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Project Activities 

As outlined in the revised proposal submitted on December 22, 1986, there are 

two major activities related to the task of determining what portion of undergraduate 

learning in physics is generalizable across institutions which vary in size, type of 

funding, etc. The status of each of these activities is described in this report. 

Mail Survey 

The first activity is a mail survey of a national sample of 80 institutions 

designed to obtain listings of undergraduate physics courses, required textbooks, 

and course syllabi. As indicated in the revised proposal (page 6), the 80 institu

tions will be selected according to the following plan: 

Top Ranked Other 

Universities 20 20 

Colleges 20 20 

The rationale behind the sampling plan is simply to guarantee that undergraduate 

programs which clearly vary with respect to size, quality and geographical location 

are included in the sample. 

The survey has not been conducted to date due to problems which have been 

encountered. First, there was a one month delay in obtaining the data base to be 

used in the survey from the American Institute of Physics (Ellis, 1986). Next the 

data base required conversion from one software system into another before it could 

be accessed for our purposes. The conversion has been completed and a computer-

based random sampling procedure to select the sample of "other" institutions has 

been completed and tested. A machine format for entering and processing data from 

the survey has been developed and tested. 

The 20 "to~ ranked" University (PhD level) programs in physics have been 

identified usinq An Assessment of Research-Doctorate P1:·ograms in the United States: 

( 
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'%..,_ ~1athematical and Physical Sciences (Jones, et. al, 1982) as a source. The 20 

l 

"other" universities have been randomly selected. ~Je are presently attempting to 

identify a creditable ranking of physics programs at colleges (BA level only) as a 

basis for identifying the 20 "top ranked" schools in that group. It appears that no 

such ranking exists. If it is impossible to obtain a ranking specifically in 

physics, we will employ a ranking based upon physical sciences more generally. We 

anticipate that the mailing for the survey will take place no later than April 1. 

On-Campus Visits 

The second activity is a series of on-campus visits to obtain more in-depth 

data about undergraduate programs from a smaller group of institutions. As des-

cribed on page 8 of the revised proposal, visits were planned at each of six mid

western colleges or universities in order to collect detailed data via interviews 

with at least two physics faculty members at each campus. This activity has been 

completed. 

A list of midwestern institutions was reviewed in January with a view to 

selecting a representative set of six which reflects a balance among factors such as 

public vs. private support, PhD granting vs. purely undergraduate, and highly rated 

in physics vs. not highly rated. Based upon preliminary discussions, telephone con

tact was made with the department chair (or director of undergraduate studies) at 

ten institutions in a four-state region: Illinois, Iowa, Minnesota and Wisconsin. 

Based upon information obtained in these phone contacts, a final list of six insti-

tutions was selected. The institutions are: Carlton College, University of 

Chicago, University of Illinois-Chicago, University of Minnesota, St. Olaf College, 

and University of Wisconsin. Table 1 presents a summary of selected data on these 

six institutions. Note that all six, except Illinois-Chicago and Minnesota, differ 

from one another in terms of the pattern of characteristics in the first three rows 

of Table 1. These two institutions clearly differ in the size of their programs, 
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both undergraduate and graduate. 

Insert Table l about here 

A letter was sent to each of the six institutions describing the project in 

general terms. TI'I'O summary sheets were enclosed in the letter - one listing infor

mation requested of the department chair and the other outlining the questions to be 

asked of individual faculty members. (See Appendix A for copies of these documents.) 

A request was made to interview four (instead of two) faculty members at each campus 

in addition to the department chair. This request was granted in all cases. The 

visits were made during February and the first week of March. Prof. Terwilliger 

visited Carlton, St. Olaf, and Wisconsin. Prof. Heller visited Chicago and 

Illinois-Chicago. Interviews at Minnesota were conducted by both individuals. 

l. Analyses of Curricula 

( 

Among data collected from department chairs was a listing of all undergraduate ~ 

physics courses offered by each program. Two additional listings were constructed: 

(a) specific courses required of physics majors (given in departmental handbooks and 

class bulletins), and (b) specific courses reco~~ended for physics majors (as 

revealed in sample programs and statements of advice included in handbooks for 

majors). 

These listings of required and recommended courses were then classified into 

ten traditional subject categories within physics. Class credit hours for each 

course were next converted into semester hours (Carlton, Chicago, and Minnesota are 

on academic quarter systems) in order to make comparisons across institutions. The 

results are presented in Table 2. These data should be regarded as "best approxima-

tions" due to: (l) assumptions that were made in convE~rting to semester hours (see 

footnotes to Table 2), and (2) ambiguity in certain course titles and descriptions 

which made judgments about classification of specific course content difficult. 
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f Fortunately, such ambiguity was quite rare. 

' 
Insert Table 2 about here 

It is important to note that the order in which the subjects are listed in 

Table 2 corresponds closely to the order in which they are encountered in an under-

graduate program. Generally speaking, the first subject (General Physics) is taken 

as a freshman, the next three (Waves, Modern and Thermodynamics) are taken as a 

sophomore, the next two (Mechanics and Electricity/Magnetism) as a junior, and the 

next three (Quantum, Electronics and Thermodynamics/Statistical Physics) as a 

senior. Experimental Physics may be taken either as a junior or as a senior. 

Inspection of Table 2 reveals a fairly strong correspondence of curricula 

across the six institutions. Consider first those subjects which are required for 

an undergraduate major. 

l. General Physics - all six require this. Except for Carlton, this is a two or 
three quarter sequence which accounts for roughly twenty percent of the total 
credits in physics required for a major. 

2. Modern Physics - all six require this. Carlton and Minnesota require more than 
one course in this subject. 

3. Classical Mechanics - all six require this with an average of eight percent of 
the total credits in physics. 

4. Electricity and Magnetism - all six require this with an average of nine percent 
of the total credits in physics. 

5. Quantum Mechanics - four of the six require this. The rema1n1ng two schools 
(Carlton and Wisconsin) list it as a recommended subject. 

6. Advanced Experimental Physics - four of the six require this and it is recom
mended at a fifth school (Illinois-Chicago). Chicago does not offer such a 
course but does have a "Bachelor's Thesis" sequence which is taken by relatively 
few seniors. 

There is less concensus with respect to the other subjects. Both "Haves" and 

"Thermodynamics" are required at three schools but the number of credits in each 

1 case is relatively small. Thermodynamics/Statistical Physics is required at only 
\,__ 
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two schools but is recommended as a subject at the other four. "Electronics" is ( 

required at only one school but is listed as a recommended subject at the remaining 

institutions. 

There is one important consideration to keep in mind when comparing required 

courses across institutions. Schools vary significant-ly in the proportion of the 

total credit hours taken by a major which are prescribed in terms of specific course 

offerings. For example, Hinnesota's list of required courses accounts for over 

eighty percent of the credits typically taken by a major whereas Carlton's list of 

required courses represents fifty percent of the credits taken by a major. "Base 

rate" differenc1:;s of this magnitude virtually guarantee that the two schools vJill 

differ on several specific subjects that are required for a major. 

2. Changes in Curricula Over Time 

A longitudinal perspective on undergraduate physics curricula can be gained by 

comparing Table 2 with data reported over three decades ago. A UNESCO report 

entitled A Survey of the Teaching of Physics at Universities (UNESCO, 1966) provides 

interesting data for comparison. That project presented data on the undergraduate 

curricula at four U.S. Institutions (California, Columbia, MIT, and Sv1arthmore) for 

the 1961-62 academic year. A table from that report is reproduced as Table 3. 

There are some interesting similarities between the aggregate results (over insti-

tutions) in Table 2 and corresponding aggregates in Table 3. 

Insert Table 3 about here 

To make comparisons, the values in each row of Table 3 were summed across the 

four institutions. These sums were then divided by the sum of the values in the 

first row (171) to express the credits in each subject as a proportion of the total 

credits in physics. A parallel operation was performed on the values in Table 2. 

In this case the total number of physics credits over the six institutions is the 
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( 
._"--

Finally, the proportions for Table 3 were "adjusted" to reflect the fact that 

that table gives ~inim~ requirements which average 43 credits total, whereas Table 

2 gives reco~~ended courses which average 55 credits total. Therefore, the Table 3 

proportions were multiplied by 43/55 to make the figures more comparable. The 

results of these calculations are presented in Table 4 using the same physics sub-

ject headings as appear in Table 3. 

Despite the fact that the two sets of data represent two completely different 

g r o u p s of i n s t it u t i on s at tv1 o v e r y d iff e rent p o i n t s i n t i me , t h e g en e r a l " p r of i l e s " 

of the undergraduate physics curriculum are quite similar. The following statement 

applies equally to both data sets: General Physics is an important foundational 

course sequence while Mechanics, Electricity and Magnetism, Quantum/Atomic (Modern), 

and Experimental Physics all play significant roles in the undergraduate curriculum. 

Insert Table 4 about here 

3. Comparisons Among Institutions 

A final analysis of the course data from the six midwestern institutions was 

performed in an effort to determine the degree of similarity among all possible 

pairs of institutions. Such results are of potential value in detecting clusters of 

institutions which have high similarity. Conversely, this type of analysis is also 

useful for identifying any institutions which may have unique patterns of course 

requirements. The index of similarity which was calculated is the proportion (p) of 

subjects at one institution which are also part of the curriculum at a second insti-

tution. These proportions were calculated two different ways: (a) using only sub

jects listed as required, and (b) using subjects listed as required or reco~~ended. 

For example, Carlton lists eight required subjects (those with asterisks in 

column one of Table 2 plus an independent "Integrative Study" project required of 
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all seniors). Minnesota lists nine required subjects (those with asterisks in 

column four of Table 2). There are six required subjects in common for Carlton and 

t~innesota (those with asterisks in both columns one and four of Table 2) so the 

proportion of required subjects at Carlton also required at Minnesota is 6/8 = .75. 

Note that the proportion of required subjects at Minnesota also required at Carlton 

(6/9 = .67) is not the same due to a difference in the number of subjects required 

at each institution. A second calculation was made using all subjects (either 

required or recommended) listed in Table 2. On that basis, the proportion of 

subjects required or recommended at Carlton also required or recommended at Minne-

sota is 9/ll = .82 and the proportion of required or recommended subjects at Minne-

sota also required or recommended at Carlton is 9/9 = 1.00. 

Defining the index of similarity using only subjects required at a given pair 

of institutions results in a "lower bound" estimate which is likeley to be a quite 

conservative reflection of similarity. On the other hand, including both required 

and recommendec subjects at a pair of institutions yie.lds a rnore liberal "upper 

bound'' estimate of the similarity between the two curricula. 

Table 5 presents the similarity indices for all pairs of institutions in the. 

form of a rnatrix. The institutional name on each row of the rnatrix identifies the 

school which serves as the basis for the calculations in that row. The first value 

given in each cell is the "lov1er bound" index and the second value is the "upper 

bound" index. For example, the values previously given relating t:linnesota to Carl-

ton (.75 and .82) are in the cell which is the intersection of row one and column 

four. The values relating Carlton to t~innesota (.67 and 1.00) appear in row four 

and column one. The two values which appear on the diagonal cells of the matrix 

give the number of subjects employed as the denominator in calculating the "lower" 

and "upper bounds" for each institution, e.g. for Carlton, the number of required 

subjects (nl) is eight and the number of required or recommended subjects (n2l is 

( 
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Insert Table 5 about here 

The similarity indices for required subjects range from .50 to 1.00 with a mean 

value of .74. There is clearly substantial concensus among these institutions. 

Both extremes involve Wisconsin because that department lists only five required 

subjects. Consequently, a relatively small proportion of required subjects at other 

institutions is also required at Wisconsin (see last column of Table 5) but a large 

proportion of required subjects at Wisconsin are also required elsewhere (see last 

row of Table 5). To a lesser extent, the same pattern is true of St. Olaf which 

lists only six required subjects. There do not appear to be any distinct clusters 

among institutions based upon similarity of required subjects. Also, no institution 

stands out as especially unique. 

The similarity indices based upon required and recommended subjects range from 

.70 to 1.00 with a mean of .87. The average here is indicative of a remarkable 

degree of agreement among these ins t itut itons concerning the "core" of the under-

graduate physics curriculum. Chicago has the lowest average index (.74) and St. 

Olaf has the highest (.98). Again, there do not appear to be any distinct clusters 

among institutions. 

Summary 

The data presented in Table 2 supports the conclusion that there is a distinct-

ive set of "core" subjects in undergraduate physics, viz. a substantial introductory 

course (typically one year) in General Physics along with courses in Modern Physics, 

Classical Mechanics, Electricity and Magnetism, Quantum Mechanics, and Experimental 

Physics. Subjects which are frequently recommended but are not "core" subjects 

include Oscillations and Waves, Electronics, and Thermodynamics and Statistical 

Physics. 
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Data presented in Tables 3 and 4 indicate that the "core" subjects in physics ( 

have not changed significantly over the past 35 years. Of course, this does not 

imply that the content within each subject area has not changed. As the frontiers 

of the discipline advance, new concepts and knowledge build upon old. However, the 

subject matter categories which represent the evolving structure of knowledge in 

physics are quite stable. 

Finally, data presented in Table 5 reflect a high degree of concensus about the 

undergraduate physics curriculum across six institutions which vary greatly in type 

and size. Using a conservative definition of "core" subjects, the average index of 

similarity for required subjects is .74. Using a more liberal (and probably more 

realistic) definition of "core" subjects, the average ·index of similarity for 

required and recommended subjects is .87. 

-c 
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Table l 

Summary of Selected Data 
on Six Institutions Visited 

Institution 

Illinois-
Carlton Chicago Chicaqo r~i nne sot a St. Olaf Wisconsin 

Public Support No No Yes Yes No Yes 

Highest Physics Degree BA PhD PhD PhD BA PhD 

Top Ranked a Yes Yes No No No Yes 

1985-86 Ph~sics Enrollments 

Freshmen b l 0 50 32 45 35 18 
Sophomores b 12 40 18 34 28 12 
Juniors 26 34 12 37 16 33 
Seniors 18 26 37 36 12 58 

Undergraduate total 66 150 99 152 91 l 21 
Graduate total 131 64 127 195 

1985 Physics Degrees 

Bachelors ll 28 5 27 14 31 
PhD 18 l ll 17 

a Ranking of PhD programs is based upon Jones, et. al. (1982). 
Ranking of BA programs is based upon personal knowledge of the programs. 

b Freshman and Sophomore data are very tentative due to the fact the students do not 
formally declare a major until their Junior year at most institutions. 
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Table 2 

Approximate Number of Semester 
Hours Work Recommended in Specific Subject Areas 

Within Physics at Six Institutions Visited 

b ~.uti on 
Subject ----

a 
Carlton 

a,b 
Chicago 

Illinois
Chicago 

a 
f~i nnPsota - St Olaf Wisconsin 

General Physics 
(including lab) 

~!aves 

Modern 

Thermodynamics 

Classical Mechanics 

Electricity and 
~~agneti sm 

Quantum Mechanics 

Electronics 

Thermodynamics/ 
Statistical Mechani 

Advanced Experimental 
Physics 

Other Physics 

Total Physics 

cs 

I 

I 
I 

4* 1 0* 

4* --

6* 3* 

2* 3* 

4* 7* 

4* 7* 

4 3* 

4 3 

2 3 

4* -

18 13 

56 52 

12* 13* 13* 1 0* 

4* 3* -- 3 

4* 9* 5* 3* 

4* - - -

4* 1-* ,) 4* 3* 

8* 5* 4* 3* 

8* 3* 4* 6 

4 6* 8 4 

4* 3* 4 3 

4 3* 3* 2* 

12 n 4 7 

68 6"1 49 44 

a Carlton, Chicago, and Minnesota are on an academic quarter system. Quarter hours 
were converted into semester hours by multiplying by 2/3. 

b Chicago and St. Olaf do not give different credits for different courses - each 
course counts as one "unit." Based upon the total units required for the major at 
each institution, one unit at Chicago was counted as five quarter hours and one 
unit at St. Olaf was counted as four semester hours. 

* Required for physics majors. 

( 

( 
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Table 3 

Minimal Requirements for an Undergraduate Major 
in Physics at Four Institutions (1961-62) 

Subject California 1 Columbia MIT 

Physics (total) 34 41 56 
General physics, including 
laboratory3 12 13 20 
Mechanics 5 6 4 
Electricity and magnetism 6 6 
Electromagnetic radiation 

including physical optics 3 3 4 
Thermodynamics and statistical 

mechanics 4 
Experimental physics3 2 4 12 
Quantum mechanics and 
atomic physics 6 6 8 

Other physics 3 4 
Mathematics (total) 16 18 18 

Calculus, analytical geometry 16 12 9 
Differential equations 3 3 
Other mathematics 3 6 

Chemistry (total) 10 6 13 
General chemistry 10 6 10 
Other chemistry 3 

Other subjects in science, 
electrical engineering, or 
mathematics 
(electronic networks, etc.) 10 

Swarthmore• 

40 

8 
8 
4 

4 

4 

4 
12 
24 
16 

8 
8 
8 

1. Note that in addition to the required courses listed here, other courses (three semester-hours 
of thennodynamics, two additional hours of experimental physics, two of other physics, 
three of differential equations, and three of other mathematics) are recommended to physics 
students at the University of California and are usually elected by them. 

2. The honours programme for physics majors~ 
3. One semester-hour of laboratory represents two or three clock hours. 
4. All of the Swarthmore physics courses have laboratory work associated with them. 

Taken from page 78 of, A Survey of the Teaching of Physics at Universities. 
UNESCO ( 1966). 
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Table 4 

Comparison of Undergraduate Physics 
Curricula in 1961-62 and 1986-87 

Proportion of Tota 1 
Credits in Physics 

Subject 1961-62 1986-87 

General Physics .24 . 19 
(including labs) 

Mechanics .11 .08 

Electricity/Magnetism .07 .09 

Physical Optics . 06 

Thermodynamics/ .02 .06 
Statistical 

Experimental Physics .09 .05 ( 
Quantum Mechanics/ .11 . 14* 

Atomic Physics 

Column Total . 70 . 61 

*Based upon sum of credits for "f~odern 11 and "Quantum ~1echanics" in Table 2. 
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Table 5 

Curriculum Similarity Indices for 
All Pairs of Six Institutionsa 

Illinois- Row 
Carlton Chicago Chicago Minnesota St. Olaf Wisconsin Mean 

Carlton 
nl = 8 .62 .75 .75 .62 .62 

n2 = ll .73 . 91 .82 .73 .82 

.62 nl = 8 .75 .62 .62 .50 

.80 n2 = 10 .80 .70 .70 .70 Chicago 

. 75 .75 nl = 8 .88 .62 .50 

.90 .80 n2 = l 0 .90 .80 .90 Illinois-Chicago 

.67 .56 .78 nl = 9 .67 .56 

l. 00 .78 l. 00 n2 = 9 .89 l. 00 Minnesota 

.83 .83 .83 l. 00 nl = 6 .83 

l. 00 .88 l. 00 l. 00 n2 = 8 l. 00 St. Olaf 

l. 00 .80 .80 l. 00 l. 00 nl = 5 

l. 00 .78 l. 00 l. 00 .89 n2 = 9 Wisconsin 

a The first value in each cell is the ratio of the number of commonly required 
subjects in the column institution and row institution divided by the number 
of required subjects in the row institution. 

The second value is a corresponding ratio using both required and recommended 
subjects. 

Numbers in the diagonal cells are the number of required subjects (n 1) and the 
number of required and recommended subjects (n 2) at each institution. 

.67 

.80 

. 62 

.74 

.70 

.86 

.65 

.93 

.86 

.98 

.92 

.93 
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A-1 

I am wri·.~ing as a follow-up to my recent phone call concerning a possible 
visit to your department. As I stated over the phone, two colleagues and 
I are engaged in a study of undergraduate learning in physics. 

As a first step we are attempting to learn more about the physics curriculum 
in a sample of colleges and universities. In particular, we wish to visit 
a small number of institutions to interview the department chair (or the in
dividual responsible for coordinating undergraduate instruction) and at least 
four faculty members responsible for teaching "core" courses required of 
undergraduate majors in physics. Ideally, we would like to interview faculty 
members teaching required courses at the sophomore, junior and senior levels. 
I expect individual interviews to take no more than 30 minutes. 

I have enclosed tvw summary forms which list the type of information we are 
seeking from the department chair and individual faculty members. It would 
be helpful to have the faculty information forms distributed to the appro
priate individuals prior to the date of the interviews. 

I will be in touch again within a few days to make more specific plans for 
a visit. It is my hope to arrange a visit to your department sometime prior 
to March l . 

Thank you for your cooperation with our project. 

Sincerely, 

James S. Terwilliger 
Professor 
Educational Psychology 

JST/bj 

Enclosures 



Curriculum Data 

A-2 

Information Requested from 
Physics Department Chair 

l. Listing of all undergraduate physics courses offered, including 

a. approximate (+ 5%) annual enrollment 
b. title and author(s) of required textbook(s) for each course 

2. Copy of materials distributed to undergraduate majors in physics, including 

a. general description of undergraduate program 
b. requirements for admission to program 
c. listing of all required courses for undergraduate physics majors 
d. requirements for graduation 

3. Has the undergraduate curriculum changed over the past five years? If so, 
how? 

4. Do you anticipate changes in the undergraduate curriculum over the next five 
years? If so, how? 

Student Data 

1. Approximate number(~ 5%) of students 

a. annually (over past three years) apply to the undergraduate major in physics 
( b. annually (over past three years) admitted to the undergraduate major 
\~ c. currently enrolled as undergraduate majors 

l 

d. annually (over past three years) graduate from the undergraduate program in 
physics 

2. Approximate percent (~ 5) of graduates during the past three years who: 

a. entered graduate programs in physics 
b. entered graduate programs in fields other than physics 
c. entered jobs which specifically require training as a physicist 
d. entered jobs which do not soecifically require training as a physicist 
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Information Requested from 
I ndi vidual Physics Faculty Members 

TeachiDg Experience 
( 

1. Total years teaching experience 

2. Years at current institution 

3. Years teaching courses currently being taught 

Course Related Data 

l. Undergraduate courses taught in past three years 

2. Undergraduate courses currently teaching 

a. number of credits carried by course 
b. hours of lectures/recitations/labs per week 
c. name and author(s) of required text(s) 
d. copy of course syllabus 
e. listing of required projects, assigned problems, lab reports, etc. 
f. copy of course quizzes 
g. copy of final course examination 
h. policy regarding use of crib sheets, calculators, etc. on examinations 

NOTE: All materials provided to our project will be held in strictest confidence. 
Samples of quizzes and examinations are being sought to obtain a more precise . 
idea of the learning outcomes judged to be most important by course instructor( 

'--

General Philosophy and Practices in Judging Student Performance 

l. Relative importance attached to student ability to: 

a. give correct definitions of basic concepts 
b. supply standard techniques to solve problems 
c. interpret data from well described experiments 
d. design experiments to answer specific questions 
e. other 

2. Criteria employed in scoring/grading student work 

a. right/wrong vs. partial credit 
b. factors considered in partial credit 

3. Relative importance attached to various factors in assigning course grades to 
students, including: 

a. lab v/ork (if any) 
b. major projects (if any) 
c. class recitation 
d. homework problems 
e. course quizzes 
f. major course examinations 
g. final course examinations 
h. other 
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Physics Faculty Interview Form 

Institution Date ----------------------------------------- -------------

Faculty Member ---------------

Number of Courses Taught Past Three Years 

Course(s) Currently Taught 

Course # _____________ _ 

Title ----------------------------------------------------
Credits ------

Minutes/Week: Lecture -- Recitation Lab ____ _ 

Text(s): Required-------------------------------------------------

Other ------------------------------------------------------------

Relative importance of learning outcomes 

Criteria employed in scoring/grading work 

Relative importance in assigning course grades 

a. lab e. quizzes 

b. projects f. maJor exams 

c. recitation g. final exam 

d. homework h. other 


