-1000 
Jerry Golub 

Whitman College 
(509) 527-5111 
Russell Dettmer 

Bowdoin College 
(207) 725-8731 

Lafayette College 
(215) 250-5000 

Kalamazoo College 
(616) 383-8400 

College of the Holy Cross 
(617) 793-2011 
Robert Gawey 

Top 20 Undergraduate Programs 

Middlebury College 
(802) 388-3711 

Franklin & Marshall College 
(717) 291-3911 

Carleton College 
(507) 663-4000 

Wellesley College 
(617) 235-0320 

Williams College 
(413) 597-3131 
Stuart Crampton 597-2482 

Bates Col l ege 
(207) 786-6320 
t~ark Semens 

Wheaton College 
(617) 285-7722 
Tim Barker 

Hope College 
(616) 392-5111 

Albion Co l lege 
( 517) 629-5511 
David Krammer 629-5817 

Vassar College 
(914) 452-7000 
Robert Stegins 



Randomly Selected 20 Undergraduate Programs 

St.John'sU 
(718) 990-6161 

Seattle Pacific U 
(206) 281-2050 

U of Arkansas - Pine Bluff 
(501) 541-6500 

Depauw U 
(317) 658-4800 

Lincoln U 
(215) 932-8300 

Southerrn Connecticut State College 
(203) 397-4611 

CA State College - San Bernardino 
( 714) 887 -7341 

SUNY College - Genesco 
(716) 245-5210 

Kenyon College 
(614) 427-2244 

Stetson College 
(904) 734-4121 

Calvin College 
(616) 957-6000 

JacKsonville U 
(904) 744-3950 

Luther College 
(319) 387-2000 

Ithaca College 
(607) 274-3013 

Arkansas State U 
(501) 972-2100 

Northwest Nazarine College 
(208) 467-8361 

Rutgers U - Comden 
(609) 757-6159 

James Madison U 
(703) 433-6138 

Buckne 11 U 
(717) 523-1271 

Boise State U 
( 203) 385-1011 
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Appendix B 

Letter and Reporting Form 
Sent to 80 Institutions in Textbook Survey 

l . 
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\name 
\address 
\City,\state 

Dear \salut 

July 1C,l987 

This is to ask your cooperation i n a study of undergraduate 
physics curricula in the United States, sponsored by the U.S. 
Department of Education. The study has two parts: In the first part, 
in which we are asking your institution to participate, we are 
collecting data from 80 schools in order to establish as 
quantitatively as possible what it is that physics departments in the 
United States are trying to teach. The second part of the study will 
evaluate any existing instruments (such as the Graduate Reccrd 
Examination) which test the achievements of physics graduates, in 
order to see whether these instruments actually test what the schocls 
are trying to teach. This is the only such study in the United 
States and we believe tha t it can have implications for phys i cs 
education even beyond its immediate purpose. We therefore ask for 
your cooperation in responding to our questions, which we have made a 
strong effort to make as brief and objective as possible. 

We ask that you provide us with a l ist of all physics courses 
which physics undergraduate majors in your institution take together 
with the text books used and, where ava i lable, the portions of those 
textbooks which are taught in the courses. Where textbooks are not 
used, p l ease indicat e this fact and indicate whatever other 
information you can provide concerning course content (such as , for 
example, a copy of lecture notes which are provided to students. ) 
For each course we ask that you estimate the number of undergraduate 
physics majors which take the course per year. You may omit the entry 
level physics with calculus course from these listings, as thi s is 
not our interest. We provide a form for providing this informat i on to 
us if you find that convenient, but we are happy to accept the 
information in other formats if that is more convenient for you. 
Thank you for your help. We would much rather have partial 
information than no information at all and we therefore ask that y~u 
return all the information you can provide to us as soon as possibl=. 

If it interests you, we would be happy to provide oth=r 
information about the study, including the process by which t:1e 
sample was selected and the results when they are available. Let 'JS 

know if you want this additional information when you respond. Tha.:1k 
you again. 

Sincerely, 

J. Woods Halley 
Professor of · Physics 

' 
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Minnesota Study of Physics Undergraduate Curriculum 
Please return to: J. W. Halley 

School of Physics and Astronomy 
University of Minnesota 
Minneapolis,MN 55455 

Attention: A. Adjoudani 
For inquiries call J. W. Halley, 408-927-2906 

\name 
\address 
\city,\state 

Number of students graduating with bachelor's degrees in 
physics in 1984 ___ ,1985 ___ ,1986 ____ . 

Physics Course Number of Physics Majors 
taking course in 1985-86 

Text and Portions 
Taught 


