
ABSTRACT

A STUDY OF JUNIOR COLLEGE LEVEL PHYSICS

IN GERMAN SPEAKING EUROPE

BY

Roderick Douglas Riggs

The purpose of the study was to analyze physics

instruction in the countries of west Germany, Austria, and

German speaking Switzerland at educational institutions

that offered instruction at a level comparable to that

found in the junior colleges of the United States. This

analysis of German physics teaching was then compared to

the physics instruction offered at Jackson Community

College.

Staff members and students were interviewed at

thirty educational institutions and six governmental

agencies in the three European countries. The study was

conducted during the time period between January and May

of 1969. Educational institutions visited included

Gymnasien, universities, Technische Hochschulen, a Pada-
 

gggische Hochschule, a Polytechnikum, Kollege, a
  

Berufsschule, H6here Lehranstalten, and a Technikum.
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The author also visited physics classes to observe teach-

ing techniques and to become familiar with the learning

environment in each school.

Data were collected under the three major headings:

students, curriculum, and evaluation. Comparisons of

findings were made among these three major categories for

the three European countries and then with Jackson Com-

munity College.

Findings and conclusions for physics programs at

the European educational institutions and Jackson Com-

munity College were presented also. Under the category

of students, findings and conclusions were presented in

these specific areas: student admission processes,

socio-economic backgrounds of students, student vocational

aspirations, and the percentage of students successfully

completing the various physics curricula at each type of

educational institution.

Under curriculum, findings and conclusions were

presented in the following areas: the types of physics

curricula offered at each of the schools, a determination

of the level of sophistication of these physics offerings,

the level of mathematics studied by students who were

enrolled in physics, and a discussion of the total physics

teaching environment, including the pedagogical techniques

used by the various teaching staffs.
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Under the topic of evaluation, findings and con—

clusions were presented concerning evaluation at entrance,

evaluation in physics during matriculation, and evaluation

processes conducted at the conclusion of the school

experience.
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CHAPTER I

THE PROBLEM

Statement of the Problem
 

The purpose of the study was to analyze physics

instruction in the German speaking countries of West

Germany, Austria, and German speaking Switzerland at

educational institutions that offered instruction at a

level comparable to that found in the junior colleges of

the United States. This analysis of German physics teach-

ing was then compared to the physics instruction offered

at Jackson Community College. Thus, the Jackson Community

College physics program served as the basis of reference

for the study. It was felt that by making such a compar-

ison there would be information, insight, techniques,

programs, and other possible facets of physics instruction

in German speaking Europe that could be of value to Jack-

son Community College. If Jackson Community College were

a representative example of the comprehensive junior



college1 in the United States, then there was the possi-

bility that other similar institutions could profit from

this study.

Need for the Study
 

The desire for excellence in United States junior

college physics instruction can best be comprehended by

analyzing the part that these junior colleges play in

relationship to the total picture of higher education in

the United States. The American Association of Junior

Colleges2 listed some 931 institutions for the academic

year 1968-69 with a total enrollment of 1,860,000 students.

This compared to 2,847 institutions of higher education3

with a total student enrollment of 7,235,186 students.

Thus, the junior college represents a significant fraction

of our higher education establishment. If one analyzes

these figures to look only at the education of freshmen

and sophomores, the junior college takes on even greater

 

1The comprehensive junior college or community col-

lege is identified by the objectives of providing college-

parallel instruction, terminal-technical instruction, pro-

grams for general education, continuing and adult education,

counseling and guidance services, and makes these programs

available to all high school graduates under what is called

the "open-door policy."

2Edmund Gleazer, "The Junior College Picture,"

Junior College Journal, XXIX (March, 1969), 24.
 

3The National Beta Club, 1969-1970 College Facts

Chart (Spartanburg, S.C.: The National Beta Club, 1969),

p. 62.
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importance. The junior college is also a rapidly growing

part of higher education, and there is every reason to

believe it will play a still more important role in the

future.

To turn to physics instruction specifically, the

junior colleges are providing and expect to continue to

provide quality physics instruction. These institutions

will face this challenge during what has been referred to

as a crisis period in physics education. The number of

students who take physics in high schools has been decreas-

ing at an alarming rate. The drop was from 25.8 per cent

in 1948-49 to 19.6 per cent in 1964-65.1 This decrease

was taking place in an increasingly technical environment

when the demand for people with some science background

was increasing at a high rate. This concern extended to

higher education as well. The professional physics com-

munity has agonized because there seemed to be too few

physics majors in 1966 and 1967 to fill the demands of

that time. Then in 1969 and 1970 there appeared to be too

many physicists for the available market. This situation

related to the supply of graduating physics majors at the

Bachelor's, Master's, and Doctor's levels. Since the

junior college deals with students at a much lower level

 

lWayne W. Welch and Herbert J. Walberg, "Are the

Attitudes of Teachers Related to Decreasing Percentage

Enrollments in Physics?" Science Education, LI (December,

1967), 436-42. ‘

 



than the senior and graduate institutions, it is difficult

to define the role of the junior colleges in the develop—

ment of professional physicists. It is much simpler to

chart the growth of higher educational opportunities in

the United States, note the increasing contribution of

the junior colleges to this total growth, and predict that

junior colleges will teach physics to a sizable student

population in the coming years. This is an important

task regardless of what vocation these students choose

and can be regarded as significant if only to satisfy the

arguments of those who feel that some college level phy-

sics is a necessity for the well-rounded, college educated

citizen in modern technical America. Regardless of what

conclusion is drawn, however, there is no question that

the junior college will teach physics to a significant

number of students. This college-parallel function is

only one facet of junior college physics programs. Cer-

tainly the other objectives of a comprehensive junior

college will have an impact on the physics programs

offered since students other than transfer physics majors

will also take physics during their freshmen and sopho-

more years.

The role of a physics program in such an environ-

ment of contrasting objectives is rather interesting

since there are different physics courses at Jackson Com-

munity College designed for each of the institutional



objectives with different student inputs. In other words,

such a physics program is unique from virtually any exist-

ing high school, college, or university program; and so

there may not be much assistance available by observing

working models at these institutions. On the other hand,

the junior college is in the position of providing the

solutions to the problem itself; and the source of

solutions could lie almost anywhere students study phy-

sics. Thus, it appeared appropriate to look in a part of

the world that provided much of the existing physics her-

itage to see if current practices could contribute any-

thing to the United States junior college.

Delimitations of the Study
 

It must be recognized that there is no existing

European educational institution that is the exact equiv-

alent of the United States junior college. Therefore it

was necessary to investigate physics instruction at a

variety of educational institutions that served students

in the same approximate age range as found in the junior

college. Also the combination of objectives from these

various EurOpean institutions was compared to that found

at the junior college level. To establish a basis for

comparison, a spectrum of institutions was studied.

Included were the general and technical universities,

the various types of Gymnasien found in the three
 



countries, the engineering colleges, and other special

purpose institutions that provided high school programs

for adults.1

Plan of the Study
 

Chapter II includes a survey of the pertinent

literature related to physics instruction in German speak-

ing Europe as found in both foreign and United States

publications.

The procedure and methodology used in conducting

the study and in obtaining the data are presented in Chap-

ter III.

Chapters IV, V, and VI present the findings of the

study as derived from the observations made and the data

extracted from the questionnaires. There were some fifteen

major questionnaire topics,2 many of which had several sub-

parts. Not all of the data collected from this broad range

of questionnaire topics can be regarded as pertinent to

this study, and thus is not included in this report. Those

major characteristics which were singled out for comparison

come under the general headings of Students, Curriculum,

and Evaluation. Within each of these major divisions,

the educational institutions from each of the three

 

1A glossary of terms relating to the educational

programs of German speaking Europe is found in Appendix A.

2The complete questionnaire is included in Appen-

dix B.



countries were analyzed and compared to Jackson Community

College. This allowed for comparisons between correspond-

ing institutions from the European countries and also

allowed for the comparison of all European institutions

with Jackson Community College.

A summary of the findings and conclusions is

presented in Chapter VII along with suggestions for future

research. A special attempt was made to identify those

aspects of the European physics programs which would be

of value to the Jackson Community College program.



CHAPTER II

REVIEW OF THE LITERATURE

The survey of current literature concerning the

topic of physics instruction in German speaking Europe

revealed a lack of information available in either English

or German language books or periodicals. After a brief

historical introduction, the literature pertaining to

each of the respective countries will be presented sepa-

rately.

Boltonl discussed the historical development of

the German Gymnasium and related it to the Gymnasium in
  

Switzerland and Austria. This turn-of-the-century

picture described the pattern of Gymnasium types that
 

are still present today in all three countries. He

included many of the requirements for teaching in these

schools. A certain amount of practice teaching was

2
required of all teachers in Germany in 1897. The

physics program was spread over the last five years of

 

1Frederick Elmer Bolton, The Secondary_School Sys-

tem of Germany (New York: D. Appleton and Co., 1900),

pp. T-130

 

21bid., p. 80.



l
the Gymnasium. Bolton also concluded that the insti-
 

tution most closely comparable to the high school in the

United States was the German Realschule.2

3

 

Holme offered some insight into the development

of universities in the United States in relation to their

German influences; but he also indicated the close rela-

tionship that existed prior to 1920 among the German

speaking countries of Germany, Austria, and Switzerland

regarding systems of education, even to specific subject

areas such as physics. The scope and content of most pro-

grams was almost exactly identical.

West Germany
 

It is appropriate that while considering physics

in the school programs of West Germany some background

concerning the general school environment be cited.

Because of the responsibility of the United States for

education during the occupation following World War II,

there is a good deal of information regarding the general

school program of West Germany.

 

lIbid., pp. 251-52.

21bid., p. 355.

3E. R. Holme, The American University: An Aus-

tralian View (Sydney, AustraIia: Angus and Rdbertson Ltd.,

1920) ' pp. g-lao
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Pilgertl discussed the policies of the United

States and their relationships to the reconstruction of

the West German school system following World War II.

Prange and Lindegren2 presented the curriculum

and subjects carried by students in the elementary and

secondary schools according to the type of school and the

age of students enrolled for a number of West German

states. Their data reflected the situation in 1954, a

period of intense United States interest during the occu-

pation. In 1954 the elementary school consisted of only

eight years. (In 1969 it was nine.)

McKay3 described the extreme change in German

schools immediately following World War II. He pointed

out that the schools appeared to change markedly between

1932 and the end of the war. McKay further pointed out

that in the years since World War II the school program

had reverted to its 1932 status.

 

1Henry P. Pilgert, The West German Educational

System (Historical Division, Office of the Executive Sec-

retary, Office of the U.S. High Commissioner for Germany,

1953).

 

2U.S., Department of Health, Education, and Welfare,

Office of Education, Division of International Education,

"Education in the German Federal Republic," Studies in Com-

parative Education (Washington, D.C.: Government Printing

Office, November, 1954).

 

 

3Llewelyn R. McKay, "The 'New Look' in West German

Schoolsfl'Historyiof Education Journal, VII (Summer, 1956),

144-51.
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A more recent document was a bulletin of the

United States Department of Health, Education, and Wel-

fare--Office of Education1 which described in a rather

comprehensive fashion the school programs in West Germany

from pre-elementary through the university level as of

1959. This document described in particular detail the

requirements for the various types of certificates and

degrees. It also indicated where physics was a part of

the more general program.

Wenke2 discussed the specific objectives of the

various schools in West Germany, and this presentation

allowed a much clearer classification of institution by

objectives. It was interesting to note that there were

no comprehensive institutions at the elementary and

secondary levels; and that according to their objectives,

most existing institutions had only one specific purpose.

Although beyond the scope of this study, it was

of interest to note the contrasting situation in East

 

1U.S., Department of Health, Education, and Wel-

fare, Office of Education, Educational Data: Federal

Republigyof Germany, Information on Education Around the

WOrld, Pubn. 35 (November, 1959).

 

 

2Hans Wenke, Education in Western Germany; a Post-

War Survey (Washington, D.C.: Library of Congress, Refer-

ence Department, European Affairs Division, 1953), pp. 48-

63.
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Germany as described by Smart1 where it is indicated that

there had been a serious attempt to develop comprehensive

school programs to include more of the masses and not to

become as selective at the secondary level as was the case

in west Germany. The East German school program had taken

many of its elements from the program in the United States,

according to this author.

Hirlekar2 gave an outsider's impression of West

German education. He was particularly shocked to find

that only 19 per cent of the West German youngsters began

the Gymnasium with the other 81 per cent remaining in the
 

elementary school. Another point for those who wish to

compare the Gymnasium with the high school in the United
 

States was the fact that less than 4 per cent of the West

German nineteen- and twenty-year-olds finished the Gym-

nasium and successfully passed the comprehensive exami-

nation, the Abitur.3

 

1K. F. Smart, "Education in East Germany," Educa-

tional Forum, XXV (May, 1961), 463-71.
 

2Yamunabai Hirlekar, Education in Germany; Per-

ggnalllmpressions and Experiences (Bombay, India: (Popular

Book Depot, 1955).

 

3Ibid., p. 40-43.
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Lindegrenl presented yet another look at the entire

spectrum of West German education from pre-elementary to

university with comments on specific subject areas such as

physics and mathematics. The book contained a good deal

of historical material and showed how the current school

pattern was really a return to the routine of the 1920's.

Hylla and Kegel2 discussed yet another post-World

War II phenomenon, the influence on education of the great

influx of refugees from East Germany during the years

1945-1957. They were primarily Protestant from industrial

centers in East Germany and were quite a contrast with

the rural Catholics of the Bavarian South. The book also

contained a discussion of the teaching of physics in the

3
elementary grades.

Blattner4 presented a comparison of the Gymnasium
 

of West Germany with the high schools and universities of

 

lU.S., Department of Health, Education, and Welfare,

Germany_Revisitgd; Education in the Federal Republic (Wash-

ington, D.C.: Government Printing Office, 1957).

 

2Erich J. Hylla and Friedrich O. Kegel, Education

in Germany; An Introduction for Foreigners (2nd ed.; Frank-

furt on Main, West Germany: Hochschule ffir Internationale

Padagogische Forschung, 1958), p. 11.

 

 

31bid., p. 61.

" 4Fritz Blattner, Das Gymnasium; Aufgaben der

theren Schule in Geschichte und Gegenwart (Heidelberg,

West Germany: Quelle und Meyer, 1960), pp. 443-46.
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the United States from a German point of view and made a

strong argument that the German Gymnasium system of edu-
 

cation was superior to the educational program of the

United States.

Huebnerl wrote of the general characteristics of

West German education in the late 1950's and also pre-

sented an impressive array of statistical data on a

variety of school programs for the various states of

West Germany. The book showed the relative enrollments

as a function of time for the time period from 1945 to

1960.2

Arlt3 discussed a facet of education unique to

west Germany, the Kolleg. This "second way" to the Abitur,

without attending the Gymnasium, allowed an avenue for
 

university admission to those who had been unable to par-

ticipate in the long nine-year Gymnasium program.
 

The state of North Rhine-Westphalia published an

annual report to the pe0ple of that state in the form of

 

1Theodore Huebner, The Schools of West Germany: A
 

Study of German Elementary and Secondary SchooIS (New York:

New York University Press, 1962).

21bid. ’ pp. 52-53.

3Fritz Arlt, Der Zweite Bilduegsweg (Munich, West

Ghrmany: Isar Verlag, 19587.
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a book by the Ministry of Culture.1 It discussed the role

of the Kolleg in the total scheme of education and how the

physics curriculum in the Kolleg was comparable to that

found in the last three years in a Gymnasium.2 The fact
 

that all educational programs within North Rhine-Westphalia

were under the control of the state was illustrated in

this document.

Whiting3 pointed out yet another pressure on

almost all of the elementary and secondary school programs

in West Germany. This pressure was brought about by the

various church denominations. This situation became quite

complex since the church groups were intimately involved

with the political parties and the churches were financed

by public taxes. Added to this was the fact that many

schools financed primarily by public funds were directly

operated by churches. Bavaria seemed to have the most

complicated relationship involving the Catholic church,

the political climate, and public funds, with both cler-

ical and lay faculty teaching in public and private schools.

 

1Bildungswege an den Schulen des Landes Nordrhein-

Westfalen (Rotingen, West Germany: A. Henn Verlag, 1964).

21bid., p. 22.

3Charles H. Whiting, "Religion and Politics in

German Schools," Educational Forum, XXXII (November, 1967),

93-96.
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Bavaria has been moving in a direction that tends

to simplify the situation somewhat. The relationship

between the church and the schools is not quite as direct

as once was the case.1

Warren2 outlined the system of technical education

in west Germany, the highest level of general technical

 

instruction being found at the Polytechnikum, or engineer-

ing college. The Technische Hochschulen, or technical
 

universities, prepared engineers with a more scientific

and research orientation and were more rigorous than the

Polytechnickum.
 

The best information related to specific West

German educational institutions was found in the catalogs

of the respective institutions. These are listed in the

Bibliography.

An excellent compilation of West German school

statistics was found in the series of pamphlets published

 

1Bayerischen Staatsministerium ffir Unterricht und

Kultur, Schulordnungeund Ausffihrungsbestimmungen ffir die

Gymnasien in Beyern 1968 (Munich, West Germany: Franz X.

Seitz und Val. Hofling, 1969).

 

 

2Hugh Warren, Vocational and Technical Education:

A Com arative Stud of Present Practice and Future Trends

en Ten Countries (Paris: United Nations,EducationaI,

Scientific, and—Cultural Organization, 1967), pp. 112-14.
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annually by the Statistisches Bundesamt, Wiesbaden.l The

most recent publication date was for the year 1967 and

contained the student populations for various school

levels in all the types of elementary and secondary schools

for all eleven West German states.

Another recent publication of extremely high

quality that related to the entire West German educational

2 The booklet concen-scene has been written by Knoll.

trated on recent trends in higher education as found in

the universities and advanced technical schools.

The book that is most highly recommended to those

interested in West German education by the Bonn educational

3 Thisoffice has been written by Schultze and Ffihr.

volume contained descriptions of all the educational

enterprises by state and by type including the statements

of philosophical objectives for each. A wealth of recent

statistical information was presented as well.

lStatistisches Bundesamt, Wiesbaden, Bevolkerung

und Kultur, Fach-Serie A,A11egemeinbi1dende Schulen 1967

ZStuttgart und Mainz, West Germany: W. K. Kohlhammer

GmBH, 1969) .

 

2Joachim H. Knoll, The_German Educational System

(Bad Godesberg, West Germany: Inter Nationes, 1967Y.

 

3Walter Schultze and ChristOph Ffihr, Schools in

th€3 Federal Republic of Germany (Weinheim, West Germany:

Veriag Julius Beltz, 1967).
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The Council for Cultural Cooperation in Strasbourg,

France, has published a series of descriptions of school

systems for each of the European countries.1 The beauty

of the presentations was that the same format was used

for all countries, and this allowed comparisons of program

to be made much more easily. 1

To appreciate fully the place that science, and

particularly physics, has at the university level requires

that one investigate the source of funds for research and

instructional programs. There are a number of large West

German business and industrial firms that generously sup-

port science programs. One of these is the VOlkswagen

Foundation.2 Without the support of such firms it would

appear that the physics programs at the university level

could suffer greatly.

A general picture of physical research activities

along with the source of funds for these activities was

presented in the 1959 edition of Deutsche Forschunge
 

1School Gystems, A Guide: Federal Republic of

German (Strasbourg, France: Council for Cultural Coop-

eration , 1965) .

2Bericht 1967: Stiftung Volkswagen zur Forderung

V01} Wissenschaft end Technik in Forschung und Lehre

GCJttingen, West Germany: Vandenhoeck und Ruprecht, 1968).
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Gemeinschaft.l Although somewhat dated, it was the most
 

recent compilation of such collected information.

Although there has not been too much interest in

West German physics instruction as evidenced by the

United States journals, Sears2 has written of a European

conference held in Paris in 1960, sponsored by UNESCO to

appraise the status of physics instruction at the secon-

dary level. This same conference has been described by

several other authors.

Buchta3 was one of these authors; and he concluded

that the European physics educators, including West Ger-

man, had the same problems as their counterparts in the

United States, and that one of the tasks was to make

physics more relevant to the world today so that the sub-

ject would be more appealing to a greater segment of the

student population. Other conclusions reached included

raising physics teacher salaries, having only physicists

teach physics, and encouraging universities to keep in

touch with secondary schools.

 

1Deutsche Forschungs Gemeinschaft: Aufbau und Auf-

aben (Wiesbaden, West Germany: Franz Stéiner Verlag GmBH,

1959).

 

2Francis W. Sears, "International Conference in

Physics Education," American Journal of Physics, XXIX

(March, 1961), 151-60.

 

3J. W. Buchta, "Physics Education: An Account of

the Paris Conference," Physics Today, XIV (January, 1961),

28-29.
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Fox1 also wrote on the 1960 Paris Conference from

the point of view of the European physicist. Fox chaired

one of the panels which was charged with making recommen-

dations for a new European secondary level physics

sequence. He indicated that West Germany did not appear

to be too sympathetic to such a new physics sequence.

Clarke2 also wrote of this proposed new secondary

school physics program and cited some of the problems that

faced European physics such as teacher shortages, improper

approach to the teaching of physics as a set of dull facts,

poor laboratory facilities, and poor programming of exam-

inations.

Wilkinson3 stated that in West Germany, the needs

of the country took priority over the needs of the students.

With this philosophy, it was easier to understand how a

country would concentrate on a gifted few, with less con-

cern about the quality of education for the vast majority

of students. Wilkinson also noted that there seemed to be

a greater respect for teachers and education in general in

 

1F. W. Fox, "Physics for European Secondary

Schools," Science Teacher, XXVIII (September, 1961) 15-19.
 

2Norman Clarke, "The Teaching of Physics in

Schools," Phyeics Todey, XIV (January, 1961), 30-38.
 

3Paul A. Wilkinson, "Science Education in Europe,"

Science Education, XLVIII (October, 1964), 340.
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Europe. Wilkinson argued that there was value in taking

what was good from the European program and adapting it to

needs in the United States.1

Another factor that had implications for physics

instruction was the gradual return of West Germany to its

own complete control of science activities.2 France had

supervised the West Germans in nuclear reactor research

since there was, and is, great concern about the ability

of West Germany to utilize such research for military

purposes. This supervision was gradually being reduced,

and there is now a sizable nuclear capability in West

Germany. Such autonomy could stimulate the physics pro-

grams from top to bottom as this facet of research is

opened up to the west German scientific community.

Abelson3 discussed this tremendous resurgence in

West German technology and indicated some of the reasons

that stimulated the activity. First, the West Germans

spend little on defense budgets and could concentrate on

non-military technology. In addition, they appear to be

hard working; and their research was extremely well-

coordinated.

-—k

lIbid., pp. 341-44.

2John Lambert, "Power and Politics," Science News,

XCIV (November 2, 1968), 454.

 

3Philip H. Abelson, "German Technological Resur-

gence, " Science, CLXV (July 25,1969), 339.
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Probably the most definitive article relating

directly to West German physics instruction found in the

United States literature was by Liischer.l Dr. Lfischer

is currently a professor at the Munich Technische Hoch-

schule and has spent several years as a professor at the

University of Illinois. This range of experience pro-

vided an excellent background for comparing the systems

of physics instruction found in the two countries. Dr.

Lfischer was also the President of the Bavarian Physics

Society for 1969-70. (The results of several interviews

with Dr. Lfischer are presented in Chapter IV.)

In the article Dr. Lfischer presented statistics

showing the physics preparation of students in the Gym-

nasium prior to matriculation at the university level,

typical courses of study for physics majors at the uni-

versity level, and the places where graduating physi-

cists found employment. Dr. Lfischer also listed the types

of programs in physics instruction available at all the

West German universities. There was a discussion of the

typical background of students entering university level

physics for West Germany and also for the United States.

Dr. Lfischer felt that the West German system of education

tended to overemphasize the humanities at the expense of

the sciences and that the best students would not choose

 

1Edgar Lfischer, "Physics in West Germany," Physics

Today, XIX (August, 1966), 46-54.
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science as a vocation. He further stated that he felt

the educational situation in the United States had a

better balance between the humanities and the sciences.

He said further that this was more conducive to good

science education and stimulated the better students to

enter scientific and technical vocations.

Austria

Much of the Austrian mode of school operations

could have come from the general German influence that

prevailed over both countries, going back to the Hapsburg

monarchy and the common language bond even before Hitler

took over Austria in 1938.

Dottrens1 documented some of the more recent

history of Austrian education during the difficult time

between the two world wars. He felt that in spite of the

problems, Austria, especially in the city of Vienna, was

far ahead of other European countries that he visited

during 1926-27.

An excellent description of more recent Austrian

school programs was found in a UNESCO publication of 1966.2

This account detailed typical curricula for elementary

 

1Robert Dottrens, The New Education in Austria

(New York: John Day Company, 1930), p. 2.

 

2United Nations, Educational, Scientific, and Cul-

tural Organization, WOrld Survey of Education: IV, Higher

Education (Paris: UNESCO, 1966), pp. 190-201.
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and secondary schools according to school type and also

presented statistics concerning enrollments.

Another comprehensive discussion of secondary

school programs in Austria was found in a book by von

Klemperer.1 A great many statistics on school enroll-

ments were cited for the academic year 1959-60.

The School Reorganization Act of 19622 was one of

the most significant events in Austrian school history.

Although all of the titles have not yet been implemented,

the complete act provided for a sweeping reformation of

the entire school system. One of the titles provided for

the extension of the Gymnasium from eight years to nine
 

years.

The actual description of the types of schools

authorized under the 1962 Act with the syllabi for each

course was found in the Bundesgesetzblatt ffir die Republik
 

Osterreich.3 As an example, under the subject area
 

 

1Lily von Klemperer, A Survey of Austrian Education

and Guide to the Academic Placement of Students from Austria

in EducatIOnal Institutibns in the United States of America

(New York: World Education Series, 1961).

2Federal Ministry of Education, Austria, School

Grganization Act 1962 (Vienna, Austria: Austrian Federal

Press, 1965).

 

3Bundesgesetzblatt ffir die Republik Osterreich

(Vienna, Austria: Osterreichesehen StadtsdruCkerei}
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Physikl in the second class of the Gymnasium the class
 

would meet two class hours per week, and during that year

the following topics would be covered under the intro-

duction: measurement of length, area, volume, weight,

mass, and time. Next the structure of material is intro-

duced with molecules, atoms, and compounds. This con-

tinued with another five major topics and some forty

subtitles. This detail in the syllabi was carried out

in all subject areas for each school level. The con-

ception of local control appeared to be present in Austria

only with regard to a few types of specialized vocational

schools.

The Council for Cultural Cooperation2 has published

a review of Austrian education similar to that cited

earlier for West Germany. The document on Austria con-

tained a significant amount of statistical data regarding

student enrollments in various types of schools for the

years 1960-1965. In addition, it cited the percentage of

a particular age group enrolled by school types. This

assisted in getting an accurate picture of the relation-

ship of various schools to the total youth population.

 

lIbid., p. 1,811.

2School S steme, A Guide: Austria (Strasbourg,

France: Council or CfiItural Cooperation, 1965).
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Goldfarb1 has written one of the very few

descriptions of Austrian physics education. It began

with a general description of the Austrian school pro-

gram and then took up physics instruction as it was

found in the various types of Gymnasien. There was a
 

short discussion of physics programs at the university

level and on the qualifications of physics instructors

at both university and Gymnasium level.
 

Specific physics programs were found in the cata-

logs of a number of the Austrian schools. These catalogs

are listed in the Bibliography.

Switzerland
 

Probably the most provocative discussion of Swiss

education versus education in the United States has been

written by Admiral Rickover.2 His basic hypothesis was

that the average Gymnasium graduate in Switzerland had
 

received a better education and was academically superior

to recipients of the bachelor's degree in the United

States. The book included a variety of data to support

this argument. Disregarding the more controversial

aspects of the book, it should be noted that his

 

1Albert M. Goldfarb, "On the Education of Physi-

cists in Austria and Israel," American Journal of Physics,
 

2Hyman George Rickover, Swiss Schools and Ours;

Wh Theirs Are Better (Boston: Little, Brown, and Co.,

1962).
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discussion of the Gymnasium programs of German speaking
 

Switzerland in the cities of Basel and Zurich was

extremely lucid and complete. The appendices of the

book contained complete syllabi, course descriptions,

and program outlines for all types of Gymnasien found
 

in German speaking Switzerland.

The German speaking population of Switzerland

was dominant since it constituted 69.3 per cent of the

total1 and was concentrated in the northern and eastern

regions of the country which bordered on West Germany

and Austria.

UNESCO has compiled a good deal of statistical

information regarding Swiss school programs, and included

in one publication a discussion of physics and mathematics

in the various types of secondary schools.2

Pro-Helvetia, the public relations arm of the

Swiss Federal Republic, has published a number of small

pamphlets and brochures describing various aspects of

Swiss education that had physics instruction as a part of

their total program. Two rather general pamphlets which

1Hans Bauer, All About Switzerland (Zurich,

Switzerland: Swiss National TouriSt Office, 1968). p. 22.

2United Nations, Educational, Scientific, and

Cultural Organization, World Survey of Education: IV,

pp. 1,057-68.
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gave a background to the total school spectrum were Swiss

Schools1 and Education in Switzerland.2
 

A number of organizations in Switzerland have

become concerned about adult education and particularly

the need for more mathematics and physics by mature mem-

bers of the community. Schneebeli3 discussed this and

indicated the trends in adult science education for the

future.

The Swiss National Tourist Office has published

a short document describing the universities of Switzer-

land.4 It gave an excellent overview of higher education

in the entire country.

Again, the Council for Cultural Cooperation5 has

published a summary of Swiss education with accompanying

statistics. These documents on all three of the European

 

lEugene Egger, Swiss Schools (Zurich, Switzerland:

Pro-Helvetia, 1967).

2Eugene Egger, Education in Switzerland (Zurich,

Switzerland: Pro-Helvetia, 1968).

3Robert Schneebeli, Adult Education in Switzerland

(Zurich, Switzerland: Pro-Heivetia, 1968).

4Central Office of the Swiss Universities, Swiss

Universities (Berne, Switzerland: Swiss National Tourist

Office, I967).

SSchool Systems, A Guide: Switzerland (Strasbourg,

iFrance: Council for Cultural Cooperation, 1965).
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countries of interest provided most accurate bases for

comparison of programs.

Catalogs of the various Swiss universities and

technical schools were of value and are listed in the

Bibliography.

The literature pertinent to Jackson Community

College consisted of the most recent catalog1 and the

statistics relating to student characteristics which

were a combination of reports from the American College

Testing Service and the Registrar of Jackson Community

College.

The literature cited in this chapter has been

presented according to country, and within each country

an attempt has been made to cite literature of a general

nature and then to focus on the specific area of physics

instruction.

lJackeon Community College Catalog, 1968-70 (Jack-

son, Mich.: Jackson Printing Co., 1968).

 



CHAPTER III

PROCEDURE AND METHODOLOGY

The time period from January 21, 1969, to May 15,

1969, was spent visiting educational institutions, minis-

tries of education, and related enterprises in the three

countries of west Germany, Austria, and German speaking

Switzerland. The geographical locations of the cities in

the three countries visited were within a circle of 150

miles radius with Munich, West Germany, at the center.

The only city outside this circle was Vienna, Austria,

which was located approximately 250 miles east of Munich.

Prior to leaving for Europe, letters had been

written to a number of European universities requesting

an opportunity to visit their institutions. Enclosed

with each request was a letter of introduction written

by Dr. Stanley Ballard, Chairman of the Physics Depart-

nent at the University of Florida. Dr. Ballard was also

President of the American Association of Physics Teachers

for 1968-69. Dr. Ballard's letter proved to be most

helpful in establishing rapport with the European physics

community.

30
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Although a European itinerary was carefully planned

before leaving the United States, there were considerable

deviations made in the final execution as the result of

suggestions and recommendations made by various European

educators during the planned visitation program.

The formality of contacting the appropriate min—

istries of education in the countries visited was followed

rigorously. Many of the educators in the Gymnasien felt
 

that the Ministry should be informed prior to any visit

to their school. Not only did the visits to the minis-

tries follow protocol, but ministry representatives were

most helpful in suggesting educational institutions for

possible investigation and gave general approval to the

study being conducted.

To gather the necessary data, a total of fifteen

educational institutions and two ministries of education

were visited in West Germany. Ten educational insti-

tutions and three ministries of education in Austria were

visited. In German speaking Switzerland there were visi-

tations at five educational institutions and at the Zurich

1 Table 1 indicates the variousoffice of Pro-Helvetia.

components which contributed to the study. Staff members

at each of the various institutions were subjected to a

comprehensive questionnaire to gather data that was of

 

1Pro-Helvetia is the public information arm of

the Swiss Federal Government.
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value in the comparisons made. It was possible to spend

considerable time at most of the institutions talking

with administrators and staff plus making observations,

visiting classes, and speaking to students in addition to

using the questionnaire.

The procedure that evolved in most cases began

with a letter to the institution of interest stating the

nature of the study being conducted and indicating the

approval of the Ministry of Culture. The letter of intro-

duction from Dr. Ballard, previously mentioned, was

included with the credentials of the investigator. This

letter usually stimulated a response extending an invi-

tation to visit the school. A phone call was then made

confirming a date and time. The first meeting with most

of the schools was with the chief executive or one of his

administrators. The initial meeting often included a pro-

fessor of English in case some translation assistance

proved necessary. There were few problems; and interviews

were conducted in English or German, with a mixture some-

times being used. Typically, the physics staff was called

in later in the day; and a discussion then took place in

the presence of the chief executive. A tour of the entire

school facility followed, and this process usually con-

cluded the first day.

This initial visitation was followed within a day

or two by another visit to speak with the physics staff



34

individually, to sit in on various physics classes, to

observe the lectures, and to talk informally with students.

On several occasions a return visit included a lecture by

the investigator to a student class on some topic in

physics or more often to discuss higher education in the

United States with particular reference to the junior col—

lege. Such lectures included ample time for questions and

answers and proved to be an excellent place to prove stu-

dent feelings on a variety of educational topics.

The types of institutions visited in all three

countries included various types of Gymnasien, engineering
 

colleges, general universities, technical universities,

teacher training institutions, and schools for remedial

education for adults. All of these schools had programs

of physics instruction.

The questionnaire allowed the gathering of a

variety of information. Principle questionnaire headings

included:

Basic data on institution

Interviewees

General descriptive data on students and

school calendar

Institutional objectives

Relationship of school to environment

Teaching staff

Student input

Completion data

Curriculum

Pedagogical techniques

Evaluation

Mathematics related to physics programs

Key physical principles--when and where intro-

duced

N
Q
H
E
Q
'
I
J
L
‘
J
U

O
W
?

3
1
'
"
|



35

N. Look to the future

0. General comments based upon observations.

This same questionnaire was completed for Jackson

Community College and thus served as the basis for com-

parisons. After consideration of the questionnaire

results, it was decided to structure the presentation

of the findings of the study in a manner somewhat dif—

ferent from the order in which the data were taken. Thus

the major topic regarding Students in Chapter IV combines

findings from questionnaire items C, E, G, and H. The

second major topic, Curriculum, in Chapter V, combines

data from questionnaire items I, J, L, and M. The final

major topic, Evaluation, found in Chapter VI, includes

the data from questionnaire item K. Thus, not all of the

data collected with the questionnaire are included in the

findings of the study. Complete data from items A, B,

D, F, N, and O are not presented in the study; but some

reference to this information is cited where appropriate

in the discussion of the three major topics in Chapters

IV, V, and VI.

There was some concern about being able to estab-

lish comparability between Jackson Community College and

existing European educational institutions. Thus it was

decided to concentrate on those institutions that appeared

to have similar objectives to those of Jackson Community

College. Thus the Gymnasien and universities were to be
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compared to the college preparatory and college-parallel

function of the junior college, the engineering colleges

to the terminal-technical programs of the junior college,

.and the Kollege to the adult and continuing education role

of the junior college. Although this was the original

plan, there were no hard and fast preconceptions made con-

cerning the objectives of European educational institutions

that could have interfered with other kinds of comparisons.

To further assist in establishing this compara-

bility, it was decided to investigate a student age span

in EurOpe well below to well beyond the average junior

college age span of eighteen to twenty-two years.



CHAPTER IV

FINDINGS OF THE STUDY--STUDENTS

The findings concerning students enrolled in

various physics curricula in European institutions and

Jackson Community College are presented in this chapter.

A brief description of each educational institution,

including its type and size is given along with the sex

ratio of the students enrolled, daily and weekly student

schedules, the annual school calendar, the admission

process, and the socio-economic backgrounds of the stu-'

dents. Student vocational aspirations and the percentage

of students who successfully complete the different pro-

grams are also discussed. The same format is used to

describe West German students enrolled at the Gymnasien,
 

the universities, the Polytechnikum, and the Kollege. A
 

similar presentation is made for Austrian students enrolled

at the Gymnasien, the universities, and the Hohere Lehran-
  

stalten. The presentation of information on the students

in Switzerland includes those from the Gymnasien, the
 

universities, and the Technikum. The final section in
 

this chapter discusses the physics students at Jackson

Community College.

37
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In each institution, only those students taking

physics will be included in the findings. The discussion

may still be generalized, however, since all of the stu-

dents in the Gymnasien of West Germany, Austria, and
 

Switzerland take several years of physics. All students

of the west German Kolleg take physics, as well as all

students of the West German Polytechnikum, the Austrian
 

Hohere Lehranstalt, and the Swiss Technikum. Not all
  

university students in any of the countries take physics;

so only those students taking physics during the early

years of their university preparation are included.

Schedules and calendars are also common to the physics

students and others in any given place.

Students--West German Gymnasium
 

The Gymnasien visited in West Germany included the
 

Christoph Scheiner Gymnasium at Ingolstadt, a mathematics

and science Gymnasium for boys; the Maria-Theresia Gym-
 

nasium at Munich, which was also a science and mathematics

Gymnasium for boys; the Katharinen Gymnasium at Ingol-
 

stadt, which was a combination modern language and social

 

science Gymnasium for girls; the Gabriele Gymnasium at

Eichstfitt, a fine arts Gymnasium for boys and girls; and
 

the Reuchlin Gymnasium at Ingolstadt, which was a combi-

nation classical and modern language Gymnasium for boys
 

and girls. Enrollments varied widely. Scheiner had 1,070

total students and included only 45 girls. Maria Theresia
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had 980 students, all boys; while Katharienen had 750

girls and no boys. Gabriele had a total of 410 students,

140 girls and 270 boys. Reuchlin had 710 students with

568 boys and 142 girls. This sampling was hardly adequate

to permit one to generalize on the male versus female

enrollments in West German Gymnasien, but one gained the
 

impression that boys outnumbered girls by a wide margin.

The 1967 statistics for West Germany confirmed this empha-

sis on Gymnasium education for boys, showing more than

1

 

two boys enrolled for every girl.

The interview with Oberstudiendirektor Heinz

Friedberger2 of the Katharinen Gymnasium in Ingolstadt

was quite revealing concerning student enrollments in

West Germany. He supported the observation that a Gym-

nasium education for a girl was regarded as the exception

rather than the rule, but that more and more girls were

coming to the Gymnasium, attracted primarily to the social
 

science and modern language offerings in many of the Gym-

nasien. He also cited some Bavarian statistics on Gym-

nasien that indicated the relative popularity of the

 

1Statistisches Bundesamt, Wiesbaden, Bevolkerung

und Kulturl Fach-Serie A, Allegemeinbildende Schulen 1967

(Stuttgart and Mainz: W. K. Kohlhammer GmBH, 1969), p. 8.

 

 

2Interview, Heinz Friedberger, Director of the

Katharinen Gymnasium, Ingolstadt, West Germany, on

February 4, 1969.
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various types of schools. Thirty years ago there were

only two types of Gymnasien, the classical schools and
 

the mathematics and science schools; and the classical

schools were the more common. In Bavaria during 1969

there were 102 classical Gymnasien and 156 mathematics
 

and science Gymnasien. The bigger change, however, was
 

revealed by the fact that there were 222 modern language

Gymnasien and 37 social science Gymnasien in addition to
  

the two older types. Furthermore, the evidence indicates

that the newer Gymnasien were increasing in numbers every
 

year at the expense of the classical Gymnasien, which were
 

rapidly fading to relative obscurity.

The daily schedule followed by the students in all

the West German Gymnasien visited was very similar. School
 

met from eight in the morning through one in the afternoon

with a twenty-minute break some time in the forenoon,

usually about ten-thirty. Classes met for approximately

forty-five minutes with five minutes between classes.

School was in session six days per week, Monday through

Saturday. Many students returned to the Gymnasien in the
 

late afternoon to participate in such elective subjects

as art, music, and an extra foreign language. This meant

that students were enrolled for twenty-five to thirty-five

class contact hours per week. In the first three years

of study the load was usually twenty-eight to thirty con-

tact hours. During the next three years this load peaked
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at thirty to thirty-five contact hours. In the final three

years, the load dropped back to about twenty-five contact

hours. Any student who took extra electives had the above

loads plus the elective subjects. It was not unusual for

a student in his fourth, fifth, or sixth year of the Gym-

nasium to carry a total weekly load of thirty-five to

forty contact hours.1

The annual school calendar for Bavaria involved

thirty-six to thirty-eight weeks of classes each academic

year. The school year began in the fall; and it observed

a Christmas vacation of several weeks, an Easter vacation

of three weeks, and various other holidays, which left

only a six-week vacation in the summer.

Most students entered the nine-year West German

Gymnasium at the conclusion of the fourth year of primary
 

school. Thus, Gymnasium students ranged in age from ten
 

to nineteen years. In May of the fourth year of primary

school, the young student was required to take an exami-

nation at the Gymnasium.where he or she wished to enroll.
 

The examination was administered by the Gymnasium staff
 

and consisted of a German language examination and a

mathematics examination. If a student had not done as

well as hoped, a follow-up oral examination was usually

1Interview, Andreas Geier of the physics staff,

iglleiner Gymnasium, Ingolstadt, West Germany, on January 31,

(39.
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administered to determine qualifications for admission.

It was interesting to note that although the West German

Gymnasium was still regarded as a rather selective insti-
 

tution, all staff members interviewed concluded that about

90 per cent of the students who applied to the Gymnasien
 

were admitted. The students admitted to the Gymnasium,

however, constituted only about 20 per cent of all the

students completing the fourth year of primary school.1

The other 80 per cent continued on in the primary school

or transferred to the Mittelschule, often called the
 

Realschule. This 20 per cent figure was the same figure
 

quoted by most West German teachers and school adminis-

trators as their estimate of the percentage of eligible

students transferring to the Gymnasium at the end of the
 

fourth school year.

The socio-economic backgrounds of the West German

Gymnasium students appeared to be in part a function of
 

the type of Gymnasium as well as a function of the
 

location of the school. Seventy-five per cent of the

students from Scheiner Gymnasium came from middle class

families with very few rural farming families or urban

professional families. For the most part, students at

the mathematics and science Gymnasien came from families
 

With parents who had not themselves attended Gymnasien.

1Huebner, The Schools of West Germamy, p. 55.
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This contrasted with the situation at the classical Gym-

nasien. The great majority of the students attending the

Reuchlin Gymnasium, Ingolstadt, came from professional

families with Gymnasium backgrounds.l There was another
 

student component at Reuchlin made up of students who

were studying to enter the priesthood. For the most part

these students came from the rural agricultural part of

Bavaria.

One could generalize that the great majority of

Gymnasium students came from middle and upper class fami-
 

lies with both an increasing percentage and absolute num-

ber of students coming from lower, working, and rural

agricultural classes. Many of the interviewees commented

that twenty years ago the students who attended the Gym-

nasien were those who came almost exclusively from upper

class families.

The educational aspirations of the Gymnasium stu-
 

dents were virtually the same. The students planned to

enroll in some type of post-Gymnasium education leading
 

to one of the professions.

The vocational aspirations of the Gymnasium stu-
 

dents varied with the school visited. At Gabriele in

Eichstatt, most of the students planned to enter the

field of elementary teaching. This training program

 

1Interview, Heinz Modesto of the physics staff,

Reuchlin Gymnasium, Ingolstadt, West Germany, on February 21,

1969.
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required three years of schooling at a teacher training

college, Padegogische Hochschule, after completion of the
 

Gymnasium program. Students at Scheiner Gymnasium were
 

split among law, medicine, engineering, business; and

about 25 per cent of the students planned to enter pri-

mary or secondary teaching. Maria-Theresia in Munich had

a higher percentage of students interested in engineering

as a career but still split almost equally among the pro-

fessions of law, medicine, pharmacy, social work, and

law. Reuchlin students had no predominent vocational

preferences but did include the clergy, teaching, medi-

cine, law, and business. A study of all Gymnasium stu-
 

dents in Frankfurt, in the Land of Hesse,l showed that

male students had the following vocational preferences:

engineers, 25 per cent; Gymnasium teachers, 13 per cent;
 

law, journalism and social work, 18 per cent; business

and economics, 10 per cent; medicine and dentistry, 10

per cent; and the remaining 20 per cent split among ele-

mentary teaching, science, philosophy, and religion.

This same survey for girls showed: undecided, 12 per cent;

teaching, 43 per cent; medicine, chemistry, pharmacy,

and related sciences, 18 per cent; non-academic vocations,

16 per.cent; humanities, economics, and social work, about

. 1"The VOcational Desires of Grammar School Learn-

lngu" Education in Germany, IVd (February, 1964), 2-6.
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10 per cent. This survey appeared to confirm what was

observed during the Bavarian Gymnasium interviews.
 

One of the significant observations made in the

Gymnasium studies related to the percentage of entering
 

students who ultimately completed the full nine-year pro-

gram. At all five Gymnasien visited, there was a general
 

concensus that only 30 to 35 per cent of those students

who entered successfully completed the nine-year program.

Based upon the 20 per cent of the total student population

initially enrolled in Gymnasien, this 30 per cent success
 

figure would suggest that approximately 6 to 7 per cent

of the total age group successfully completed the Gym-

nasium program. This 6 to 7 per cent estimate compared

most favorably with the combined West German statistics,

which for the years 1963 and 1964 showed that 7.2 per cent

of the young people at the age of nineteen to twenty years

had successfully completed the Gymnasium program. Of
 

those who finished, only 27.9 per cent were girls.1 Another

area of consensus among Gymnasium officials concerned the
 

percentage of their graduates who continued on to some

type of higher education, either at a university or at

one of the forms of Hochschule. All five Gymnasien indi-
 

cated that between 90 and 95 per cent of their graduates

continued their educations at some institution. Again,

 

1"West German School Statistics," Education in

Germany, IV (April, 1965), 21.
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it is well to remember that even though the previous dis-

cussion related to general Gymnasium student population,
 

this also applied to the students who took physics since

all West German Gymnasium students were enrolled in sev-
 

eral years of physics classes.

Students--West German University

The institutions of higher education visited

included the University of Munich and the Munich Tech-

nische Hochschule, both located in Munich. Another

university visited was the University of Erlangen-

Nuremberg at Erlangen. The fourth institution visited

was an elementary teacher training college, the Pada-

gogische Hochschule at Eichstatt. The University of

Munich and the University of Erlangen were very similar

in terms of objectives and student population. Only

those students enrolled in their first physics programs

were investigated to any extent. At Erlangen, with a

total student enrollment of 9,257 for academic 1968-69,

548 were enrolled in the various beginning physics

sequences. This last number included science and mathe-

nmtics students in addition to the beginning medical,

dental, and pharmacy students. More than 90 per cent of

the physics students were male. Most of the females

enrolled in physics courses were studying medicine. Sim-

ilarly at the University of Munich, of a total student

enrollment of 24,300 for 1968-69, 1,175 students were
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enrolled in the first physics sequences. More than 90

per cent of this group were male students. At the Munich

Technische Hochschule, of a total student enrollment of

approximately 8,000 students in 1968-69, some 2,000 were

enrolled in the first physics sequences. This unusually

high percentage was due to the fact that all of the stu-

dents at the Technische Hochschule were in some applied
 

science program, and beginning physics was a required

part of all such curricula. Although there were no sta-

tistics available, Professor Lfisher estimated that less

than 5 per cent of the physics students were female.1 The

Padagogische Hochschule at Eichstatt had a total student

enrollment of 350 with almost exactly the same number of

males and females. Each year about thirty-five of the

students took a combination chemistry-physics sequence

which taught a review of Gymnasium physics coupled with
 

a discussion of teaching methods for elementary school

science. The physics students were approximately half

males and half females. From the number of male students

enrolled in an elementary teacher training school, one

might expect that a higher percentage of West German ele-

mentary school teachers were male than in the United States.

Classes at all four of the institutions of higher

education ran from 8:00 A.M. to 5:00 P.M. Monday through

 

1Interview, Edgar Lfischer of the physics department,

Munich Technische Hochschule, Munich, West Germany, on

April 25, 1969.
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Friday with students attending only those classes in

their respective curricula, much the same as students in

American colleges and universities. There was no com-

pulsory class attendance, and all students had a good

deal of freedom. This was in great contrast to the

highly structured Gymnasium program these students had
 

just completed. Both the University of Munich and the

Munich Technische Hochschule had classes scheduled on

Saturdays because of the crowded classroom situation.

There were, however, no beginning physics classes sched-

uled on Saturday at any of the institutions. The average

class load of the physics students varied from the twelve

to twenty contact hours per week carried by the students

at the Padagogische Hochschule to the twenty-five contact
 

hour loads carried by students at the Universities of

Munich and Erlangen. Even heavier loads were carried by

the students at the Munich Technische Hochschule, where

beginning students carried from twenty-five to thirty

contact hours per week. The annual school calendar of

the west German institutions of higher education consisted

of approximately thirty to thirty-two weeks of classes

which were spread uniformly throughout the calendar year.

The first, or winter, semester began November 1, included

a two-week Christmas vacation, and ended approximately
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February 15. The second, or summer, semester began between

April 15 and May 1 and continued into July.1

The admission criterion for all institutions of

higher education in West Germany was the same. If a stu-

dent had successfully completed the Gymnasium program,2
 

he was eligible to be admitted to any university or Hege-

schule in the country. Thus, the students under consider-

ation here ranged in age from nineteen to twenty-two.

Students without the Abitur were not admitted.

There were a very few exceptions to this rule in the Hege-

schulen and then only in a few special curricula. The

medical schools also had several variations on this basic

Abitur requirement. A student who applied to a medical

program was not necessarily admitted to the program

because of the shortage of medical training facilities.

A medical school applicant also must have taken Latin in

the Gymnasium and have passed a written examination in

the subject as a part of the Abitur requirement. If a

student were not immediately admitted to a medical school,

he could enroll in the university and transfer to the

medical school as space opened or even change universities

 

1The University of Erlangen began and ended semes-

ters at the ends of the months so that students renting

private rooms were not penalized by paying for facilities

when they were not in school.

2In West Germany completion is certified through

a final comprehensive examination called the Abitur.
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when and if an opening became available. This severe

west German medical school enrollment problem was being

articulated through a central clearing house located in

Hamburg.

Professor Jakob Kranzl of the Physics Department

at the University of Munich had some statistics to show

that approximately 7 per cent of the University physics

students had come from working class and farm homes and

that the other 93 per cent came from families headed by

civil servants, professional peOple, business owners and

Operators, and salaried employees. This ratio seemed to

represent the situation at the University of Erlangen as

well. Professor Lfischer indicated that approximately 10

per cent of the physics students at the Munich Technische

Hochschule came from working class and farm homes, but

that this figure was increasing year by year.2 He said

that most of their students were studying to be engineers,

and that a significant number of these students came

from working class families and from families headed by

technical tradesmen and craftsmen. The socio-economic

backgrounds of the students at the Padagogische Hochschule

 

lInterview, Jakob Kranz of the physics staff, Uni-

versity of Munich, Munich, West Germany, on March 13, 1969.

2Interview, Edgar Lfischer of the physics depart-

ment, Munich Technische Hochschule, Munich, West Germany,

on April 25, 1969.
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at Eichstfitt were essentially the same as at the uni-

versities with less than 10 per cent of the students

coming from blue collar and rural families, and the

rest of the students from middle and upper class families.1

The vocational aspirations of the physics students

were primarily a function of the institutions they were

attending. At the Padagogische Hochschule, all of the
 

students were completing a three-year program leading to

the state elementary teaching license. At the Technische
 

Hochschule there were some 700 undergraduate and graduate

students in applied physics with approximately 150 of

these in the beginning physics sequences. The remaining

1,850 beginning physics students were primarily in engi-,

neering; and some students were in applied mathematics,

chemistry, and geology. At the University of Munich with

1,175 beginning physics students, Professor Jakob Kranz

reported the following breakdown:2 47 per cent were in

the medical school, 13 per cent in the dental school, 8

per cent in the school of chemistry, 8 per cent in the

school of pharmacy, and 6 per cent in biology and geog-

raphy. The remaining 200 students or 17 per cent were

 

1Interview, Otto Sch6n, Assistant Director, Pada-

gogische Hochschule, Eichstatt, West Germany, on

February 12, 1969.

2Interview, Jakob Kranz of the physics staff, Uni-

versity of Munich, Munich, West Germany, on March 13,

1969.
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majoring in physics and mathematics with something over

half of this group preparing to teach physics and mathe-

matics in the Gymnasien and Realschulen. At the Uni-
 
 

versity of Erlangen, Professor Rudolph Fleischmann

reported the breakdown of the 528 beginning physics stu-

dents as follows:1 slightly more than 39 per cent were

in the medical and dental schools, 12 per cent in a newly

instituted engineering program, 21 per cent preparing

for mathematics and science teaching in the Gymnasien and
 

Realschulen, over 14 per cent majoring in mathematics,
 

and the remaining 12 per cent majoring in physics but not

intending to teach the subject.

There was some difficulty defining what consti-

tuted completion since only the beginning physics was

being considered at the university level institutions.

At the Padagogische Hochschule at Eichstatt, between 90

and 92 per cent of the students who began successfully

completed the full three-year elementary teacher prepar-

ation program. This meant that virtually all of the stu-

dents had to be successful in their physics classes,

which were a required part of their curriculum. Professor

Lfischer at the Munich Technische Hochschule indicated that

their records were incomplete, but he estimated that

 

1Interview, Rudolf Fleischmann of the physics

staff, University of Erlangen, Erlangen, West Germany, on

May 7, 1969.
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approximately 70 per cent were still there for the second

year of the university. He did state that of those who

were continuing studies in physics beyond the first year,

approximately 75 per cent continued to successfully com-

plete the Diplom degree in four and one-half to six years.

This meant that something in excess of 50 per cent of the

beginning physics majors completed the lowest earned

degree from the University of Munich. At the University

of Erlangen, Professor Fleischmann indicated that approx-

imately 45 per cent of the first year physics majors

received the Diplom degree in physics, taking an average

of five and one-half to six years to complete the require-

ments. He estimated that approximately 70 per cent of all

students taking the first year physics completed the

sequence, but he had no data on medical and dental stu-

dents and their record of success after leaving his depart-

ment.

Students--West German Polytechnikum
 

The next type of West German institution to be

discussed is the Polytechnikum, or engineering college.
 

The specific institution visited was the Oskar-von-Miller

Polytechnikum located in Munich. It had an enrollment

of 4,000 male Students and operated on a two-shift basis

to accommodate this number of students. The first shift

operated from 8:00 A.M. to 12:00 M., and the second

shift went from 1:00 P.M. to 5:00 P.M. The usual schedule
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included Monday through Friday classes, but occasionally

there were Saturday classes for all students. The school

calendar year was the same as other Bavarian institutions

of higher education with about thirty weeks of classes

divided into two fifteen-week semesters. The student

contact hour load was dependent to some extent on his

curriculum, but usually a student had from eighteen to

twenty contact hours of classes each week.

The admission criteria to the Polytechnikum
 

varied considerably from a university or Hochschule.
 

Although a student with a Gymnasium Abitur was eligible
 

for admission, very few such students applied. The typ-

ical background of over 90 per cent of the applicants

was completion of the Realschule.1 The student had to
 

be at least nineteen years old and had to have acquired

a minimum of two years of practical experience in some

related trade or have served an apprenticeship in one of

the various trades prior to application. The student

then took a written examination which covered the areas

German, English, technical drafting, mathematics, and

physics. Of the 1,500 to 2,000 students who applied each

year, only 1,000 were admitted to regular programs. Some

 

1The typical Realschule graduate had four years of

elementary school and then six years of secondary school.

The student was usually about sixteen years old at com-

pletion.
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of those rejectedeere allowed to enroll in remedial pro-

grams to qualify for admission at a later time.1

Most of the students came from working class fam-

ilies and lower middle class homes. Many of the heads of

the families were skilled tradesmen who had completed a

primary school education plus an apprenticeship program.

Very few of the students came from the homes of profes-

sional families, civil servants, business owners, or

salaried employees.

The students were interested in completing the

three-year program and receiving the engineering certif-

ication license from the Geed of Bavaria. An occasional

student transferred to a Technische Hochschule after
 

receiving the engineering certificate, but he never

acquired full admission status since he still did not

possess the Abitur. He was allowed to take some courses

in his area of professional interest; but he could not

seek the Diplom degree without going back and successfully

passing an Abitur examination.

The school director, Dr. Hammer, estimated that

55 to 60 per cent of all students who were admitted to

the Oskar-von-Miller Polytechnikum successfully completed

 

lInterview, K. Hammer, Director, and Anselm Vogel

and F. W. Stanek of the physics staff, Oskar-von-Miller

Polytechnikum, Munich, West Germany, on April 11, 1969.
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their respective programs of study.1 Physics was a part

of all first-year curricula, and Dr. Vogel estimated that

approximately 60 to 65 per cent of the beginning students

completed this first physics sequence.2 This did not mean

that they had been successful, however, since there were

no examinations given prior to the final examination for

licensing. It simply meant that the student had decided

to remain in school. The student was assumed to be very

mature about his individual progress, a confidence that

the staff and students felt was justified.

Students--West German Kolleg
 

The West German Kolleg represented a fairly new

innovation in education. It dated back to the close of

werld War II. After the War, young people, aged eighteen

to thirty, found themselves with only an elementary edu-

cation or at most a middle school, Realschule, education.
 

It was impossible for these young people to be admitted

to a university without going back to the Gymnasium for

a minimum of three, and often more, years to qualify to

write the Abitur examination. Thus the Kolleg was

created. very often the Kolleg offered its program in

 

1Interview, K. Hammer, Director of the Oskar-von—

Miller Polytechnikum, Munich, West Germany, on April 11,

1969.

2Interview, Anselm Vogel of the physics staff,

Oskar-von-Miller Polytechnikum, Munich, West Germany, on

April 11, 1969.
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the evenings so that students who were working could still

qualify themselves for university admission. The Kolleg

program was often referred to as the "second way," deg

zweite Weg, to university admission.

Three such Kollege were visited in the Eeed of

Bavaria. One was the Bayern Kolleg at Augsburg, which

was an institution operated by the Eeed of Bavaria and

operated only during the day. It had 120 boys and 30

girls enrolled. It was a modern language Kolleg, that is,

its program was patterned after the modern language Gym-

nasium. The second Kolleg was the Munich Kolleg, which

was a city operated school. It too was a modern language

Kolleg and enrolled 270 boys and 60 girls. It Operated

during the day. The third Kolleg was the Munich Abendkol-

leg, which was an evening school operated by the city of

Munich. It enrolled 375 boys and 126 girls. It had pro-

grams in modern languages, economics, and also a mathe-

matics and science program.

The daily schedule of the Augsburg Kolleg was

from 8:00 A.M. to 1:00 P.M., Monday through Friday; and

students attended classes three Saturday mornings each

month. The Munich Kolleg met from 8:00 A.M. to 1:00 P.M.

Monday through Thursdays and from 8:00 A.M. to 5:00 P.M.

on Friday with no Saturday classes. Students in both of

these day Kollege had weekly class loads of from thirty

to thirty-five contact hours. The Munich Abendkolleg met
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from 6:00 P.M. to 9:00 P.M., Monday through Friday, for

a student in the first three years of its four-year program

and from 3:30 P.M. to 7:30 P.M. for the student in the

fourth and final year. The Abendkolleg was unique from
 

the day Kollege in that it had a one-year remedial pro-

gram plus the regular program, which was spread out over a

full three-year period. The class load was twenty con-

tact hours of classes each week. All three of these Kei-

iege followed the same annual calendar as the Bavarian

Gymnasien. There was a fourth Kolleg of a different type
 

which was observed and studied. This was the Bavarian

Telekolleg, which consisted of a series of television pro-

grams and weekly class meetings which were designed to

allow a person with only an elementary education to com-

plete the equivalent of a Realschule education in a period
 

of three years. There were eighty-five students in the

Ingolstadt area who were taking these classes and meeting

every Saturday. All of the students were mature adults

with sixty-three men and twenty-two women enrolled in

the program. The students were enrolled in five different

classes; and each evening, Monday through Friday, one of

the subjects was presented in a one-half hour telecast.

The broadcasts originated from Munich and utilized Gym-

nasium teachers and university professors as lecturers

in the various subjects. On Saturday all the students

met at Ingolstadt in one of the schools; and all five
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broadcasts of the previous week were reviewed, one at a

time, by Ingolstadt teachers who served as local teaching

assistants. The Saturday schedule was from 8:00 A.M. to

1:00 P.M. with one hour for each subject. The annual

calendar followed by this program was consistent with

the regular Bavarian school schedule.

To be admitted to the Augsburg Kolleg or to the

Munich Kolleg, a student had to be at least nineteen years

old and possess at least the equivalent of a Realschule
 

education. The age range of students was from nineteen

to thirty years, with an average of twenty-four. Since

the Realschule was ordinarily completed at age sixteen to

seventeen, virtually all students admitted had been work-

ing at least two years prior to their admission to the

Kolleg. An admission test in German, English, physics,

and mathematics was administered to all applicants. At

the Augsburg Kolleg approximately 30 per cent of all the

1
applicants were accepted each year. At the Munich Kolleg,

approximately 60 per cent of all applicants were admitted.2

The admission criteria to the Munich Abendkolleg

were slightly different from those described for the day

Kollege. First, the student did not have to be a

 

_ lInterview, Theodor Rolle, Director of the Augs-

burg Kolleg, Augsburg, west Germany, on March 26, 1969.

2Interview, Josef Maisch, Director of the Munich

Kolleg, Munich, West Germany, on May 5, 1969.
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Realschule graduate, and the student had to be only
 

eighteen years old instead of nineteen. The ages of

enrolled students ranged from eighteen to forty years

with an average of twenty-six. The applicants were

required to write an admission exam in German, English,

mathematics, and science of a slightly less rigorous

nature than at the other Kollege. Since there was a

remedial year before the regular three-year program,

weaker students were admitted and still went on to meet

the completion criteria. If an applicant were nineteen

and passed a more rigorous exam, he could be admitted

directly to the second year and thus take only three years

to complete. Still only about 6 per cent of all appli-

cants were admitted to the Munich Abendkolleg.1

There were no admission criteria to be fulfilled

for the Telekolleg program, and the only selection process
 

was the natural one of attrition that took place as people

lost interest or realized that they were in over their

heads.2 The student ages ranged from eighteen to sixty

years with an average of thirty-five.

 

lInterview, Hans Christmann, Director of the Munich

Abendkolleg, Munich, West Germany, on April 25, 1969.

2Interview, H. Schanzenback, of the technical

staff, Ingolstadt Telekolleg, Ingolstadt, West Germany,

on February 10, 1969.
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There was a great deal of uniformity in the socio-

economic backgrounds of Kolleg students. Virtually all

of the students came from working-class, rural, or lower-

middle class homes. All of the students came from defi-

nitely limited economic circumstances. To compensate

for this lack of financial support, each student at the

Augsburg Kolleg and at the Munich Kolleg had a scholar-

ship from the Lead of Bavaria to pay for basic room,

board, and books.1 Tuition was free to all students. At

the Munich Abendkolleg, students came from the same

limited economic backgrounds. These students received

no stipends during the first three years of school but

were expected to work during the day. During the fourth

and final year, however, the students received Eeed

scholarships, the same as day Kolleg students; and the

evening students were expected to quit work to concentrate

on school and the Abitur, which would climax the con-

clusion of their entire three-or four-year experience.

There was a good deal of consistency in the per-

sonal objectives of all the Kolleg students. They were

primarily interested in completing the Abitur and enrol-

ling in a university or Hochschule. This was in contrast
 

to the Telekolleg students, who were merely up-grading

their educational backgrounds for their jobs or personal

 

1The monthly basic subsistence stipend was $75.00,

paid to the student twelve months per year.
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satisfaction similar to many of the adult education pro-

grams in the United States. Not many Telekolleg students
 

were interested in even continuing on to a regular Kolleg,

passing the Abitur, and then enrolling in a university,

since such a process would have constituted an unusually

long and arduous route to follow.

The vocational objectives of the Kolleg students

were very similar to the vocational objectives of their

younger Gymnasium counterparts. The Kolleg students were
 

male for the most part; and when compared to male Gym-

nasium students, showed a slightly higher preference for

engineering and applied science programs. Hence, a

higher percentage of the Kolleg students were looking

forward to studying at a Technische Hochschule. Ap-
 

proximately 20 per cent of the fourth class at the Munich

Abendkolleg planned to enter a Technische Hochschule.1
 

Another 20 per cent planned to enroll in a Padagogische
 

 

Hochschule in order to teach at the elementary level.

The rest of the students planned to enter the university

to study to be Gymnasium teachers, businessmen, medical
 

doctors, lawyers, and scientists in that order.

The Augsburg Kolleg had what seemed to be a high

completion percentage. Over 70 per cent of those students

admitted successfully completed the two and one-half year

 

lInterview, Hans Christmann, Director of the

Munich Abendkolleg, Munich, West Germany, on April 25, 1969.
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program and passed the Abitur. Most of those who did drop

out did so in the first semester of the program. At the

Munich Kolleg, over 80 per cent of all students who were

admitted successfully completed the program and passed

‘the Abitur. The Munich Abendkolleg indicated that only

about 35 per cent of those who began the program com-

pleted it successfully. It should be recalled that most

of their students had weaker backgrounds at the beginning

than those students at the day Kollege; yet all graduates

were required to write the same Abitur. The Abendkolleg
 

people indicated that over half of the total attrition

took place during the first or remedial school year. If

one looked only at the statistics from the second through

the fourth years, they were comparable to those at the

day Kollege. No data were available on completion per-

centages for the Telekolleg since it had been in operation
 

for too short a time to yield meaningful statistics.

Students--Austrian Gymnasium
 

The Gymnasien visited in Austria were located in

the areas of Salzburg and Vienna, two widely separated

geographical parts of the country. Although Austria had

a law which required nine years of Gymnasium education,

nearly all schools had eight-year programs. There were

very few coeducational institutions except in rural areas;

however, there was some trend toward having boys and girls

together in the Gymnasien. The Gymnasien visited in the
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Salzburg area included the Salzburg Bundesrealgymnasium, a

mathematics and science Gymnasium with a student population
 

of 440 boys and 9 girls. The second Gymnasiem was the
 

Salzburg Bundesgymnasium, a combination modern language,

mathematics and science, and fine arts Gymnasium, with a
 

student population of 780 boys and about 20 girls. The

third Gymnasium visited was the Werkschulheim located in
 

the small town of Ebenau near Salzburg. It was a private ~

school that received federal financial assistance. All

of its staff salaries were paid by the government, while

the school raised its own capital outlay funds. The Werk-

schulheim was a nine-year school which offered a combi-

nation of the mathematics and science Gymnasium program
 

plus apprenticeship programs to all students. This com-

bination of programs required of every student was what

necessitated the extra year over comparable Austrian Gym-

nasien. The concept for the school grew out of the Boy

Scout program in Austria. The school enrolled 205 boys,

all of whom lived right on the campus in school housing.

The other three Gymnasien were located far to the
 

east in Vienna. The first was the Vienna District Ten

Bundesgymnasium und Realgymnasium. As the name implies,

it was a combination modern language-mathematics and

science Gymnasium. It enrolled 905 boys. The second
 

school visited was the Vienna District Five Bundesgym-

nasium und Realgymnasium. This was another combination
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school containing three parts. They were a modern language

section, a classical language section, and a mathematics

and science section. The District Five Gymnasium had an

enrollment of 504 boys and 196 girls. The last Gymnasium
 

visited in Austria was the Vienna District Twelve, Bund—

esgymnasium ffir Madchen. It had two branches, the modern

language section plus a mathematics and science section.

It had an enrollment of 615 girls.

There were a number of common elements in all

Austrian Gymnasien, except the Werkschulheim at Ebenau,
 

which was a very special institution. Basically the Gym-

nasien were split into two parts. One was the lower

division containing Gymnasien grades one through four.
 

In these four lower grades, called Unterstufe, the pro-
 

gram was the same for all students regardless of whether

their program was modern languages, classical languages,

or mathematics and science. It was in the upper four

grades, called Oberstuffe, that the specialization took
 

place. The ages of the students ranged from ten to

eighteen. The daily schedule of the students in the

five Gymnasien was from 8:00 A.M. to 1:00 P.M., Monday
 

through Friday, and from 8:00 A.M. to 12:00 M. on Sat-

urday. Students did come back later in the afternoon if

they were electing subjects such as music, art, and ath-

letics, which were not offered during the morning sessions.

The students generally had a load of from thirty-two to
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thirty-six contact hours of classes per week. The contact

hour was usually a fifty minute period similar to West

Germany. The Werkschulheim at Ebenau had a more rigorous

weekly schedule. Classes ran from 7:45 A.M. to 5:00 P.M.

on Monday, Tuesday, Wednesday, and Friday, with a break

for lunch. On Thursday and Saturday, classes ran from

7:45 A.M. to 12:00 m. The typical student load was

forty-four contact hours per week. Again a contact hour

was usually fifty minutes. Because of its extra year, the

student population ranged in age from ten to nineteen.

The annual calendar for all of the six Gymnasien
 

was the same. This calendar was established by the Fed-

eral Office of Education in Vienna. The schedule covered'

forty weeks, but most of the educators indicated that

they were programmed for thirty-two weeks of actual

classes. The Austrian school year followed the West

German year very closely, beginning in September, with

vacations during Christmas, Easter, and other holidays,

and continuing through to the middle of July. Their

summer vacation was about six weeks long.

It was interesting to note that during the aca-

demic year 1967-68, there were 111,721 students enrolled

in public and private Gymnasien in Austria.1 Of this
 

 

1These figures were presented in an interview with

a State of Salzburg school official, Dr. H. Hechenblaichner,

Director, Salzburg Office of Education, Salzburg, Austria,

on March 17, 1969. He quoted from an annual report to

the United Nations Educational and Cultural Organization.
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total number, 47,261 were girls, or 44.7 per cent. This

percentage seemed to exceed that in West Germany by a

significant amount. The figure cited for West Germany

was 27.9 per cent.1

It should be noted also that even with this

higher percentage of girls in the Gymnasien, the per-
 

centage of those who successfully completed the program

and passed the final examination to receive the maturity

certificate or Mature constituted 6.5 per cent of the

total population of that age group in 1960. This figure

had risen to 8.0 per cent by year 1963.2 This compared

very closely to the West German statistics of 7.2 per

cent of the age group receiving the Abitur for 1963 and

1964.3

Admission to all of the Gymnasien, except the
 

Werkschulheim Felbertal at Ebenau, followed very consis-

tent procedures quite similar to those found in West

Germany. At the end of the fourth year of primary edu-

cation, all students were given the opportunity to enter

the Gymnasien if they wished. The alternative was to
 

continue on in another four years of primary education.

 

1"west German School Statistics," Education in

Germany, 21.

2

 

School Systems,A Guide: Austria, 29.
 

3"West German School Statistics," Education in

Germany, 21.
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Most of the educators interviewed agreed with Dr. Erich

Kaforka that approximately 20 to 25 per cent of those ten-

year-olds who had finished the fourth grade continued

their education in the Gymnasien.l He also indicated
 

that of 150 applicants per year, all but five or ten

were admitted. All of the applicants passed a federally

administered test which had both oral and written parts

for German and mathematics. This test still seemed to

allow over 95 per cent of all applicants to be admitted.

In fact, an opinion expressed by Dr. H. Kargl from Vienna

was shared by many Austrian educators.2 The opinion was

that the admission requirements to the Gymnasien were
 

too low and that the quality of the program was suffering

as a direct result of this permissive admission policy.

The admission criteria at the Werkschulheim at

Ebenau were quite another matter. The standard Gymnasium
 

examination was administered. In addition a separate

three-day psychological examination was administered in

an attempt to determine whether the young applicants were

suitably adapted for the course of study they were to

undergo. There were over 100 boys selected each year as

 

lInterview, Erich Kaforka, Director, Salzburg

Bundesgymnasium, Salzburg, Austria, on March 20, 1969.

2Interview, H. Kargl of the physics staff, Vienna

District Ten Bundesgymnasium und Realgymnasium, Vienna,

Austria, on April 16, 1969.
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qualified candidates. Of these 32 were invited to enroll.

The capacity of the Werkschulheim facilities was such that

only thirty-two new students could be admitted each year.

The socio-economic backgrounds of the students

seemed to be somewhat a function of the location of the

Gymnasium. Professor Mayr at the Salzburg Bundesreal-
 

gymnasiuml indicated that there was a fairly uniform

spread of student backgrounds from middle to upper class

homes. Household heads included salaried employees, civil

servants, business owners and operators, and professional

peOple. He indicated that perhaps 25 per cent of their

total student body came from blue collar workers and

rural agricultural homes. Boys from these blue collar

and agricultural homes probably made up more than 50 per

cent of the eligible students in the Gymnasium age group.
 

Professor Mayr indicated also that he felt a higher per-

centage of boys from lower socio-economic homes were com-

ing to the Austrian Gymnasien each year. Dr. Kaforka2 of
 

the Salzburg Bundesgymnasium stated that his student group

came from all economic backgrounds with a slightly lower

percentage coming from the rural agricultural areas than

 

1Interview, Albert Mayr of the physics staff, Salz-

burg Bundesrealgymnasium, Salzburg, Austria, on March 17,

1969.

2Interview, Erich Kaforka, Director, Salzburg

Bundesrealgymnasium, Salzburg, Austria, on March 20, 1969.
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one might expect. Since his institution had a multiple

curriculum, he felt it had appeal to all elements of the

local population. Dr. Eschig,l Director of the Vienna

District Ten Bundesgymnasium und Realgymnasium, indicated

that virtually all of his students came from blue collar,

working class homes. The school was located in a large

working class residential area and served only the neigh-

borhood population. He also indicated that very few, if

any, of the parents were Gymnasium graduates. He felt that
 

this caused some problems since the students had diffi-

culty in identifying with appropriate adult figures, and

the parents had difficulty reinforcing the education the

students received at the Gymnasium. He felt that this had
 

led to a higher drop-out rate compared to some of the other

Gymnasien. The Director of the Vienna District Five Bun-
 

desgymnasium und Realgymnasium2 had done some investigation

and showed that his institution had quite a spread of stu-

dent socio-economic backgrounds with the professional and

upper classes represented in the classical language section

of the Gymnasium while the rest of the students were from
 

middle class homes. He had very few students from working

 

1Interview, A. Eschig, Director, Vienna District

Ten Bundesgymnasium und Realgymnasium, Vienna, Austria, on

April 16, 1969.

2Interview, Josef Schindler, Director, District

Five Bundesgymnasium und Realgymnasium, Vienna, Austria, on

April 15, 1969.
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class homes, but those who were attending were enrolled

in the mathematics and science section of the school.

Dr. Margarete Schuster,l Director of the Vienna District

Twelve Bundesgymnasium ffir Madchen, had students from

working class homes almost exclusively. She felt that

there were higher percentages of working class students

in Austrian Gymnasien than in West Germany even though
 

the general economic conditions in Austria were not as

good as in West Germany. One cannot attempt to generalize

on socio-economic backgrounds of students by using the

Werkschulheim at Ebenau. These students came from some

of the most affluent families in Western Europe. As an

example, Dr. Treml2 stated that over the past twenty

years, thirty-two princes of the Lichtenstein royal

family had attended. Many of the students came from

west Germany, Switzerland, and the United States, plus

Austria. Since this was a boarding school, there was

a substantial tuition, which only the more financially

able families could afford. Dr. Treml indicated that

most of the parents were wealthy business and professional

people. He indicated that this was an advantage when

lInterview, Margarete Schuster, Director, Vienna

District Twelve Bundesgymnasium ffir Madchen, Vienna, Aus-

tria, on April 17, 1969.

2Interview, Richard Treml, Headmaster, Werkschul-

heim, Ebenau, Austria, on March 18, 1969.
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attempting to raise money from parents for special build-

ings or other capital outlay projects.

Almost all Gymnasium students planned to attend a
 

university or Hochschule. There was general concensus
 

that 90 per cent of all Gymnasium graduates entered higher
 

education. No studies comparable to the West German

studies on student vocational preference were available,

thus, it was difficult to verify those data obtained from

individual interviews. Dr. Richard Sickinger1 of the

Austrian Ministry of Education felt that Austrian vocational

preference statistics were similar to those from West

Germany, and that when the School Organization Act of 1962

was implemented, the tools would become available to offer

more kinds of specialized education to satisfy particular

needs. It was noted that although the discussion with

Dr. Sickinger took place in 1969, the School Organization

Act of 1962 had been only partially implemented. Gen-

erally speaking, vocational objectives of students varied

from Gymnasium type to Gymnasium type. Most of the stu-
 

dents at the mathematics and science Gymnasien were inter-
 

ested in continuing their education at a Technische Hoch-

schule in an area of engineering or applied science. A

very few planned to continue their education at a uni-

versity in the field of medicine or dentistry.

 

1Interviews, Richard Sickinger, Federal Austrian

Ministry of Education, Vienna, Austria, on April 14 and 17,

1969.
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Dr. Kargl,l of the Vienna District Ten Bundesgymnasium und

Realgymnasium, indicated that the vocational objectives of

their all male student body were, in order of decreasing

importance: continuation at a Technische Hochschule in

engineering or architecture; continuation at a university

to study medicine or law; or preparation as a teacher.

A very few boys indicated that they planned to continue

their education to prepare for a career in business.

Male students enrolled in the classical Gymnasien, where
 

Greek and Latin were taught, were usually preparing for

continued education in medicine or law. Girls were typi-

cally planning to transfer to an elementary teacher train-

ing college, Padagogische Academie, or were considering
 

a career in secondary teaching, social work, medicine, or

pharmacy in that order according to Dr. Schuster in Vienna.

The students at the Werkschulheim at Ebenau were almost

equally divided among architecture, medicine, and law as

vocational objectives.

The completion statistics at the various Gymnasien
 

showed a considerable variation. At the Salzburg Bun-

desrealgymnasium only 15 per cent of their beginning stu-

dents completed the eight-year program successfully and

passed the Mature examination. At the Salzburg Bundesgym-

nasium they claimed that 50 per cent of the incoming

 

lInterview, H. Kargl of the physics staff, Vienna

District Ten Bundesgymnasium und Realgymnasium, Vienna,

Austria, on April 16, 1969.
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students successfully completed the Mature. At the Vienna

District Ten Bundesgymnasium und Realgymnasium, 20 to 25

per cent were successful. At the Vienna District Five

Bundesgymnasium und Realgymnasium, 40 per cent of the

incoming students were ultimately successful. The Vienna

District Twelve Bundesgymnasium fur Madchen had 45 to 50

per cent of their students complete successfully. At the

Werkschulheim at Ebenau, 55 per cent of the beginning stu-

dents successfully completed the nine-year program. It

appeared that there was a wide variation in the degree of

success at the various schools. It proved interesting to

average out the success percentages and multiply this

figure by the percentage of the total students entering

the Gymnasien at age ten. The average success percentage
 

was about 36. This, multiplied by the 25 per cent of all

fifth grade students who entered all Gymnasien, yielded a
 

figure of a little less than 9 per cent of the total age

group successfully completing the Gymnasien. This com-
 

pares rather favorably with the 1963 statistics,1 which

suggested that 8 per cent of the age group successfully

completed.

Students--Austrian University
 

There were two Austrian institutions of higher

education visited. One was the University of Salzburg,

 

1School Systems, A Guide: Austria, p. 29.
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located in Salzburg; and the other was the Vienna Tech-

nische Hochschule, located in Vienna. Very little data

for the University of Salzburg will be presented since

its science program was very limited, and the physics pro-

gram.was in the process of being developed as part of the

newly established medical school. Mathematics and certain

biological science courses were a part of the University

curriculum at the time of the visitation. There were evi-

dences of increased activity in the physical science area.

Professor Kacowskyl indicated that in the far distant past

the University of Salzburg had functioned as a comprehen-

sive institution, but the institution had been closed by

Napoleon Bonaparte in the year 1805. In 1850 it was re-

opened by the Benedictine Order of the Roman Catholic

Church and had only a Theology faculty until 1962, when

the institution once again began to assume its former com-

prehensive status. Since 1962 the University has had a

Philosophy Faculty, where the physics program will be

located along with the existing mathematics and biological

science programs. Of a total of 1,700 students at the

University of Salzburg, over 300 were enrolled in the

English Language Institute preparing to become Gymnasium
 

teachers of English. Many of the other 1,400 students

 

1Interviews, Walter Kacowsky of the English staff,

University of Salzburg, Salzburg, Austria, on March 18, 19,

and 20, 1969.
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were preparing for Gymnasium teaching in the other fields.
 

In fact, more students were involved in teacher preparation

programs than in any other vocational area.

The Vienna Technische Hochschule was founded in

about 1830 and, as the Munich Technische Hochschule, pre-

pared students for careers in architecture, engineering,

and the applied sciences. Virtually all of these students

took some physics during their first two years of higher

education.1 The Hochschule had a total enrollment of

approximately 5,000 students. Of this total, only 300

were girls with most of the girls enrolled in the archi-

tecture curricula. It was interesting to note that of the

5,000 students, between 1,000 and 1,500 of them came from

countries other than Austria. The typical student in

physics had a class load of from twenty-three to twenty-

five contact hours per week spread out over the five days,

Monday through Friday, with an occasional class on Satur-

day morning. The annual calendar of the school was split

up into two semesters. The winter semester began on

October 1 and continued to February 15 with a two-week

Christmas vacation, and concluded with a two-week period

for examinations. The second, or summer, semester began

about March 1 and continued to the end of June with a

 

1Interview, Horst Ebel of the physics staff,

Vienna Technische Hochschule, Vienna, Austria, on April 17,

1969.
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two-week vacation at Easter. In all, there were approxi-

mately fifteen weeks of actual classes during each of the

two semesters.

Of the total of 5,000 students enrolled in the

beginning through doctoral programs, approximately 950

of these students were enrolled in the first-year physics

sequences. About 350 to 400 were enrolled in the special

physics for architects, geologists, and chemists. Another

400 were enrolled in the special physics for engineers.

Another 150 students were enrolled in the special physics

sequence for applied mathematicians and physicists. This

breakdown gives the approximate range of vocational objec-

tives for the incoming student population.

The only criterion for admission was certification

 

of completion of the Gymnasium program, which meant that

every incoming student had passed the Mature examination.

By Austrian law, all such students had to be admitted to

the Vienna Technische Hochschule if they applied. The

socio-economic backgrounds of the students were directly

related to the Gymnasium student output. Dr. Ebel felt
 

that something between 15 and 20 per cent of their

incoming students came from blue collar, working class

homes. This seemed unusually high and was the direct

result of the high percentage of Gymnasium graduates from
 

such homes, plus the fact that the Hochschule was located
 

in a large metropolitan area very close to large numbers
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of working class peOple. He felt that the percentage

of students from working class homes at the Vienna Tech-

nische Hochschule was twice as great as at some comparable

West German institutions. The rest of the students came

from professional, civil servant, or other salaried homes,

except for foreign students who came from wealthy homes.

These latter students constituted a significant fraction

of the total student population.

The educational aspiration of most of the incoming

students was to receive the Diplom in Engineering, the

first degree granted by the Vienna Technische Hochschule.

A few students entered with the desire to receive a doc-

toral degree, but this percentage was very low, probably

less than 10 per cent. Some additional students decided

to continue on for a doctoral degree after they had

received the Diplom degree. The vocational objectives

of the incoming students broke down as follows: 42 per

cent were interested in architecture, geology, or chemis-

try; approximately 40 per cent were interested in careers

in some kind of engineering; and the remaining 15 to 20

per cent enrolled with the thought of pursuing studies in

physics or applied mathematics.

Although no hard data were available, Dr. Ebel felt

that from 70 to 80 per cent of those students enrolled in

first-year physics successfully completed the year. He

stated that they still had significant attrition through
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the second and third years. Successful completion of the

first year was a little easier to document than at some

West German institutions since there were periodic exami-

nations given during the first year to determine student

progress. Approximately 66 per cent of the students made

it through to the Vbr-Diplom or pre-diploma examination,
 

usually taken by the student at the end of two and one-half

or three years. Virtually all of the students who success-

fully passed the VOr-Diplom received the Diplom degree in
 

an additional two and one-half to four years.

Students--Austrian Hohere Lehranstalt
 

The last Austrian institution to be studied was

the Hohere Lehranstalt, more specifically the Hohere Tech-
  

nische Lehranstalt. A rough translation of this latter
  

title would be higher technical college. This institution

was roughly equivalent to the West German Polytechnikum.
 

There were two such institutions visited in Austria, one

in Salzburg and one in Vienna. The institution in Salz-

burg was called the H6here Technische Bundeslehranstalt,

and the institution in Vienna was called the H6here Tech-

nische Bundes-Lehr und Versuchsanstalt. The two insti-

tutions will be referred to subsequently as the Salzburg

Lehranstalt and the Vienna Lehranstalt. There was one

significant difference between the Lehranstalt and the
 

west German Polytechnikum. The student population served
 

in west Germany had to be at least nineteen years old,
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while the Austrian Technische Lehranstalt admitted students
 

after their eight years of elementary education or after

the fourth year of Gymnasium education. This meant that
 

the students were fourteen or fifteen upon admission.

Most of the programs at the Technische Lehranstalten were
 

five years long so that graduates were eighteen to nine-

teen years old. This was in contrast to the West German

Polytechnikum graduate who was twenty-two to twenty-four

years old after completing a three-year program.

At the Salzburg Lehranstaltl the student enrollment

was made up of 640 boys and 60 girls; most of the girls

were enrolled in a textiles program that had an excellent

national reputation. The weekly schedule of the students

consisted of a forty to forty-eight contact hour weekly

class load spread over six days, Monday through Saturday.

In most curricula, approximately twenty-five of these con-

tact hours were in regular classes, and the remaining fif-

teen to twenty contact hours were spent in a variety of

laboratory classes and work experiences. The annual cal-

endar of the school followed the Austrian Gymnasium calen-
 

dar with one exception. During at least two of the stu-

dent's total of four summer vacations, he was required to

work a four-week period in his field of specialization

 

lInterview, Anton Frisch, Director, Hohere Tech—

nische Bundeslehranstalt, Salzburg, Austria, on March 19,

1969.
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for some industrial concern which cooperated with the

school by providing practical experience for the students.

To give some appreciation for the impact of this type of

technical school, one should look to the Austrian school

statistics for 1967.1 While there were 111,721 students

enrolled in the eight-year public and private Gymnasien,

there were a total of 13,591 students enrolled in the

five-year Hohere Technische Lehranstalten programs. Of
 

the total students of all ages, 1,238,841, this means

only 1.1 per cent of the total were enrolled in the Hohere

Technische Lehranstalten. To be enrolled in the Salzburg
 

Lehranstalt, a student had to have completed his eighth

year of total schooling at either an elementary school

or at a Gymnasium. He then submitted to a federally
 

developed and supervised examination which covered German

and mathematics. There was also a separate intelligence

test, and the student had to pass a required physical

examination. Roughly one-half of those who applied to

the Salzburg Lehranstalt were admitted to one of its cur-

2
ricula. The Director of the Lehranstalt, Dr. Frisch,

quoted some statistics on socio-economic backgrounds of

 

lBundesministerium ffir Unterricht, Die Wichtigsten

Qaten des Schulwesens in Osterreich 1967/68 (Vienna, Austria:

Bundesministerium, 1968), p. 27.

 

2Interview, Anton Frisch, Director, Hohere Tech-

nische Bundeslehranstalt, Salzburg, Austria, on March 19,

1969.
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his students. He stated that 23 per cent came from working

class and rural agricultural homes, 26 per cent came from

the homes of salaried white collar families, and that the

rest came from professional families or business owners

and operators. Nearly all of the students were interested

in completing school, which meant a five-year program. The

student wrote a Mature; and instead of entering a univer-

sity, for which he was eligible, the student usually sought

an industrial position. The school was designed to train

practically oriented, engineering related personnel for

business and industry.

The Vienna Lehranstalt was in many ways similar

to the Salzburg school except it did have a much larger

enrollment in its shorter three-year programs. Still

most of the students were enrolled in the regular five-

year programs leading to the Mature.l There were 1,200

day students and 1,000 evening students enrolled in the

various programs. Less than twenty of the students were

girls. The schedules were the same as at Salzburg with

even the evening students carrying forty to forty-five

contact hours of classes per week. The admission cri-

teria for the Vienna Lehranstalt were similar to those

at Salzburg; however it was felt that approximately

 

1Interview, P. Riedl of the electrical engineering

staff, H6here Technische Bundes-Lehr und versuchsanstalt,

Vienna, Austria, on April 18, 1969.
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60 per cent of those who applied were admitted to one of

the curricula. The socio-economic backgrounds of the

students showed a higher percentage coming from working

class homes, probably 40 to 50 per cent, with the rest

rather evenly spread among the rest of the general popu-

lation. There were 100 students from foreign countries

enrolled. The students went directly into industry after

graduation with a very few continuing their education at

a Technische Hochschule, which all could have done since
 

they had received the Mature upon successful completion

of the five-year program. At Salzburg it was indicated

that 48 per cent of all students who enrolled success-

fully completed the program. The Vienna Lehranstalt

showed a higher rate of completion. While the rate of

success varied somewhat from one curriculum to another,

an average of 65 per cent of all students admitted to the

institution successfully completed their respective pro-

grams. There was no explanation for the significantly

higher rate of success in Vienna versus that observed in

Salzburg.

Students--Swiss Gymnasium
 

Both of the Gymnasien visited in Switzerland were
 

located in the city of Zurich. The first school visited

was the Kanton of Zurich Oberrealschule. It was a Type G

mathematics and science Gymnasium and enrolled about 600
 

male students. A Type G school included only the last
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four and one-half years of the Gymnasium education program.
 

This meant that grades nine through twelve and one-half

were located at the Oberrealschule. The second Gymnasium
  

visited in Zurich was a privately sponsored Gymnasium,
 

the Freies Gymnasium. The school was operated by a

reformed Protestant denomination and had an enrollment

of 530 students, half boys and half girls. Freies was

a combination school, that is, it had all three types of

programs in its total curriculum. It had a Type §_part

which corresponded to the classical language Gymnasium
 

of West Germany. It also had a Type G part, which cor-

responded to the modern language Gymnasium; and it had a
 

Type G part, which was the science and mathematics Gym-

nasium. There was a slight difference among the three

types of Gymnasien.
 

All children in the Kanton of Zurich were required

to complete six years of primary education. Those who

continued on in the A_or E Type Gymnasien transferred
 

immediately to that school for the remaining six and one-

half years of secondary education. If a student were

planning to continue his education at a Type G Gymnasium,
 

he had to take two years of intermediate schooling at a

Realschule and then transfer to the Type G Gymnasium for
  

the remaining four and one-half years. Thus the Freies

Gymnasium had students in the A and G_parts from ages

twelve to nineteen; while in the G part, the students
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ranged in age from fourteen to nineteen. Most of the stu-

dents at the Zurich Oberrealschule ranged in age from

fourteen to nineteen since it was also a Type G Gymnasium.
 

The daily schedule of the Swiss Gymnasium student appeared
 

very rigorous. Their classes met six mornings per week,

Monday through Saturday from 8:00 A.M. to 12:00 M. in

the winter and from 7:00 A.M. to 12:00 M. in the summer.

They also had afternoon classes on Monday, Wednesday, and

Friday extending to 5:00 P.M. in the winter and ending at

about 3:30 P.M. in the summer season. Their class load

varied between thirty-two and forty-one contact hours per

week. The annual calendar was significantly different

from west Germany and Austria. The Swiss school year

began in April and extended to the middle of July; then

there was a vacation until the middle of August. School

then began again and continued until Christmas. After

Christmas the program continued until April, with vacations

early in February and at Easter. In all, the total school

year was some forty weeks long and rather uniformly dis-

tributed throughout the year. Basically the year was

broken into two semesters: the first from April to October

and the second from October to April. All students began

their new year during the summer semester commencing in

April instead of at the more customary school beginning in

the fall. The Kanton of Zurich, following the lead of

some of the other districts in Switzerland, was establish—

ing more and more coeducational schools. Until recently
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only the private schools had both boys and girls, while

the public schools were rigidly segregated. Some of the

educators felt that this integration of the sexes would

tend to promote better educational opportunities for

females than has been the case in the past.

The students were admitted to the Gymnasien
 

after an examination in French, German, and mathematics.

Almost all students who applied and took the examination

were admitted according to Professor James Hablu'tzell of

the Zurich Oberrealschule. It was noted that students

must have completed eight years of preparatory education

prior to being considered for admission to the Type G

schools such as the Oberrealschule, and this in itself
 

was a fairly selective process. The same situation

seemed to exist at Freies Gymnasium according to Professor

Erich Bernhardz, even though the 5 and G school students

were admitted after only six years of preparatory edu-

cation. Most students who applied for admission to the

Swiss Gymnasien were in fact admitted.
 

There was considerable variation in socio-economic

backgrounds between the student populations of the two

schools. At the Freies Gymnasium, students came from the

 

1Interview, James Hablutzel of the physics staff,

Oberrealschule, Zurich, Switzerland, on March 4, 1969.

2Interview, Erich Bernhard of the physics staff,

Freies Gymnasium, Zurich, Switzerland, on March 6, 1969.
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higher socio-economic levels, since only such families

could afford the tuition of $750 per year plus the cost

of room and board. This amount was far beyond the means

of most middle and lower class families. At the 9225?

realschule there were a greater number of students from
 

working class families. Though very few statistics were

available, the best estimates seemed to indicate that

between 15 and 20 per cent of those students who finished

the sixth grade of the primary schools continued into

some type of Gymnasium education. This seemed to be
 

lower than in West Germany or Austria, but it should be

remembered that in those two countries Gymnasium admission
 

took place at the end of the fourth grade of primary edu-

cation and not at the sixth to eighth grades as was the

case in the Types 5' G, and G Gymnasien in Switzerland.
 

Almost without exception the students at both

Gymnasien were looking forward to continuing their edu-
 

cation at one of the Swiss universities. This was quite

natural since the sole objective of the Swiss Gymnasien
 

appeared to be to prepare students for the universities.

At the Oberrealschule the students, all male, were planning
 

to continue in the professions of engineering, medicine,

law, and teaching. Those who planned to continue in engi-

neering and science were hoping to continue their education

at the Eidgenfissische Technische Hochschule in Zurich,

known as the Swiss Federal Institute of Technology. This
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was one of the most prestigious technical universities

of all of Europe and was located approximately 200 yards

 

from.the Oberrealschule. Those students who were inter-

ested in medicine, law, and non-science teaching areas

planned to study at the University of Zurich, which was

located immediately adjacent to the Oberrealschule. At
 

the Freies Gymnasium the male students were fairly equally

divided among those seeking careers in medicine, law,

teaching, except for the very few who were planning to

study engineering. The girls were much less vocationally

oriented; and of those who had made a career commitment,

most were planning careers in teaching or social work.

There was a great deal of consistency between the

two schools regarding completion statistics. Professor

Hablfitzel indicated that approximately 65 per cent of all

students who were admitted successfully completed the four

and one-half year Zurich Oberrealschule program. Pro-

fessor Bernhard said that some 65 per cent of all students

admitted to the Freies Gymnasium successfully completed

one of the three available curricula. These percentages

were considerably higher than similar success figures for

West Germany and Austria. However, one must consider the

lower percentage of the age group that entered the Swiss

Gymnasien and did so at a higher age, making it entirely
 

possible that a greater part of the selection process had

taken place prior to admission.
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Students--Swiss University
 

The two Swiss universities visited were both

located in the German speaking city of Zurich. They were

the University of Zurich and the Swiss Federal Institute

of Technology. Neither university was large by American

standards. The University of Zurich had a total enroll-

ment of 8,000 students. Approximately 475 students were

taking first-year physics each year; and 65 students took

second-year physics, indicating either a major or minor

level of specialization. At the Federal Institute there

were a total of 6,434 students, of whom 5,735 were at the

pre-Diplom level, somewhat comparable to American under-

graduate status. All curricula at the Federal Institute

included at least one sequence in physics. This meant

that even though smaller in enrollment than the University

of Zurich, there was a far greater proportion of the stu-

dent population in physics each year. There were approxi-

mately 1,250 students enrolled in the first physics

sequences each year, of which approximately 635 students

were enrolled in the science, mathematics, and chemistry

sections of physics. The rest of the students were in

engineering physics sections. It should also be noted

that no student at the Federal Institute took physics

until his third semester of attendance. There were very

few female students enrolled in the physics classes,

probably less than 5 per cent. At the University of

Zurich, approximately 10 per cent of those students
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taking first-year physics were female. According to Dr.

Franz Waldnerl of the University of Zurich, physics stu-

dents could enroll for as many as forty contact hours of

lectures and laboratories each week; however, the average

student took approximately twenty-five to twenty-eight

contact hours per week. This contrasted somewhat with

the students at the Federal Institute. There the stu-

dents followed a more rigorous schedule and were required

to take a class load of between thirty-three to thirty-

eight contact hours per week. The classes were held during

the week days from Monday through Friday with an occasional

evening or Saturday class. The annual calendar was broken

up into two semesters, and the summer semester extended

from the end of April to the middle of July. The winter

semester began at the end of October and concluded in

early March. Both universities followed the same annual

calendar with the school year beginning in the fall

instead of the spring as observed in the Gymnasien.
 

The admission policies of both institutions stated

that any student who had completed a Gymnasium education
 

and successfully passed the Mature had satisfied the

entrance requirements and was guaranteed admission. A

student no longer needed proficiency in Latin to be

admitted to the medical school at the University of Zurich.

 

lInterview, Franz Waldner of the physics staff,

University of Zurich, Zurich, Switzerland, on March 5, 1969.
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This was one indication of how the special requirements

for some programs were gradually being phased out. There

were a very few exceptions to the Mature admission require-

ment at the Federal Institute. According to Dr. Urs

Schrieber,l some students did not have a Mature recognized

by the Federal Institute. These students were admitted

by successfully passing a special examination.

Naturally, the socio-economic status of the uni-

versity students reflected the characteristics of the

Gymnasium population. Basically it was felt that the
 

university students came from middle and upper class fam-

ilies with a very slight trend toward more of the lower-

working classes finding their way through the Gymnasien
 

and on to the universities. The scholarship assistance

in Switzerland was well below the level of West Germany,

and it seemed to be very difficult for a student to

attend the university and work at the same time. In

fact, this was rarely done. The physics students at the

Federal Institute were divided according to the following

vocational interest pattern: 14 per cent were studying

architecture, civil engineering--12 per cent, electrical

engineering--l4 per cent, mechanical engineering-~13 per

cent, chemistry--8 per cent, pharmacy--2 per cent, fores-

try--2 per cent, agriculture--10 per cent, physics and

 

1Interview, Urs Schrieber of the physics staff,

Swiss Federal Institute of Technology, Zurich, Switzerland,

on March 5, 1969.
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mathematics--l3 per cent, biology--9 per cent, military

science--2 per cent, and physical education--l per cent.

Most of the students were planning to complete their

education with the Diplom degree, but some would probably

continue to a doctoral degree. There were no accurate

statistics for the University of Zurich physics students;

but Dr. Waldner indicated that the students who took

physics did so during their first year at the University

and were mostly medical and dental students with some

science teachers, chemists, physicists, mathematicians,

and biologists. Approximately 60 per cent of the 475

first-year physics students were medical and dental stu-

dents. Approximately 25 per cent were students studying

to be physics and mathematics teachers or professional

physicists and mathematicians. The remaining 15 per cent

were planning to continue in the fields of chemistry or

biology.

Since there were no formal examinations or eval-

uation processes at the conclusion of the first-year

physics course at the University of Zurich, it was dif-

ficult to determine accurately the number of students

who were successful. Even so the attendance dropped off

during the course of the first-year physics sequence,

and it was estimated that approximately 70 per cent of

the students who began the one-year course actually

finished it. It was at a later time that their degree
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of success was officially determined, since a compre-

hensive examination was not scheduled until after the

end of two or three years at the University. In this

over-all test, physics proficiency was examined, along

with a number of other subjects. The physics department

at the University of Zurich had begun an unofficial pro-

ject of personal counseling for all students in the

science physics course. This involved approximately

200 out of the total of 450 physics students each year.

Dr. Waldner felt this had helped to save many students

who might otherwise have dropped. The remaining 250

students were in the medical and dental schools, and

their examinations and counseling were provided by the

medical and dental school staffs, respectively. Dr.

Waldner felt that approximately two-thirds of their stu-

dents were still enrolled at the University after one

year.

Students--Swiss Technikum

The next institution to be analyzed was the Gege-

eigem_located at Winterthur near Zurich, Switzerland.

Its full title was the H5here Technische Lehranstalt des

Kantons Zurich. It was generally referred to as the

Technikum Winterthur. The institution was a three-year

engineering college with an enrollment of 950 students.

The program was divided into a total of six semesters

with a very heavy schedule of classes spread throughout
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a five and one-half day week. Classes met Monday through

Friday from 8:00 A.M. to 5:00 P.M. and on Saturday morn-

ings. Each student had a weekly class load of from

thirty-five to forty contact hours. The age span of the

students ranged from twenty to thirty years. The semes-

ters were arranged to provide a fairly uniform academic

exposure throughout the year. The annual calendar followed

the universities more closely than the Gymnasien. The
 

first, or winter, semester began in November and ended in

May. The second, or summer, semester began in May and

ended in October. There were two-week vacations in April

and October plus a six-week vacatiOn in July and August.

Each semester had approximately twenty weeks of classes.

Mr. Hartmann Hirzell discussed the admission criteria

for the school and indicated that most of the students

had completed six years of primary school plus three

years at a secondary school called a Realschule. The
 

young men then enrolled in a three- or four-year appren-

ticeship program. Following the successful completion

of this apprenticeship program, the person was eligible

to make application to the Technikum Winterthur. Usually

the applicant had completed his four-month military com-

mitment between the time he completed his apprenticeship

and the November school beginning. This meant that most

 

lInterview, Hartmann Hirzel, Registrar, Technikum

Winterthur, Winterthur, Switzerland, on March 4, 1969.
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of the newly admitted students were from nineteen to

twenty-one years old. Of the 900 students who applied

each year for admission, only 350 to 400 successfully

passed the entrance examination and were admitted. The

examination covered topics in German, mathematics, and

technical drafting. It was possible for a Gymnasium
 

graduate to be admitted to the Technikum Winterthur, and

approximately 5 per cent of each class had such an edu-

cational background prior to admission.

Both Mr. Hirzel and Professor Hanspeter Stumpl

indicated that the majority of the students were from

lower class and lower-middle class homes. This was

reflected in their non-Gymnasium educational backgrounds
 

and their desire to continue a career in a trade instead

of at a university. It was only after completing an

apprenticeship program that most of the students even con-

sidered entering the Technikum Winterthur. Since the

universities were closed to them, the engineering colleges

offered the only means of continued education without

going back and finishing the Gymnasium
 

All of the students were looking forward to careers

in business, industry, or research-oriented programs. Pro-

grams were designed to prepare students for careers in

architectural engineering, civil engineering, mechanical

 

lInterview, Hanspeter Stump of the physics staff,

Technikum Winterthur, Winterthur, Switzerland, on March 3,

1969.
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engineering, electrical engineering, and chemistry. All

of the programs contained at least two years of physics.

Graduation followed successful completion of the curric-

ulum and the passing of a rigorous comprehensive exami-

nation. The graduate was awarded a diploma recognized by

the Swiss government and all of the Kantons in the country.

The school was greatly similar to the West German EQiXI

technikum in most respects.
 

Of those students who passed the requirements to

be admitted, approximately 70 per cent successfully com-

pleted the physics sequences in the first two years, and

ultimately 65 per cent of those admitted continued on to

successfully complete the full programs plus the final

examination and were awarded the diploma, or Diplom as

it was called in Switzerland. The Technikum Winterthur

did not confer a MeEe£_and so technically its graduates

were still not eligible to enter a university. A few,

however, were admitted each year to the Swiss Federal

Institute to study in specific technical areas.

Students--Jackson Community College

During the academic year 1968-69 there were 3,302

students enrolled at Jackson Community College.1 Of this

group 1,375 were classified as full-time students taking

 

1Jackson Community College, Office of the Regis-

trar, Enrollment Ieformation 1968-69, (Jackson, Mich.:

Jackson Community College, 1969).
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twelve semester hours or more during each semester. The

remaining 1,927 students were enrolled for eleven semes-

ter hours or less. Of this group 898 were enrolled in

collegiate programs, 613 were enrolled in apprenticeship

programs, and 416 students were from area high schools

and enrolled in the area secondary-vocational program.

The total enrollment statistics showed that there were

980 women and 2,322 men enrolled during 1968-69 or approx-

imately 30 per cent and 70 per cent, respectively. During

this same academic year there were 187 students enrolled

in the various offerings of the Physics Department of

Jackson Community College with 26 per cent female and 74

per cent male students. The largest portion of these stu-

dents, over 90 per cent, were enrolled in more than twelve

semester hours and thus were classified as full-time stu-

dents. The average full-time physics student had a weekly

schedule of 15.6 contact hours. This total included lab-

oratory hours as regular contact hours. The student

schedules were spread out over a five-day week with classes

scheduled from 8:00 A.M. to 5:00 P.M., Monday through Fri-

day. Twenty-two per cent of the physics students had at

least one evening class. Evening classes were offered in

a variety of subjects including physics during the time

interval from 7:00 to 10:00 P.M. on Monday through Thurs-

day. There were no Friday evening or Saturday classes

during the academic year 1968-69. The annual calendar of

the school was broken into two semesters, which included
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a total of thirty-two weeks of instruction and a total

of four weeks for registration and examinations through-

out the year. The school year began in early September,

and the first semester ended near the middle of January

with a two-week Christmas vacation. The second semester

began at the beginning of February and ended the first

week in June with a one-week spring vacation at Easter.

Jackson Community College was an "open-door"

institution; that is,a student only needed to have a

high school diploma to be admitted. This did not, how-

ever, mean that all students were admitted to all curric-

ula or specific courses contained in these curricula. In

physics, the students were admitted by the College coun-

seling staff using a combination of criteria. These cri-

teria included the vocational objective of the student,

his high school or college progress in allied subjects,

aptitude tests, and progress in mathematics. Each of the

levels of beginning physics at Jackson Community College

had a mathematics pre-requisite. This requirement ranged

from one year of high school algebra for the lowest level

course to a pre-requisite of one year of calculus for the

first-year engineering physics sequence. There was no

requirement that students should have had previous high

school or college level physics before admission into any

of the beginning physics sequences. During 1968-69

there was an advanced sequence in Modern Physics which
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was offered during the evening and had a pre-requisite

of one year of college-level physics. Only ten students

were enrolled in this particular course. It was possible

for a student to be admitted to Jackson Community College

with little or no previous mathematics and to take remedial

courses in mathematics in order to qualify for admission

into any of the physics offerings. Seventy-seven per cent

of the physics students were between the ages of eighteen

and twenty-one at the time they were enrolled in their

respective physics classes.

Socio-economic data for Jackson Community College

students came from reports supplied by the American College

Testing Program based on the result of a survey of full-

time students at the time of their admission to Jackson

Community College.1 Ten per cent of the students came

from homes with an annual family income of less than

$5,000; 50 per cent came from homes with an annual family

income between $5,000 and $10,000; 29 per cent came from

homes with an annual family income between $10,000 and

$15,000; and the remaining 11 per cent came from homes

with an annual family income greater than $15,000. While

it was difficult to define accurately socio-economic

status from income figures alone, it was known that the

average annual family income for Jackson County was

 

1American College Testing Program, Jackson Com-

munit College Class Profilee! Freshmen 1967-68 and 1968-69

(Iowa City, Iowa: American COllege Testing Program, 1969).
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approximately $8,500.1 This would mean that the vast

majority of Jackson Community College students came from

lower-middle to middle income families with relatively

few from the upper income levels.

The 1968-69 physics students were surveyed to

determine educational and vocational aspirations. Ninety-

two per cent of the students aspired to at least the

bachelor's degree. Four per cent planned to terminate

their education after attendance at Jackson Community

College. Four per cent already had a bachelor's or mas-

ter's degree. Twenty-six per cent of the physics stu-

dents planned to obtain an engineering degree; 16 per

cent planned to obtain a degree in elementary education;

11 per cent planned to teach at the secondary level; 6

per cent planned careers in medicine, dentistry, or vet-

erinary medicine; 8 per cent planned careers in science

other than teaching. The majority of the remaining 33 per

cent were taking physics to satisfy a general education

requirement in science for a senior institution and had

not as yet decided on a specific vocational objective.

Completion statistics for physics students were

known with a high degree of accuracy as they had been

routinely collected for many years. The statistics for

 

1Interview, George Williston, Director, Jackson

United Community Services, Jackson, Mich., on April 1, 1970.
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the academic year 1968-69 were very typical.1 In this

case, completion was defined as finishing the physics

course with a grade of G_or better. Seventy-two per cent

of all students admitted to a physics course completed

the course with a grade of G_or better. Statistics for

the fall semester tended to be somewhat below 72 per cent,

whereas second semester figures were usually above 72

per cent.

Students--Summary

There were definite similarities among the student

populations of the Gymnasien in the three European coun-
 

tries. Males outnumbered females by more than two to one,

and the majority of the students seemed to come from the

middle and upper-class of the population. Annual calen-

dars were similar except for Switzerland, where the first

semester enrollments took place in the spring instead of

the fall. The daily and weekly schedules were such that

the students attended classes during the morning and early

afternoon hours of a six-day week for a weekly load of

from thirty to forty contact hours. The admission pro-

cesses were such that over 90 per cent of those who

applied were admitted to the Gymnasium of their choice.
 

Virtually all students who attended the Gymnasien were
 

 

1Physics Department, Jackson Community College,

"Physics Department Grade Distributions, 1968-69" (Jack-

son, Mich.) (Typewritten.)
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interested in continuing their education at some form of

university and 90 per cent of the graduates continued

their educations. The percentage of students who com-

pleted the Gymnasium constituted between 6 and 9 per cent
 

of the total eighteen to twenty-year-old age group or

about 30 to 40 per cent of those who were initially

enrolled during the fifth to seventh grade.

Universities in West Germany, Austria, and Switzer-

land were similar in most respects as were the Technische
 

Hochschulen from the three countries. Munich University
 

was by far the largest with its enrollment of 25,000 stu-

dents. The rest of the universities and Technische Hoch-
 

schulen had total student populations from 5,000 to 10,000

students, and not all of these students were enrolled in

the beginning physics sequences. At the universities

approximately 6 per cent of the total student population

enrolled in the beginning physics sequences, and males

outnumbered females by about ten to one. Approximately

20 to 25 per cent of the total student body at the Gege-

nische Hochschulen were enrolled in the beginning physics
 

sequences reflecting the highly technical curricula at

these institutions. These students were enrolled in twenty

to thirty contact hours of classes during a five-day week.

Annual calendars extended for approximately thirty weeks

of classes broken into two fifteen-week semesters. All

Gymnasium graduates were eligible to enroll in any uni-
 

versity or Technische Hochschule in their respective
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countries. There were no other admission criteria except

the Latin language requirement for medical students,

which was fading from the scene as the years progressed.

The socio-economic backgrounds of the students were simi-

lar to those found in the Gymnasien except that students
 

from the lower-middle and middle class families were more

apt to enroll at a Technische Hochschule than at a uni-
 

versity. Physics students at the Technische Hochschulen
 

were preparing for careers in engineering, applied mathe-

matics, chemistry, physics, and architecture for the most

part. Physics students at the universities were preparing

for careers in medicine, dentistry, pharmacy, or some

kind of teaching. Because there were few examinations

given, it was difficult to get any data on the percentage

of students successfully completing the first-year physics

sequences. However, several university and Technische
 

Hochschule professors estimated that 70 per cent of all
 

beginning physics students completed the respective

sequences.

The engineering colleges of the three European

countries varied in size but were usually smaller than the

universities and Technische Hochschulen. They varied
 

from several hundred students at the Salzburg Lehranstalt

to several thousand at the Oskar-von-Miller Polytechnikum

in Munich and the Vienna Lehranstalt. Virtually all of

the students were male, and they all were required to
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take some physics as a part of their technical training.

These students carried extremely heavy class loads extend-

ing to forty-five contact hours over a six-day week. Their

school year consisted of up to forty weeks of classes, and

sometimes participation in summer programs was a require-

ment. None of these institutions were able to admit all

of the students who applied. From 45 to 50 per cent of

all who applied were admitted. Of these who were admitted,

from 55 to 65 per cent completed the physics sequences

and went on to graduate in their respective fields of

electrical engineering, mechanical engineering, archi-

tecture, and other technical fields. Most of the students

at the engineering colleges came from working class and

lower-middle class families.

The Kollege were found only in West Germany and

enrolled students who were older than the Gymnasium stu-
 

dents taking parallel programs. All of these students

took physics as did the Gymnasium students. Males out-
 

numbered females by over three to one. There were day

schools and evening schools. The students were enrolled

in from twenty to thirty-five contact hours per week

spread over a.five-or six-day week. This wide variation

in class load was the result of differences in the length

of the total program. Some Kolleg programs were two and

one-half years in length, while some evening programs

were four years in duration. The annual calendars were
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precisely the same as the Gymnasien. The fraction of
 

applicants to the Kollege who were enrolled varied from

10 to 30 per cent. Most of the Kolleg students came

from working class or lower-middle class families. These

students were interested in passing the Abitur examination

to enroll at a university or Technische Hochschule. A
 

high percentage were interested in studying to be engi-

neers, teachers, medical doctors, or other professions

where a university education was a requirement. Depend-

ing upon the particular Kolleg,the percentage of students

enrolled who successfully completed the Abitur varied from

35 to 70 per cent with an overall average of about 50 per

cent.

Most of the physics students at Jackson Community

College were between eighteen and twenty-one years of age.

Men outnumbered women by three to one. The average class

load was about fifteen contact hours spread over a five-

day week. Most beginning physics courses had specific

mathematics requirements for admission. Most of the stu-

dents came from lower-middle to middle class families.

In the beginning physics offerings, the two most fre-

quently cited student vocational objectives were engineer-

ing and teaching, followed by medicine, dentistry, applied

science, and technical careers. Seventy-two per cent of

all students who enrolled in physics sequences completed

them successfully.



CHAPTER V

FINDINGS OF THE STUDY--CURRICULUM

There were four major factors analyzed under the

general topic of curriculum. The first factor consisted

of descriptions of the various physics curricula found at

each institution. The second was a determination of the

level of sophistication of each physics program based on

the inclusion of selected physical principles in the

respective physics courses. The third factor related to

the level of mathematics studied by students who were

enrolled in physics, and the fourth factor dealt with a

general description of the total teaching environment

including the pedagogical techniques used in the instruc-

tional programs. The analyses of the four factors under

curriculum are presented in the same order as the student

findings in Chapter IV, that is, according to country and

institution within that respective country.

Curriculum--West German Gymnasium

Although there were a variety of Gymnasium types
 

in west Germany, only two basic types of physics curricula

were observed in the institutions visited. There was a

106
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physics curriculum for the mathematics and science Gym-

nasien, such as Maria-Theresia in Munich and Christoph

Schreiner in Ingolstadt. The modern language, classical,

and fine arts Gymnasien had a physics curriculum that was
 

identical for all three types of schools, but signifi-

cantly different from the mathematics and science Gym-

nasien in both depth of material introduced and duration

of exposure. The basic curricula for all Bavarian Gym-

nasien were found in an annual publication of the Bavarian

Ministry of Culture.1 In the mathematics and science Gym:

nasien such as Scheiner and Maria-Theresia, physics was

taken during each of the last six years of the nine-year

program. Table 2 gives a summary of the physics curricu-

lum and exposure at this type of Gymnasium.
 

The general approach to physics at the mathematics

and science Gymnasien involved two consecutive cycles of
 

instruction, each three years in duration.

The curricula found at the modern language Gym-

nasien such as Kathatinen in Ingolstadt, at the classical

Gymnasien such as Reuchlin in Ingolstadt, and the fine arts
 

Gymnasien such as Gabrielle in Eichstatt were identical
 

and are presented in Table 3. All students were required

to take physics during Gymnasium years five, six, and
 

seven. During the last two years of their schooling,

 

1Bayerischen Staatsministerium, Schulordnung und

Ausfuhrungsbestimmungen, pp. 71-79.
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TABLE 2.--Physics Curriculum in the Mathematics and Science

Gymnasien in Bavaria by Year and Topic
 

 

Physics Lecture

 

 

Gymgee1um Contact Hours Topics Covered

per Week

1 0

2 0

3 0

4 2 + la Mechanics, statics, hydro-

statics, aerostatics

5 2 + 1 Heat, gas laws, geometric

optics

6 3 Electricity and magnetism,

x-rays

7 3 Kinematics, dynamics,

acoustics

8 3 Electro-magnetic waves,

physical optics, wave

theory

9 3 Atomic physics

 

aIn years four and five there was an additional

one-hour laboratory period each week.
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TABLE 3.--Physics Curriculum in the Classical Language,

Modern Language, and Fine Arts Gymnasien in Bavaria by

Year and Topica

 

Gymnasium Phy31cs Lecture

 

 

Contact Hours Topics Covered

Year per Week

1 0

2 0

3 0

4 0

5 2 Mechanics, statics, hydro-

statics, aerostatics

6 2 Heat, gas laws, geometric

optics

7 2 Electricity and magnetism,

wave theory

8 2b Kinematics, dynamics

9 2 Electromagnetic waves,

atomic physics

 

aThis was the program recently put into effect but

not completely implemented in all schools because of delays

due to staffing and physical facilities.

be physics was elected during years eight and

nine, the students had two lecture hours per week.
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students were given certain options. At the Reuchlin Gym-

1 the students had the option ofnasium in Ingolstadt,

electing physics or chemistry during their last two years.

Biology was not offered as an elective. If the student

elected physics, he had two class hours of physics and

one hour of chemistry per week during his last two years.

If he elected chemistry, he had two chemistry hours and

one of physics during that same time period. According

to Mr. Modesto, the students were quite evenly divided

between the physics and chemistry elections during these

final two years.

At Katharinen Gymnasium in Ingolstadt, a slightly

modified program was presented during these last two years.

A student elected to major in either physics or chemistry.

If physics were elected, then the student took physics

during the eighth and ninth years plus chemistry during

the eighth year and biology during the last year. Each

of the classes met only twice per week. If the student

elected chemistry, then physics was taken during the

eighth year and biology during the last year along with

the two years of chemistry. There was no option to major

in biology provided in the Katharinen curriculum. Approx-

imately 75 per cent of the girls chose to major in chemis-

try, and the remaining 25 per cent continued with the

 

1Interview, Heinz Modesto of the physics staff,

Reuchlin Gymnasium, Ingolstadt, West Germany, on February 21,

1969.
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physics concentration.l At the Gabrielle Gymnasium in

Eichstatt, the students followed the same pattern as at

Katharinen. Enrollments were also similar with approxi-

mately 75 per cent of the students in the chemistry con-

centration compared to 25 per cent in physics.2

Other general observations were made regarding

the relative exposure to the sciences of biology, chem-

istry, and physics. For example, the mathematics and

science Gymnasien students were exposed to sixteen units

of physics, fourteen units of biology, and twelve units

of chemistry during the total nine-year program.3 At

the other types of Gymnasien, a student was required to
 

take six units of physics, ten of biology, and only two

of chemistry. He could expand the physics total to ten

units by electing the additional options. One also gained

the impression that there was a greater emphasis on

physics over chemistry in terms of the required curriculum;

 

1Interview, Ignatz Kumpf of the physics staff,

Katharinen Gymnasium, Ingolstadt, West Germany, on Febru-

ary 4, 1969.

2Interview, Karl Hetzer of the physics staff,

Gabrielle Gymnasium, Eichstatt, West Germany, on Febru-

ary 19, 1969.

3A unit was defined as the number of weekly class

meetings extending through an entire school year. Thus

the unit was equal to two semester hours or three quarter

hours as commonly used in American higher education.
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but when the students were given a choice during their

last two years, they seemed to prefer the chemistry option.

In order to determine the level of sophistication

of the physics taught at the West German Gymnasien, a
 

series of topics in physics were used as criteria. These

were tapics often covered in the first-year physics

courses at United States colleges and universities but

not usually covered in the typical United States high

school physics course. The tOpics were:

1. Kinematics and dynamics using the calculus

. Maxwell's distribution and the kinetic theory

of gases

. Mathematical treatment of the magnetic effects

of current flow

Fresnel and Fraunhofer diffraction

Special theory of relativity

Introduction to quantum mechanicsG
U
I
-
b

u
N

Table 4 shows the relative exposure to each of

these topics at the five Gymnasien visited in Bavaria.
 

It was observed that even though the same topics

were covered at the modern language, classical, and fine

arts Gymnasien as at the mathematics and science Gymnasien,
 

there was no question that the exposure at the latter

institutions was much more rigorous and dealt with all

topics at greater depth.

At this point it should be noted that the students

in all west German Gymnasien had extremely long exposures
 

to mathematics. In the mathematics and science Gymnasien,
 

the students had four to five contact hours per week in

mathematics for all nine years of their Gymnasium
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education. This experience included a range of subjects

from simple arithmetic through algebra, geometry, trigo-

nometry, modern algebra, and calculus.1 The calculus

included the integration and differentiation of transcen-

dental functions. There was some contact with multiple

integrals and partial differentials, and no differential

equations. ~At the other Gymnasien the students had three
 

to four contact hours of mathematics during Gymnasium years
 

one through eight. They had no mathematics in their last

year. The general topics covered included arithmetic,

algebra, geometry, trigonometry, and calculus. The cal-

culus included the integration and differentiation of

algebraic functions but no contact with transcendental

functions. While both types of Gymnasien provided fairly
 

intensive mathematics programs, the mathematics and science

Gymnasien tended to do more with practical applications
 

and problem solving. It was interesting to note that

there was a great deal of transfer provided between the

mathematics and physics classes. This interchange was

encouraged since the same instructor usually had the

students for both their mathematics and their physics.

There was limited use of higher mathematics such as cal-

culus in physics, however, since by the time the students

 

lAlgebra included introductory, intermediate, and

college algebra. Geometry included both plane and solid

geometry. Trigonometry included plane and spherical trig-

onometry.
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were well into the calculus, they had completed their

kinematics and dynamics where the calculus could have

most easily been included.

After some fifteen to twenty interviews with West

German teachers and administrators plus sitting in some

forty-five different physics classes, a rather clear

picture of the physics instructional pattern emerged.

The basic setting for the physics class was a lecture

room with a capacity of from 100 to 200 peOple but con-

taining a class of from fifteen to twenty-five students.

The pedagogical approach was centered around carefully

prepared lecture-demonstrations. While there was a good

deal of interchange between instructor and students, the

instructor adhered to a rigid schedule of what topics to

cover and precisely when these were covered. It was pos-

sible to look at the standard Bavarian lesson plan and

realize that every class planned to study the same topics

in physics on any given day with only an exceptional

deviation. Most instructors adhered to this pattern so

closely that many students followed the lectures with

notebooks prepared by students in classes from years gone

by. This observation seemed to verify the rigidity and

permanence of the lesson plans. While there were text-

books for all of the physics classes, there was great

reliance on the instructor's lecture notes and the prob-

lems that the instructor assigned independent of the
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problems found in the text. Since there were very few if

any laboratory experiences for the students, they took

data from demonstrations performed by the instructor in

the lecture room. The use of films, television, and other

audio-visual materials was never observed, although some

instructors said they occasionally used slides or the

over-head projector. Several instructors stated that

they used the same techniques and created the same atmos-

phere they had experienced in the lectures of their own

university days. The only difference between the two

situations was that the Gymnasium class was much smaller
 

and hence provided the opportunity for steady interchange

between the professor and the students. Since an instruc-

tor often stayed with a class from Gymnasium years four
 

through nine for both mathematics and physics, there was

an opportunity for a very close relationship between

instructor and students. Also, since the students stayed

together as a class for virtually all subjects, there was

a good deal of comradeship among the students. In many

cases they had been in all of the same classes with the

same fellow students for the entire nine-year period.

The comment was heard frequently from West Ger-

man physics teachers that they wished they could expose

their students to more laboratory experience. In Bavaria,

students at the mathematics and science Gymnasien did get
 

one laboratory hour each week during the first two years

of their physics program. There were no other formal
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laboratories built into the physics instruction throughout

the remaining four years of physics. Most of the laboratory

exercises performed during the first two years utilized

kits of materials prepared by West German scientific equip-

ment manufacturers. The kits contained apparatus which

allowed students to perform simple experiments in mechanics,

heat, and optics. The other types of west German Gymnasien

visited had no formal laboratory program at all.

When asked why there was no more use of physics

laboratory in the curriculum, physics instructors and

administrators responded that it was simply a matter of

not enough money. Physics laboratories require special

rooms with special facilities. A laboratory program

requires additional funds for student equipment and

materials, frequently in multiple sets. A laboratory

program also requires qualified teachers which would

have added to the cost of staffing for physics. Thus, the

conclusion was reached that the most efficient way to

operate was to keep the teachers in the lecture situation,

often for twenty to twenty-five contact hours per week.

It was felt that at least the lecture-demonstration

approach provided some minimal exposure to physics instru-

mentation for the students.

While a good deal of money was saved by not equip-

ping special laboratories with multiple sets of physics

.equipment, all of the West German Gymnasien visited had
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very impressive collections of lecture-demonstration equip-

ment. Such items as nuclear electronics devices, gas

lasers, micro-wave generators, and the full range of

mechanics, heat, sound, light, and electrical demonstration

equipment were available at all these institutions. Most

of the instructors said that advanced students were allowed

to perform some experiments with this demonstration equip-

ment on their own time, and that this provided the best

substitute for a formal laboratory program. Some of the

experimental projects observed included the production

of holograms, the building of an analog computer, the

building and use of equipment for radio-astronomy, plus

a great number of less sophisticated projects. Less than

5 per cent of the physics students at the five Gymnasien
 

visited were involved in such special experimental projects.

Thus, the informal program was regarded as less than effec-

tive. It was the concensus feeling of teachers and admin-

istrators that the physics curriculum should have included

associated laboratory experiences for all students through-

out the duration of their physics exposure. Many adminis-

trators felt that physics laboratories would become a

part of the Gymnasien program in the very near future.
 

Several of the chief administrators interviewed were

familiar with the laboratory facilities in United States

secondary schools, and the American facilities were being

used as models in their planning.
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One type of instructional facility that was notice-

ably 1acking in the West German Gymnasien was the school
 

library. Only two of the Gymnasien visited even had a
 

room that was called a library. The most extensive book

collection was found at the Christoph Scheiner Gymnasium

in Ingolstadt. They had approximately 300 volumes, but

the room was open only one hour each morning, and students

found it much more convenient to use the Ingolstadt City

Library which was open in the afternoon when the students

were free.

Curriculum--West German University

The physics curriculum at the Padagogische Hoch-

schule Eichstfitt was unique among West German institutions

of higher education, and so it will be discussed first.

The only physics exposure at the Padagogische Hochschule

Eichstfitt was provided during a two-hour per week class

elected by the students during any one of their three

years at the institution. The class lasted for an entire

year and thus was the equivalent of four semester or six

quarter hour sequence at an American college or university.

The course itself was unique in that it did not go into

any physics beyond that to which a student had been

exposed during a fine arts, modern language, or classical

Gymnasium preparation. The function of the Hochschule
 

course was to provide more of a review and an introduction

to the methods and equipment available for the teaching
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of elementary school science. Thus the students were

being re-acquainted with the basic concepts of mechanics,

heat, sound, light, electricity, magnetism, and some

atomic physics, in that order, at a rather elementary

level. Very little mathematics was utilized in the presen-

tations. The plan of the instruction used a phenomenolog-

ical approach, that is, it presented the physical concepts

almost exclusively through the use of demonstrations and

laboratory exercises. The facilities available for the

physics program had both a lecture capability and a

laboratory capability. The range of demonstration and

laboratory equipment available for the limited enrollment

of two classes of fifteen students each was most impressive.

In fact much of the equipment appeared to be designed to

demonstrate phenomena well beyond the level of SOphisti-

cation of most of the students. A wide variety of teach-

ing techniques were used in this physics sequence. Besides

the lecture-demonstration and the laboratory, some of the

physics classes used outside experts to lecture on certain

topic areas. There was considerably use of sixteen milli-

meter sound film, eight millimeter silent film loops,1

network television, closed-circuit television, over-head

projection, and the use of a video tape recorder. The

 

1These eight millimeter silent film loops were

often referred to as "single concept" films, usually

only three to five minutes in duration.
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last device was used primarily to help the prospective

teachers develop confidence in their technique for per-

forming demonstrations. The syllabus for the course was

developed by the individual professor, and he had a good

deal of flexibility. After conversation with the pro-

fessors and students and observation of the actual

classes, one could not help but conclude that this was

a more varied approach to physics teaching than anything

observed at other West German educational institutions.

Although there was no material beyond a Gymnasium level
 

presented, many of the students commented that this

physics course at the Padagogische Hochschule Eichstatt

provided a level of understanding far above that found

in their previous experience.1 The reason for this

increased comprehension was not due to the review nature

of the course, according to the students, but due pri-

marily to the skill of the professor, the teaching tech-

niques he employed, and the instructional aids available

to him.

The other three West German institutions of higher

education were at the university level and followed a

curriculum similar to that found in American universities.

At the University of Munich, there were two basic groups

 

1Interviews with staff and students of the Pada-

gogische Hochschule, Eichstatt, West Germany, on Feb-

ruary 12 and February 19, 1969.
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of beginning physics students. The largest group was that

composed of medical, dental, and pharmacy students. The

second group was made up of students from physics, mathe-

matics, chemistry, and those other students majoring in

pure science. For the mathematics and physics students,

the beginning physics sequence was three semesters in

length, and the student entered the program during his

first semester of attendance at the University. The

first semester covered mechanics and consisted of two

lectures per week. The rest of the student's schedule

included fourteen contact hours of mathematics and five

contact hours of inorganic chemistry. The mathematics

was primarily analysis and a review of calculus. During

the second semester, physics occupied four lecture hours

per week and covered thermodynamics, electricity, magne-

tism, and acoustics. This term the student had only six

contact hours of mathematics. It was during the second

semester that the student began his physics laboratory,

which took up four contact hours per week. The stated

reason for the lag of the laboratory behind the lecture

was that the student should encounter basic concepts

first in lecture, then test them in the laboratory. How-

ever, several professors indicated that the real reason

for the delay was that the greatest student attrition

took place during the first semester of the student's

first year. By delaying the laboratory until the second
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semester, it was possible to conserve space, equipment,

and staff time since fewer students needed to be accommo-

dated.

The student also had a chemistry laboratory for

four hours per week but no chemistry lecture. It was

interesting to note that during the entire first year

the student completed the equivalent of thirty-nine

semester hours in just the three areas of mathematics,

physics, and chemistry. This was in line with the assump-

tion that a student's general education had been completed

at the Gymnasium and that at the university academic

specialization began immediately.

During the third semester the student continued

the beginning physics sequence with two hours of lecture

per week. He studied optics and quantum physics. He

also carried six hours of applied mathematics for physi-

cists and continued to have four hours of physics labor-

atory per week. In addition, he took six hours of engi-

neering mechanics.

The completion of three semesters ordinarily

marked the end of the first phase in a university stu-

dent's career. It was at this time that he could write

his first major examination called the verdiplomprfifung
 

or pre-diploma examination.

The level of the physics lectures for mathematics

and science students was quite sophisticated. Although
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several professors stated that they taught their begin-

ning courses as if the students had never had any previous

Gymnasium physics, they realized that the student with
 

the stronger background had the greater chance for success.

Their arguments for not assuming prior physics experience

were based on the fact that even the students in the

mathematics and science physics sequence might have had

anywhere from three to six years of Gymnasium physics
 

with a great deal of variation due to differences in

Gymnasium quality, Abitur ranking, previous instructor

quality, and a host of other factors. Thus the university

professor assumed nothing from the student except a

reasonably good mathematics background. Many of the pro-

fessors interviewed felt that mathematical proficiency

was far more important than previous physics experience

for producing success in university physics. This may

account for the extremely heavy exposure to mathematics1

during the first semester of the first-year program.

The physics professors used calculus throughout

the beginning physics sequence, and this was also a

reason to demand a high level of mathematical maturity.

The first sequence covered the kinetic theory of gases

using the classical Maxwell's distribution; it dealt

rigorously with the magnetic effects of current flow,

 

1This was the equivalent of fourteen semester

hours at the University of Munich during the first aca-

demic year.
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physical optics including both Fresnel and Fraunhofer

diffraction, the special theory of relativity, and a

thorough introduction to quantum mechanics. These were

exactly the six topics in physics used to gauge the level

of sophistication of the Gymnasium physics program. It
 

was evident that the mathematics and science Gymnasium
 

graduate had a distinct advantage in the university

physics over his rival who may have studied at a modern

language, classical, or fine arts Gymnasium.
 

The two semester laboratory sequence bore amazing

similarities to its counterpart in the United States. It

was usually taught by a graduate student in physics. The

students worked in groups of two and were expected to

complete an average of two experiments per week. Formal

laboratory reports were written and turned in to the

graduate student instructor for grading. Each student

was expected to perform approximately twenty-five exper-

iments during each of the two semesters. The experiments

were selected from the various areas of classical physics

such as mechanics, heat, light, sound, electricity, and

magnetism.

The second group of beginning students, composed

primarily of medical and dental students, had only a

two-semester sequence in physics, which they took during

their first year at the university. Each semester had

five contact hours of lecture per week. The first
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covered the topics of mechanics, thermodynamics, and

acoustics; and the second semester covered electricity,

'magnetism, and optics. As was the case for the science

students, physics laboratory did not begin until the

second semester and concluded during the third semester,

even though the students had no physics lecture during

the final semester. The general tone of this physics

sequence was less rigorous than that for the science

section. There was less emphasis on mathematics, although

calculus was used freely throughout both semesters of the

program. The two-semester sequence did not cover the

special theory of relativity or quantum mechanics; how-

ever it did handle the other four cited topics with fairly

rigorous treatments.1 The two-semester laboratory sequence

was very similar to the one for the science section.

Although the students were provided a different lecture

course, they performed essentially the same experiments

according to the same time schedule as their counterparts

in the physics and mathematics sequence.

The heart of the teaching method in physics at

the University of Munich and at the other West German

universities was the lecture-demonstration. Class sizes

for the lectures varied between 250 and 750. The lectures

 

1Kinematics and dynamics with calculus, Maxwell's

distribution and the kinetic theory of gases, rigorous

treatment of the magnetic effects of current flow, and

Fresnel and Fraunhofer diffraction.
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and the accompanying demonstrations were productions

worthy of stage or screen. The professor in charge of

the class was usually assisted by at least four junior

instructors, several assistants, and technicians. Every

lecture had several complex demonstrations which illus-

trated the significant points in the lecture. The over—

head projector, opaque projector, and various types of

film projectors were used liberally throughout all of

the physics sequences. Assistants spent hours assembling

and setting up the demonstrations that were used during

these lectures. Because of the size of the lecture

sections, there was no opportunity for any class par-

ticipation. In fact, it was not unusual to see students

wandering in and out during the fifty-minute period,

and only the few seated near the front of the lecture hall

seemed to be intent on what was happening on the podium.

Professor Meyer-Berkhout at the UniverSity of Munich1

indicated that this casual attitude of the students was

something that all of the professors had learned to live

with, and that he felt the only solution was to go to

much smaller lecture sections.

There were no textbooks for any of the beginning

physics sections at the University of Munich. The

material for study consisted of the lecture notes

 

4

1Interview, Ulrich Meyer-Berkhout of the physics

staff at the University of Munich, Munich, West Germany, on

April 24, 1969.
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accumulated during the course. It was interesting to note

that all of the references cited as outside reading for

the students were popular textbooks used in American col-

leges and universities.1 Professor Meyer-Berkhout com-

mented that there were very few good German physics texts;

and since all of the students had a good level of English

comprehension, he had no qualms about assigning American

texts as references. Some provisions were made for

assisting students who desired special help. There

was a designated two-hour period one evening each week

when one of the teaching assistants was available to help

students. Student response had been so poor, however,

that there was great doubt that the sessions were pro-

viding any real assistance.

The beginning sequences in physics at the Univer-

sity of Erlangen were sufficiently different from the

University of Munich to warrant some special comment.

There were two major beginning physics sequences, one for

medical and dental students and the other for science stu-

dents. Each was two semesters long. Neither of them had

an associated physics laboratory. The medical and dental

 

1The books cited included all volumes of the

Eerkeley Physics Course, Modern University Physics by

Richards, Sears, wehr, and Zemansky, Fundamentais of Elec-

tricity and Megnetism by Kip, all volumes of The Feynman

Lectures onPhysics, and Physics by Halliday and Resnick.
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physics sequence met for four contact hours of lecture-

demonstration each week. In the course of the year this

was equivalent to an eight semester or twelve quarter

hour sequence. The same topics and the same degree of

rigor were exhibited as in the comparable course at the

University of Munich. These students did not begin their

physics laboratory until the second year; then they spent

one afternoon per week for two semesters performing a

series of fairly traditional elementary physics experi-

ments.

The science students had a two-semester physics

sequence with four hours of lecture each week and two

hours of recitation during the first semester. One hour

per week was devoted to an orientation laboratory to

acquaint the students with various measurement devices.

It was not a laboratory experience in the traditional

sense. During the second semester, the science students

had five lecture hours plus two recitation hours per

week. This sequence was equivalent to fourteen semester

hours or twenty-one quarter hours using a credit hour

1 In addition the science students took aequivalent.

total of ten semester hours of chemistry and twenty-two

semester hours of mathematics during the first year. This

 

1The University of Erlangen was considering a pro-

posal that would add a two-hour introductory theoretical

physics course during the second semester to introduce the

students to special relativity and quantum mechanics.
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plus the physics yielded a total load equivalent load of

forty-six semester hours for the first year.

The science sequence utilized calculus throughout

and covered mechanics, thermodynamics, acoustics, elec-

tricity, magnetism, and optics to the same degree as at

the University of Munich. The significant differences

were that the Erlangen students had more contact hours,

took two semesters of physics instead of three, and did

not cover modern physics and relativity. They also

delayed the laboratory experience two full semesters from

the beginning of the lecture course instead of one semes-

ter as was the case at the University of Munich.

The teaching program at Erlangen was essentially

the same as at Munich with large lecture sections and many

sophisticated demonstrations. In addition, Erlangen had

recitation periods which the students were encouraged to

attend. Although these were staffed by graduate assis-

tants, attendance was good and the students participated

with questions and comments to a very great extent. Pro-

fessor Fleischmann,l of the physics staff, stated that

it was felt there was greater student interest in the

lecture classes since they had instituted the recitation

classes. He also felt that the students found it easier

to keep up and did not have a tendency to be overwhelmed

 

1Interview, Rudolf Fleischmann of the physics

staff, University of Erlangen, Erlangen, West Germany, on

May 7, 1969.
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by new lecture material. Professor Fleischmann was

regarded by his colleagues as the finest lecturer in the

physics department at Erlangen. During a visit to his

first-year science physics class, he was observed lectur-

ing to a group of over 350 students in a room that seated

250. The overflow stood or sat in the aisles and on the

floor in front of the chairs. Most of the extra students

were not even enrolled in physics but merely came to

watch the master teacher in action. At the conclusion of

each of his physical demonstrations, the students would

break into applause. This response seemed to spur Pro-

fessor Fleischmann on to greater levels of enthusiasm as

he lectured on the topics for the day. He interjected

anecdotes and displayed a keen sense of humor as he pro-

ceeded. While some professors felt that the large lecture

class had serious disadvantages, Professor Fleischmann's

success seemed to make a case for the large lecture as

the only way to expose a great many students to a teacher

of high caliber.

The traditional laboratory for the science physics

students began during the third semester. This laboratory,

or Praktikum as it was called, continued for two semesters.

The topics covered in the laboratory were very much the

same as found in the traditional first-year physics labora-

tory in an American college or university. The laboratory

plan was almost identical to the program found at the Uni-

versity of Munich.



132

For the students who continued on in fields where

additional physics was required, the second-year program

included a two-semester sequence in atomic physics which

included concepts of modern physics and special relativity.

There was a departure from the traditional uni-

versity approach observed at the Munich Technische Hoch-

schule. Although all students at this institution took

physics, none of them began their physics sequences until

their second semester of enrollment. The reason given was

that this allowed the students to take one semester of

mathematics at the Hochschule level prior to beginning
 

their physics, and that this produced a higher probability

for success in the subject. All students, both physics

majors and all types of engineers, took a similar program

during their first semester at the Munich Technische Hoch-

schule. This included calculus, linear algebra, chemistry,

technical electricity or technical mechanics, and an elec-

tive such as glass blowing or machine shop. The total

program occupied thirty contact hours per week during the

first semester. During the second semester the students

continued their calculus and linear algebra; but instead of

continuing chemistry, they began their physics. Physics

occupied four lecture-recitation hours per week plus a

three-hour laboratory per week. The remaining courses

during this semester included the continuation of the

technical mechanics or electricity and the elective

glass blowing or machine shop for a total of thirty
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contact hours. For most of the engineers, the physics

sequence was completed during their third semester at

the Hochschule, that is,after the two-semester sequence
 

in physics and the accompanying laboratory. For students

majoring in physics, mathematics, and electrical engineer-

ing, the physics sequence was three semesters in duration.

In both sequences calculus was used freely and the tra-

ditional topics of mechanics, thermodynamics, acoustics,

electricity, magnetism, and optics were covered at very

sophisticated levels. The two-semester sequences did

little in the areas of modern, atomic, or relativistic

physics while the three-semester sequence covered these

topics with some completeness. The three-semester sequence

also included a rather heavy dose of introductory quantum

mechanics. During the third semester of enrollment, the

students had some fourteen contact hours of mathematics,

which included differential equations and applied mathe-

matics in addition to second-semester physics. The stu-

dents also had an opportunity during this semester to

elect one of their three liberal arts courses required

during the five-year program. The total contact hour

load for the student was reduced to twenty-six hours dur-

ing this semester. During the fourth semester, the stu-

dents taking third-semester physics also took mathematical

analysis, theoretical mechanics, and the second liberal

arts elective in their program. The total weekly contact

load carried by the students during this semester was
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twenty-two hours, which was a drastic reduction from the

much heavier load carried during their first two semesters.

As in the other West German universities, the

bulk of the beginning physics teaching at the Munich Tech-

nische Hochschule was done in the large lecture halls with

class sizes from 250 to 800. There was a somewhat more

rigid atmosphere than that observed at the universities.

Class attendance was checked, and a student was required

to be in the lecture at the assigned time. As in other

universities, the lecture classes were very carefully

produced and used highly sophisticated demonstrations,

over-head projectors, opaque projectors, "single concept"

films, sixteen millimeter sound films, and virtually

every type of audio-visual aid. Each of the students in

beginning physics was required to attend a small recitation

or quiz section one hour each week, where junior professors

discussed the material presented in the lectures and

answered questions that the students might have had.

The physics laboratory began during the same

semester as the physics lecture and was not delayed as

at the universities at Munich and Erlangen. The laboratory

continued concurrently with the lecture throughout each

physics sequence. This meant that most of the engineering

students had two semesters of physics laboratory with

their two-semester physics lecture; and the students

majoring in physics, mathematics, or applied science had
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a three-semester physics laboratory accompanying their

three-semester lecture-recitation sequence. Both labora-

tory sequences covered experiments of a rather traditional

nature during the first two semesters. This included

experiments in mechanics, thermodynamics, acoustics, elec-

triCity, magnetism,_and optics during the first two semes-

ters. During the third semester of the laboratory for

science majors, most of the experiments were performed

in the areas of atomic and nuclear physics.

Another deviation from the traditional approach

to university physics teaching was observed at the Munich

Technische Hochschule. While the reading reference list

included the typical American physics books, students

were required to purchase a textbook for the beginning

physics courses; and it was followed more or less by the

lecture professor. The text for the first two semesters

of both sequences consisted of a series of paperbacks

written by Professor Edgar Liischer.l The course for the

science majors during the third semester centered on

modern atomic and nuclear physics. The professor's

lecture notes and references were the primary reading

material.

Although the beginning physics students were not

called upon to present lengthy written assignments that

 

1Edgar Lfischer, Geperimental Physik_I und II

(Mannheim, West Germany: Bibligraphisches Institut, 1966).
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required large amounts of outside reading, there was a con-

siderable need for the student to use the libraries for

reference reading and study. All three West German uni-

versities and the Pedagogische Hochschule had excellent

library facilities that were used extensively by almost

all students, including the beginning physics students.

This was in sharp contrast to the students at the Gym-

nasium level, where there was usually no school library;

and if one existed, it was very rarely used by any of the

students.

Curriculum--West German Polytechnikum
 

The Oskar-von-Miller Polytechnikum was located in

Munich and had a variety of three-year programs each

divided into six semesters. All of the curricula required

the students to take some physics, and Table 5 shows the

number of lecture hours per week devoted to physics in

each of the eight curricula.

According to Dr. Anselm Vogell the basic topic

covered in the first semester in all curricula was

mechanics, both static and dynamic. The second semester

was devoted to thermodynamics, mechanical waves, and optics.

The third semester covered electricity, magnetism, and a

general treatment of complex wave motion. The civil

 

1Interview, Anselm Vogel of the physics staff,

Oskar-von-Miller Polytechnikum, Munich, West Germany, on

April 11, 1969.
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TABLE 5.--Physics Lecture Hours per Week for Each of the

Curricula at the Oskar-von-Miller Polytechnikum

 

 

 

Semester

Curriculum

1 2 3 4 5

Mechanical Engineering 6 4 4 0 0

Heat, Water, and Gas Technology 4 4 6 0 0

Civil Engineering 2 2 0 0 0

Electrical Engineering 4 4 4 0 0

Optical Technology 6 6 6 0 0

Paper Technology 4 4 4 0 0

Architecture 2 2 2 0 0

Industrial Engineering 4 4 4 0 0
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engineering students alone were not introduced to the

latter topics as this curriculum had no physics during

the third semester. There were great variations among

curricula in the depth to which various topics were con-

sidered. The number of lecture hours per week was a good

measure of the depth of consideration. (See tables.) It

was also noted that many curricula included a variety of

physical principles in courses beyond the third semester,

but these courses did not carry physics as a title. Since

all of the students enrolled were either Realschule or
 

Gymnasium graduates, a certain prior knowledge of physics
 

was assumed. This assumption permitted treatment of the

various topics in physics at about the mathematics and

science Gymnasium level. There was no consideration of
 

the kinetic theory of gases using Maxwell's distribution,

and there was very little discussion of the magnetic

effects of current flow. Electrical engineering students

went into this latter topic in specialized courses but

not in a physics course. There was no discussion of

Fresnel and Fraunhofer diffraction; but again, the students

in optical technology considered these topics in special-

ized courses during their fourth, fifth, and sixth semes-

ters. No curricula considered special relativity or

quantum mechanics, although a nuclear technology program

was under consideration that would consider all of the
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above physical principles.1 Since physics was taken dur-

ing the beginning semesters of all curricula, there was

little opportunity to utilize the mathematics that many

students were required to take. Some curricula required

mathematics through integral and differential calculus,

differential equations, vector analysis, and computer

programming with applications. This mathematics was woven

into the advanced courses required of all students during

their fourth, fifth, and sixth semesters.

The physics classes were taught in very modern

facilities with excellent demonstration equipment. Classes

ranged in size from forty to sixty students. All students

were required to take a physics laboratory during their

second and third semesters. This was true also for civil

engineering students even though they had no physics

lecture during this third semester. The laboratory classes

were limited to a maximum of twenty students. The emphasis

in the lectures was on excellent demonstrations, and there

was little opportunity for participation by individual stu-

dents. The lectures made use of a variety of audio-visual

methods including over-head projections, opaque projections,

movies, the "single concept" film, closed-circuit tele-

vision, and a computer terminal located in the lecture hall.

 

1Interview, F. w. Stanek of the physics staff,

Oskar-von-Miller Polytechnikum, Munich, West Germany, on

April 11, 1969.
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In this sense the Polytechnikum was very similar to the
 

universities. There were physics textbooks for all

courses, and they were followed quite closely. There was

no Ministry of Education lesson plan to follow; the plan

of study was determined by the Oskar-von-Miller physics

staff in consultation with representatives from the

various technical departments.

The experiments performed in the laboratory were

in the basic areas of statics, dynamics, thermodynamics,

optics, electricity, and magnetism. The laboratory met

for a two-hour period each week, and the student was

expected to complete one experiment during each time

period.

The Oskar-von-Miller Polytechnikum had an excel-

lent library which was shared by students and staff. The

facility was regarded with great pride by the staff, and

its use was encouraged by all departments.

Curriculum--West German Kolleg
 

The Bayern Kolleg at Augsburg and the Munich Kol-

leg were day Kollege, and both followed the same curric-

ulum as the last three years of the modern language Gym-

nasien. This three-year program was compressed into two

and one-half years divided into five semesters at the

Kollege. During the first three semesters the students

were required to take physics for three contact hours per

week, about the same as the Gymnasien described in Table 3.
 



141

Beginning with the fourth semester of the Kolleg, the modern

language student had a choice between three hours of physics

and two contact hours of chemistry or three contact hours

of chemistry and two of physics for his last two semesters.

This degree of emphasis compared to the options in the modern

language Gymnasium during their last two years. At the
 

Bayern Kolleg at Augsburg, approximately 60 per cent of

the students elected to concentrate on physics during

their last two semesters.

The Abendkolleg at Munich allowed three full years

instead of two and one-half to duplicate the final three

years of the comparable gymnasium programs. Its modern
 

language section required the students to take physics

all of these last three years with three lecture hours

per week. There was little chemistry taught; so the stu-

dents had no option open to them as at the other Kollege

or Gymnasien. The mathematics and science branch of the
 

Munich Abendkolleg required five lecture hours of physics

per week for the full three years. There was an economics

branch of the Abendkolleg, and it had a physics curriculum
 

identical to the modern language section.

There were no laboratories associated with any of

the various Kolleg physics programs. The topics covered

at all three Kollege and in all curricula included elec-

tricity, magnetism, theory of waves, kinematics, dynamics,

electromagnetic waves, and atomic physics, in that order.
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The mathematics and science section of the Munich Abend-

kolleg pursued all of these topics to a greater depth

than the other Kollege and the other curricula. These

were all standard Bavarian physics curricula, and Table 4

gives the level of exposure to the various physics prin-

ciples. The Bayern Kolleg at Augsburg, the Munich Kolleg,

and all three curricula of the Munich Abendkolleg had some

introduction to the magnetic effects of current flow,

Fresnel and Fraunhofer diffraction, and quantum mechanics.

They had no mechanics with calculus, no kinetic theory of

gases with Maxwell's distribution, and no special rela-

tivity.

There was some variation in the level of mathe-

matics taught among the various curricula encountered at

the three schools. The students in the mathematics and

science curriculum at the Munich Abendkolleg had integral

and differential calculus of both algebraic and transcen-

dental functions. The economics and modern language cur-

ricula, along with the Bayern Kolleg at Augsburg and the

Munich Kolleg, had integral and differential calculus of

algebraic functions only. None of the Kolleg students

had any exposure to differential equations.

The physical facilities in use at all three Kollege

were far from ideal. The Bayern Kolleg at Augsburg and

the Munich Kolleg were using facilities abandoned by other

Gymnasien. The Munich Abendkolleg met only in the evening
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and used the facilities of a day Gymnasium for girls. In
 

all three cases, however, the basic teaching environment

and the pedagogical techniques were identical to those

found in West German Gymnasien. The Kollege physics pro-
 

grams were centered around lectures and associated demon-

strations. All of the Kollege operated with very meager

equipment inventories so that they were able to demonstrate

only a few phenomena with low quality apparatus. The

physics classes were conducted in lecture halls with capac-

ities of 80 to 100 students. However, the physics classes

observed never exceeded an enrollment of twenty students.

The atmosphere was similar to the Gymnasium setting with a
 

great deal of interchange between students and instructors.

The textbooks used were the same as those used by the

West German Gymnasien. The Kollege had very low operating
 

budgets, and no audio-visual equipment or materials were

observed at any of the institutions. None of the Kollege

had libraries either.

Curriculum--Austrian Gymnasium
 

As in west Germany there were a variety of Gym-

nasium types in Austria, although the Austrians seemed

more inclined to combine several Gymnasium types under one
 

roof. This was due to a pattern of Gymnasium education
 

that pervaded all of the Austrian institutions. The eight-

year Gymnasium program was split into two four-year sections.
 

The first four-year period was called the Unterstufe, or
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lower level. The program in the first four years was the

same for all students in all Gymnasium types. Any var-
 

iations in program occurred during the second four-year

level called the Oberstufe. The Unterstufe and the combi-
 
 

nation of Oberstufen were housed in the same building and
 

under the jurisdiction of the same administration and

staff. It should be noted also that the eight-year Austrian

Gymnasium.was in the process of giving way to a new nine-
 

year program. The new program, though established through

legislation in 1963, had not yet been put into effect.

The new plan maintained the two levels, but the Oberstufe

became five years long instead of the previous four years.

The types of Gymnasien visited in Austria included
 

the Realgymnasium, which had two branches, a science

branch and a mathematics branch. The only significant

difference between the two was that a student in the

science branch took descriptive geometry during grades

five and six, and a student in the mathematics branch did

not. The rest of their respective curricula was virtually

identical. All six Austrian Gymnasien visited had a Real
 

section, usually the mathematics branch. Other Oberstufe

types included the Humanistisches Gymnasium, or classical

curriculum with emphasis on classical languages, the

Neusprachliches Gymnasium, or modern language curriculum

with emphasis on English, French, and Spanish, and the

fine arts Gymnasium, which specialized in the preparation
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of students who planned to teach in the Austrian elementary

schools. As stated in Chapter IV, the exception to the

existing Gymnasium pattern was found at the Werkschulheim
 

Felbertal located at Ebenau near Salzburg. Its nine-year

program was quite unique since it combined an academic

education with an apprenticeship program.

Table 6 gives the general physics curriculum and

topic exposure in the Realgymnasium branches of the various
 

mathematics and science institutions visited. The Werk-

schulheim in Ebenau was not included and will be separately

discussed. There was somewhat of a cyclic approach to the

material since several aspects of physics, namely elec-

tricity, magnetism, and optics were dealt with at two

widely separated times with different levels of sophisti-

cation.

Table 7 indicates the structure and content of

physics instruction at the other Gymnasium types. When
 

one compared the two basic types of physics curricula, it

was obvious that the same general topics were covered,

but that there was a greater depth of topic penetration

at the mathematics and science Gymnasien.
 

It is significant to note the exposure these

same students had to the other sciences of biology and

chemistry. A student at a classical language, modern

language, or fine arts Gymnasium had a total of fifteen
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TABLE 6.--Physics Curriculum in the Mathematics and Science

Gymnasien in Austria by Year and Topic

 

Physics Lecture

 

 

Gygzgiium Contact Hours Topics Covered

per Weeka

1 0

2 2 Measurement, hydrostatics,

aerostatics, heat, mete-

orology, and acoustics

3 2 Mechanics, gas laws, magnetism,

electricity

4 l Geometric optics

5 2 Dynamics, kinematics, kinetic

theory of gases, thermodyna-

mic

6 3 Hydrodynamics, aerodynamics,

non-linear motion, theory of

fields, astronomy, vibration

and waves

7 2 Geometric optics, special rel-

ativity

8 2 Electricity, magnetism, atomic

physics, introduction to

quantum mechanics

 

aThere were no physics laboratory hours scheduled

at any of the Austrian mathematics and science Gymnasien.
 



147

TABLE 7.--Physics Curriculum at the Classical Language,

Modern Language, and Fine Arts Gymnasien in Austria by

Year and Topic

 

 

Physics Lecture

 

 

Gygzziium Contact Hours Topics Covered

per Weeka

1 0

2 2 Measurement, hydrostatics,

aerostatics, heat, mete-

orology, and acoustics

3 2 . Mechanics, gas laws, magne-

tism, electricity

4 l Geometric optics

5 0

6 2 Dynamics, hydrodynamics, aero-

dynamics, kinematics, thermo-

dynamics

7 3 Geometric optics, non-linear

motion, vibration, waves,

electrical charge

8 2 Electricity, magnetism, phys-

ics of particles and rays,

atomic physics

 

aThere were no physics laboratories at any of the

three Gymnasien visited.
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units1 of biology and geography compared to twelve units

of physics during the eight years at the Gymnasium. This
 

same student had only eight units of chemistry. At a

mathematics and science Gymnasium a student had nineteen
 

units of biology and geography and ten units of chemistry,

compared to fourteen units of physics. In both Gymnasium
 

categories the bulk of the biology and geography was

taught during the first four years of school; and during

the last four years, the Oberstufe, all students took
 

more physics than either biology or chemistry by a con-

siderable margin.

Using the topic list from Table 4, the two

types of curricula were compared at the Austrian Gygr

nasien. Since so many of the Austrian institutions were

multiple branch schools, it was more meaningful to com-

pare Gymnasium types than actual institutions. Complete
 

consistency between types of Gymnasium and level of
 

sophistication was observed.

Austrian students had no option during the

last two years as was the case for many of their West

German counterparts. It was interesting to note that

the Austrians provided this heavier physics exposure

 

1Once again, a unit was defined as one contact

hour per week for an entire school year. Thus a Gymnasium

unit was equivalent to two university semester hours or

three quarter or term hours.
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in an eight-year Gymnasium rather than the nine-year insti-
 

tutions of west Germany.

According to the observations indicated in

Tables 4 and 8, the general level of soPhistication in

physics was as high, in fact higher, in the Austrian Gym-

nasien than that observed in West Germany. This obser-

vation was reinforced by many conversations with both

Austrian and West German physics students and teachers.

This higher level of sophistication was found also in

the mathematics that the students were taking along with

their physics. The mathematics was much more independent

from the physics with less physical application. This

lack of articulation between physics and mathematics was

easily explained. Where in West Germany, the physics

instructor usually taught mathematics to his physics stu-

dents, this was not always the case in Austria. The

certification process for physics teachers in Austria

often allowed a professor1 who qualified to teach all

levels of Gymnasium biology to teach just the Unterstufe
 

physics, that is the physics in Gymnasium.years one
 

through four. Since the same instructor did not usually

teach any mathematics, this seemed to cause some lack of

articulation between mathematics and physics at the

 

1All Gymnasium teachers in Austria carried the

title of professor unless they had received an earned

doctorate, in which case their title was Doctor.
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TABLE 8.--Selected Physics Principles and the Year They

were Introduced at the Various Types of Austrian Gymna-

siena

 

Topic

Gymnasium Year Covered
 

 

  

 

Mathematics Classical Language,

and Science Modern Language, and

Gymnasien Fine Arts Gymnasien

l. Kinematics and dy-

namics with cal-

culus never never

2. Maxwell's distri-

bution 6 never

3. Magnetic effects

of electrical

current flow 8 8

4. Fresnel and Fraun-

hofer diffraction 7 7

5. Special relativity 7 8

6. Quantum mechanics 8 8

 

aThis uses a numbering system of Gymnasium grades

one through eight even though the Gymnasium constitutes

actual school years five through twelve.
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lower levels that was not observed in West Germany. The

reason that biology professors were pressed into physics

teaching was simply that physics professors were scarce

and biology professors more plentiful, coupled with the

fact that biology teachers had enough physics included

in their preparation to handle the lower level physics

offerings. During the last four years of Gymnasium, the
 

Oberstufe, the physics was taught by people who had com-
 

pleted their teacher preparation with a major in physics

and usually a minor in mathematics.

Physics teachers in the Austrian Gymnasien did not
 

have preparations comparable to the West German physics

teachers who had the equivalent of a double major in

physics and mathematics. The preparation for mathematics

teaching in west Germany was identical to the training

to teach physics, since in fact the same people taught

both subjects at the Gymnasium level. This was not the
 

case in Austria. The Austrian mathematics professor had

a different preparation than a physics professor; and

though he often was qualified to teach Gymnasium physics,
 

he was not always so prepared. This qualification was a

function of the individual teacher's minor subject during

his university training. It did not have to be physics

but could have been in languages, biology, or any other

academic area in the Gymnasium curriculum.
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All Austrian students took mathematics throughout

their entire Gymnasium tenure and in general achieved
 

a slightly higher level of exposure in the calculus than

their west German counterparts. In West Germany, only

students at the mathematics and science Gymnasium.had
 

differential and integral calculus through transcendental

functions. In Austria, students at all types of Gymnasien
 

had differential and integral calculus through algebraic

and transcendental functions. As in West Germany, no

Austrian students had had any significant exposure to

differential equations.

The teaching techniques used in the Austrian Gym:

nasien were very similar to those observed in West Ger-

many. The size of the physics classes visited ranged

from a maximum of thirty students1 to a minimum of twelve

students. The basic technique used in the classes was a

lecture-demonstration approach. There were no physics

laboratories in any of the Austrian Gymnasien; so the
 

only contact that students had with equipment was during

their lecture periods. Often experiments were set up in

the lecture hall, and data were taken by the whole group

as the professor, aided by one or two students, performed

the manipulations on the measuring devices. Typically,

 

1The Austrian federal teachers union had negotiated

an agreement with the government that set a mandatory upper

limit of thirty-six students in any one class.
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physics classes were taught in lecture rooms with capaci-

ties of 80 to 120 students. In many ways the rooms

resembled the lecture halls found in the universities

with ramped seating’and facilities for controlled light-

ing. The small classes that usually occupied such large

facilities seemed slightly out of place.

Even though physics classes were conducted in

rather formal facilities with a university lecture atmos-

phere, there was a great deal of student participation.

Students asked questions quite freely concerning demon-

strations being performed and were frequently called

upon to recite, to answer questions posed by the professor,

or to solve problems at the chalk board.

All physics classes had textbooks; but because

they were considered of poor quality, the lecture notes

of the professor were followed rather closely along with

the text. The professors used lesson plans developed by

the federal education office, but some measure of indi-

vidual freedom on the part of the instructor was still

allowed. This contrasted sharply with the lower level

west German physics programs and seemed to follow the pro-

cedure more often found at the West German university level.

Some comment must be made concerning the general

school environment in Austrian Gymnasien. The buildings
 

were generally worn and in need of repair. The demon-

stration equipment, even in the large urban Gymnasien,
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was usually quite old and extremely limited. The class-

rooms were bare and drab and rather Spartan in character.

Even in newer facilities, the rooms were formal, bare,

and lacking in color. In an attempt to preserve what

little they had, most Austrian Gymnasien required students
 

to remove their shoes and wear slippers to preserve the

floors and keep dirt out of the school facilities. This

also cut down on the noise level. The over-all school

facilities and equipment were generally of a poorer quality

than found even in the Bavarian schools, which were of

lower quality than those in other parts of West Germany.

The Austrian schools seemed to reflect the lower economic

status of the country compared to that found in West Ger-

many. In the Austrian Gymnasien there were no movie pro-
 

jectors, no over-head projectors, and no libraries for

student use. The only libraries were maintained for

instructor use, although some physics professors did

encourage students to use the physics libraries maintained

by individual professors and science departments.

Special comment has been reserved for the rather

unique Werkschulheim located at Ebenau near Salzburg. Its

nine-year Gymnasium curriculum was unique among Austrian
 

Gymnasien. While its curriculum was basically that of
 

the mathematics and science Gymnasium, it also included
 

the completion of an apprenticeship for all boys enrolled

at the school. The first four years, the Unterstufe, were
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identical to all other Austrian Gymnasien. During the
 

fifth year the students began their apprenticeship pro-

grams. There were three possible choices for the boys.

They were cabinet making, machine operation and repair,

or electronics. This apprenticeship program plus the

regular four-year program of the mathematics and science

curriculum were combined and finished in a five-year 9225f

gigfg. In order to complete such a program, the student

was in classes and laboratories from forty-four to forty-

eight contact hours per week spread out over a six-day

week. The student had two afternoons per week off,

usually Tuesday or Thursday, plus Saturday. The students

lived in dormitories; and each group of ten lived in a

separate house and was supervised by a staff member, who

also served as a head resident and as a counselor.

Because of the rather elaborate procedure that was

used to select entering students, the Werkschulheim staff

felt that the level of students was far superior to that

found in most Austrian Gymnasien. This made it possible
 

for the professors in physics and mathematics to enrich

the courses beyond what was normally expected in other

Austrian Gymnasien. The students were introduced to dif-
 

ferential equations in their last year, and the students

found a good deal more calculus being used in their physics.

The facilities of the Werkschulheim at Ebenau were far

superior to any found at other Austrian Gymnasien. They
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had laboratories associated with much of their physics

curriculum. These were the only physics laboratories

observed in Austrian Gymnasien. The differences in stu-
 

dent selection, length of school program, resident dorm-

itories, physical facilities, and percentage of foreign

students seemed to be sufficient to remove the Werkschul-

heim Felbertal from consideration as a typical Austrian

Gymnasium.
 

Curriculum--Austrian University
 

Although some contact was made with both the Uni-

versity of Salzburg and the University of Vienna, most of

the information on Austrian universities came from inter-

views conducted at the Vienna Technische Hochschule.1 It

should be noted that at the University of Vienna there

was less applied physics taught than at the Vienna Tech-

nische Hochschule, and a great many more physics teachers

were trained than at the engineering oriented Hochschule.

The University of Vienna was very comparable to the Uni-

versity of Munich and the University of Erlangen in terms

of general physics curriculum.

At the Vienna Technische Hochschule, the beginning

physics sequences were broken into three distinct group-

ings. Group one consisted of the civil engineers,

 

1Interview, Horst Ebel of the applied physics staff,

Vienna Technische Hochschule, Vienna, Austria, on April 17.

1969.
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architects, geologists, and chemical engineers. Their

physics program was one year in duration. Group two con—

sisted of physicists and mathematicians. This group took

a physics sequence that was two years in duration. The

third group consisted of the mechanical engineers and

the electrical engineers. This physics sequence was one

year in duration and was virtually identical to the pro-

gram for group one. One of the primary reasons for split-

ting the engineers into two sections was simply that there

was no lecture hall large enough to accommodate all of the

first-year engineering students at one time. Unlike the

Munich Technische Hochschule, the engineering students

at the Vienna Technische Hochschule began their physics

during the first year of study. For both groups one and

three, this was a classical physics course which had five

lecture hours per week with no recitations or concurrent

laboratories. It covered the basic areas of classical

physics and did little in the areas of special relativity

and quantum mechanics. During the second year the engi-

neering students took their physics laboratory. It met

for one afternoon per week and only lasted for one semes-

ter. Each student was responsible for performing approxi-

mately fifteen classical experiments. These experiments

were very similar to some of the traditional experiments

performed in a first-year American college or university

physics laboratory. One could not help but notice the old
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and decrepit laboratory equipment at the Vienna Technische

Hochschule regarded as the finest technical institution in

all of Austria.

The first-year engineering student at the Vienna

Technische Hochschule faced a rather formidable curricu-

lum. The typical student had some thirty contact hours of

lectures and laboratories per week. It was the equivalent

of fifty-nine semester hours during the first year. Physics

constituted ten hours of this commitment, mathematics four-

teen hours, descriptive geometry ten hours, and statistics

twelve hours. A variety of engineering courses unique to

the specific type of engineering made up the remaining

thirteen hours during the first year.

The students in physics and mathematics had a

different curriculum and participated in a different

physics program. As stated previously, their basic

physics sequence was spread over the first two years.

During the first year they had five hours of physics

lecture and one hour of laboratory per week. The lecture

was a basic classical physics course which covered the

same ground as the engineering physics. The short labor-

atory served only to introduce the basic concepts of

measurement, and no actual experiments were performed. In

addition to the traditional physics sequence, these stu-

dents took separate courses in geometric optics, crys-

talography, and mechanics. The first-year curriculum
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included the equivalent of fourteen semester hours of

mathematics, twelve semester hours of physics, two semes-

ter hours of optics, two semester hours of crystalography,

twelve semester hours of mechanics, and six semester hours

of chemistry for a total of forty-eight semester hours

during the first year. During their second year, the

physicists and mathematicians continued physics with some

fourteen semester hours of advanced physics lectures in

solid state theory, relativity, quantum mechanics,

advanced electricity, and advanced magnetism. These stu-

dents also took a classical physics laboratory one after-

noon each week during semester one and two afternoons per

week during semester two. The students performed thirty

to forty traditional experiments in mechanics, sound,

heat, light, electricity and magnetism during the course

of this one-year laboratory experience. These experiments

seemed to be of a level comparable to those found in the

traditional first-year physics course at an American col-

lege or university. Similar to the situations in West

Germany, several Vienna Technische Hochschule professors

felt that the reason physics laboratory was delayed to

the second year for economic and not educational reasons.

Because they were forced to admit all Mature graduates

from all Austrian Gymnasien, they experienced the greatest
 

student attrition during the first year; and by delaying

the laboratory to the second year, it was possible to
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use more efficiently the meager laboratory equipment

available. The rest of the second-year curriculum for

physicists and mathematicians consisted of an equivalent

of nine semester hours of mathematics, five hours of

advanced mechanics, and three hours of strength of

materials for a total of forty-three semester hours dur-

ing the second year. One could not help but notice the

engineering orientation of the student in a physics and

mathematics curriculum. The student who was interested

in a pure physics program was enrolled at the University

of Vienna. With few exceptions the programs at the

Vienna Technische Hochschule were very similar to the

programs found at the Munich Technische Hochschule.

General curriculum, length of time to acquire degrees,

institutional objectives, and professor attitudes were

so much the same that it was difficult to imagine that

the two institutions existed in two different countries.

As in West Germany, mathematics was emphasized

very strongly during the first-year programs in both engi-

neering and applied physics. Even though all the students

who entered the Vienna Technische Hochschule had a rea-

sonably good exposure to integral and differential calcu-

lus of both algebraic and transcendental functions,

their mathematics at the university level began once again

with introductory calculus. There seemed to be an ex-

tremely poor quality of articulation between the Austrian
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Gymnasien and the Vienna Technische Hochschule. Several
 

professors indicated that this was a carry-over from the

days when the Gymnasien did not cover as much in mathe-
 

matics as was true later, and it was the institutions of

higher education which had failed to modify their cur-

ricula to accommodate the advances made at the lower levels.

This repetition was felt to be important to student suc-

cess in engineering and physics.

The basic teaching technique in physics during

the first two years at the Vienna Technische Hochschule

utilized the large lecture with many and varied demon-

strations. The use of closed circuit television, over-

head projectors, and opaque projectors was not observed;

and conversations with staff and students indicated that

such devices were not available, and also that few pro-

fessors had had any experience using them anyway. The

lectures were centered about demonstrations using large

scale equipment that allowed students to observe the

measurement of a variety of basic physical phenomena.

As observed in the west German universities, these demon-

strations were the result of great planning; and the col-

lection of demonstration equipment was considerably more

valuable than the total equipment inventory available to

first- and second-year physics students in their labora-

tory experiences. This seemed to be a tradition in

German speaking universities. No provisions were made for



162

recitation, quiz sections, or study help. The students

were almost completely on their own. The lecture notes

plus the demonstrations were the bases for any further

review and study. There were no textbooks used, and the

use of reference material was not encouraged. There seemed

to be a general feeling among first- and second-year stu-

dents and the professors that the course material was

intended to be concentrated in the notes that students

took while in the lecture classes. Since evaluation in

physics was only conducted at the conclusion of the first

year for engineers and at the end of the second year for

the physics and mathematics students, there was a tendency

for students to rely on examinations given in previous

years as the basis for preparation for their own infrequent

evaluations.

The physics laboratories were run in such a manner

that the experiments were in no way correlated to the

lecture classes. The laboratory experiments were supposed

to reinforce the first-year physics instruction in clas-

sical physics. Since this laboratory did not begin until

the second year, after the classical physics had been

completed, many students and professors expressed some

concern over the relevancy of the laboratory experience.

There were some professors who defended the laboratory

lag on other than economic grounds. They submitted that

the students could more fully appreciate the principles
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to be demonstrated in the laboratory after first being

exposed to the topics in the lecture. One could not help

but conclude that the Vienna Technische Hochschule had

less money than its counterpart in Munich, and this fact

manifested itself in the more limited and older physical

plant, a lack of laboratory equipment for undergraduate

use, and a smaller collection of lecture demonstration

equipment. The over-all observation was that the Aus-

trian economy was lower than West German economy and that

this fact showed in the commitment to technical education

as well.

Curriculumr-Austrian H6here Lehranstalt
 

Possibly the most exciting and progressive type

of education institution visited was the Hohere Tech-
 

nische Lehranstalt. Although two such institutions were
 

visited, one in Salzburg and one in Vienna, they were

basically the same with some slight variations in curric-

ulum. The Salzburg institution had a unique program for

textiles with mostly female students, and the Vienna

institution had some programs such as aero-technology

and communication technology not found at Salzburg. How-

ever, the bulk of the curriculum was common to both insti-

tutions. This included mechanical technology, electrical

technology, civil technology, and architectural techno-

logy. Both institutions had continuing education programs

for foremen and lead workers in a variety of trades and
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crafts such as bricklaying and carpentry. These programs

contained no physics, however, and were not the tradi-

tional four- or five-year programs elected by most students

at both Lehranstalten. The majority of the students at

both institutions were engaged in five-year programs which

led to the Mature. These were the mechanical, electrical,

civil, and architectural technology programs.

For all the possible curricula, there were only

three different physics programs. Basically, the physics

topics covered corresponded to those found during the

last four years, Oberstufe, of the Austrian mathematiCs
 

and science Gymnasien as in Table 6, though there was
 

some variation in weekly contact hours from the Gymnasium
 

program. Table 9 presents the weekly contact hours for

physics instruction as a function of the various types

of curriculum available at the Austrian Lehranstalten.
 

It was interesting to note that although the

physics staff members felt that their students were not

up to the level of upper division Gymnasium students, the

Lehranstalt students were extremely conscientious; and
 

virtually all of the physics students elected a two-hour

per week physics laboratory during years three, four, and

five of their tenure.l The intense exposure was necessary

 

1Interview, Elfriede Waldl of the physics staff,

Hohere Technische Bundeslehranstalt, Salzburg, Austria,

on March 19, 1969.
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TABLE 9.-—Physics Curricula by Major Program in the Austrian

Hohere Technische Lehranstalten

 

Weekly Lecture Hours

 

 

 

m
u H

H .‘3 H H .—|

m H44 Hid H Law A m

u M!) or) m mc>o «so

u m<u m~4 m onqxa m~4 . a

5 >444 an :x >450 >+H Topics Covered

m. a: $3 5):: 'a“ 2.3

a: :2 :2 a: 23” as:
a» mm mm mo mag mm

1 3 3 3 4 2 Dynamics, kinematics, kine-

tic theory of gases, ther-

modynamics

2 2 2 2 2 2 Hydrodynamics, aerodynamics,

non-linear motion, theory

of fields, astronomy, vi-

bration and waves

3 l 2 0 2 l Geometric optics, sphecial

relativity

4 0 0 O 0 0

5 0 2 0 2 Electricity, magnetism,

atomic physics, quantum

mechanics

 

aThe topics cited were only covered when that cur-

riculum met during the particular year.
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since the students were acquiring a fairly thorough tech-

nical education in addition to taking those subjects that

allowed them to write the Mature successfully, which sig-

nified the completion of a university preparatory Gymmgf

§i2m_education.

From Table 9 it can be noted that not all curricula

received the same exposure to various topics in the total

physics offering. The students in the five-year programs

in electrical and mechanical technology received the same

or greater exposure to the key physical topics as those

students at Austrian mathematics and science Gymnasien.
 

Table 8 gave the breakdown on these topics. It should be

noted that kinematics and dynamics were taught with some

calculus in the last year of the Lehranstalten in the
 

mathematics classes.1 In general the Lehranstalt
 

instructors felt that their students had received a

more rigorous physics presentation and had studied most

topics in greater depth than students in the Gymnasien.

These same staff members had all taught in Gymnasien and
 

were basing their opinions on their own experiences. At

both Salzburg and Vienna, the respective school directors

felt that the mathematics and physics faculties were

extremely well integrated and that the level of cooperation

 

1Interview, Manuele Gregory of the mathematics

staff, Hohere Technische Bundeslehranstalt, Salzburg,

Austria, on March 19, 1969.
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contributed to the over-all effectiveness of the programs.

The level of mathematics was above that found in the

mathematics and science Gymnasien. By the time the stu-
 

dents reached the fifth and final year in the electrical

and mechanical technology programs, the students had

received a good exposure to integral and differential

calculus of algebraic and transcendental functions plus

an introduction to linear differential equations.

In the other three curricula presented in Table 9,

the students were given a less vigorous physics program.

With the exception of the five-year civil technology pro-

gram, the students covered dynamics, kinematics, the gas

laws, the dynamics of fluids and gases, fields, astronomy,

wave motion, and geometric optics. The civil technolo-

gists did not have any optics beyond that which they

received prior to enrolling at the Lehranstalten. It
 

must be remembered that all students had three years of

physics prior to their admission to the Lehranstalt. An
 

outline of this earlier physics program can be found in

years two, three, and four of the Unterstufe of the Gym-
 

nasien as presented in Tables 6 and 7. The students in

the four-year Lehranstalten, non-Mature programs of

which the electrical program in Table 9 was an example,

did not receive as complete a mathematics program as the

five-year students. Their mathematics encompassed the

equivalent of advanced algebra, and they received an
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introduction to integral and differential calculus of

algebraic functions. Generally, members of the physics

staff taught some mathematics; and many mathematics

teachers taught some physics. This custom was not

observed in Austrian Gymnasien or the West German Po y-
 

technikum. However, this was the situation in the West
 

German Gymnasien.
 

At both the Vienna and Salzburg Lehranstalten, the
 

attitude of staff, students, and administration was most

impressive regarding their schools and the various cur-

ricula. All of the staff interviewed were most inter-

ested in experimenting with teaching methods such as using

computer-aided instruction and the use of a variety of

audio-visual techniques, and all seemed to have a very

pragmatic attitude toward their institution. This was in

sharp contrast to the university and Gymnasium physics
 

programs found in Austria. Both Austrian Lehranstalten
 

had optional physics laboratories that were elected by

virtually all students in the various physics classes.

This contrasted with the Gymnasium students who were tak-
 

ing parallel programs in schools which had no physics

laboratory facilities. It was also interesting to note

that many of the physics laboratories in both Lehranstal-
 

ten had been converted from more conventional classroom

spaces using student labor almost exclusively. Much of

the laboratory equipment was simple, and much of it had
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been constructed by students in mechanical and electronic

shops right in the institutions. The general philosophy

of this type of institution stressed the involvement of

the student with the practical aspects and application

of basis physical principles.

Most of the physics lecture classes had slightly

higher enrollments than at the Gymnasien. Physics class
 

sizes at the Lehranstalten ranged from thirty to forty-
 

five students. The atmosphere was very informal; and

although demonstrations were a large part of the lecture

program, there was a high degree of student involvement.

Students asked questions, answered questions posed by the

instructors, and were generally encouraged to participate

in the classroom discussion. Both institutions were

experimenting with closed-circuit television systems that

would allow the presentation of a variety of demonstra-

tions ordinarily impossible to view in a normal lecture

situation. The over-head projector was a part of the

standard equipment in every classroom, and it was used

extensively. This equipment was beyond that found in the

Gymnasien or used in the university lectures. The school
 

directors indicated that many extras in terms of equipment

and machinery were either given by private business or

were financed through private gifts. The Lehranstalt
 

directors were the only Austrian educators interviewed

who were active in raising money outside of the normal
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Austrian channels for revenue, namely the usual government

support. The ability to raise money was indicated as one

of the necessary characteristics of a successful Lehran-

£5212 director. Since most graduates of the two schools

went directly into the business and industrial world, it

was quite natural that close contacts were established

with the private sector, which greatly assisted in the

solicitation of funds and equipment.

Physics laboratories were set up to allow students

to perform experiments in the fundamental principles of

mechanics, optics, electricity, and magnetism. There

were some experiment packages in mechanics and optics

that were purchased from commercial equipment vendors;

but many experiments in electricity, magnetism, and elec-

tronics used equipment built and assembled by the students.

The general sophistication of the experiments was on a

par with those observed at the universities.

Although difficult to assess objectively, the

level of sophistication in the Austrian Lehranstalten
 

physics seemed to be beyond that in the Austrian Gym-

nasien. This was regarded as unusual since it was

generally concluded by both Gymnasium and Lehranstalt
  

staff members that the students in the Austrian Gymnasien
 

were academically superior to their counterparts in the

Lehranstalten. When pushed for an explanation for their
 

success, Lehranstalt staff members and students felt
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that because they appealed to the mechanical and practical

interests of the male students and taught physics in a

practical environment, the student motivation level in

the Lehranstalten was much higher than in the Gymnasien.
  

From observation, it was concluded that the morale and

motivation levels were very high among students and staff

at the Lehranstalten. The fact that this was true in a

school situation where the students were in classes up to

forty-six contact hours per week was truly significant.

Although the Lehranstalten came under the juris-
 

diction of the Austrian Federal Ministry of Education as

did all other educational institutions, there seemed to

be a much less rigid lesson plan in physics; and instruc-

tors were encouraged to experiment in their teaching as

much as possible. One found physics textbooks of both

Austrian and West German origin, and a great deal of

interest expressed in expanding the use of programmed

physics texts and computer-aided instruction. The Vienna

Lehranstalt had pioneered the use of the time shared com-

puter in Austria as a teaching tool.1 These were but a

few indications of the kinds of approaches to education

 

1Herbert Ramp, of the mathematics staff, Vienna

Lehranstalt, indicated that the Hohere Technische Bun-

deslehranstalt, Vienna, Austria, had been connected to

the General Electric computer in Cologne, West Germany,

since 1968, in an interview conducted on April 18, 1969.
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that seemed to make the Lehranstalten virtually unique
 

when compared to other Austrian approaches to physics

teaching.

Curriculum--Swiss Gymnasium
 

The Zurich Oberrealschule, being a Type G Gym-

nasium, had only a four and one-half year curriculum.

This was a unique characteristic of all mathematics and

science Gymnasien in German speaking Switzerland. The
 

students who were enrolled in such a Gymnasium had spent
 

an additional two years in a special secondary school

prior to admission. Thus the combination of the secondary

school and Type G Gymnasium totaled six and one-half years,
 

which was equivalent to the total time spent in the Type A,

 

classical, Gymnasium and the Type B, modern language, Gym:

nasium. These were the same three basic typics of Gymnasium

encountered previously in West Germany and Austria. Table

10 indicates the general physics curriculum and topic

exposure at the Zurich Oberrealschule and other Type E.§XE7

nasien in German speaking Switzerland.

The second Swiss Gymnasium visited was the Freies

Gymnasium in Zurich. It was a private school and was a

combination of Type A, B, and G Gymnasien, with different
 

students participating in the various curricula under the

same roof and sharing many classes with students from the

various programs. Thus, the information presented in
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TABLE lO.--Physics Curriculum in the Type G.G mnasien in

German Speaking Switzerland by Year and Topic

 

G mnasium Physics Lecture

 

Contact Hours Topics Covered

Year per week

3 0

4 3 Mechanics, kinematics, dyna-

mics, hydrostatics, aero-

statics

5 3 Molecular physics, heat, gas

laws, electricity

4 2a Magnetism, mechanical and

electrical vibrations and

waves, acoustics, optics

7 2b Atomic physics, quantum

mechanics, nuclear physics

 

aDuring the sixth and seventh year there was a

required weekly physics laboratory.

bThe last year, the seventh, was only one semester

in length.
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Tables 10 and 11 summarized the total physics offerings

found in the various curricula at the Freies Gymnasium.

The physics program in the Type G curriculum at

both the Oberrealschule and at Freies were more extensive
 

and rigorous than the corresponding programs in the Type A_

and §_curricula. Though the programs were of varying

lengths, the Type A_and G schools being six and one-half

years in length and the Type C being four and one-half

years in length, the basic physics curriculum was pre-

sented in the last three and one-half years in both pro-

grams. The physics survey that Type A and G students

received in their second year was identical to a survey

of physics that Type G_students received during the last

year of their special secondary school preparation. The

general level of sophistication in the two types of pro-

grams can be contrasted by looking at the exposure to

the selected physical principles. This is presented in

Table 12.

Again for the purposes of comparison, an hour of

class per week for one semester was called a semester

hour. Under this system the students at the Type G

schools were exposed to eighteen semester hours of physics,

not counting their physics laboratory. Students in the

Type A_and G curricula received twelve semester hours of

physics exposure plus their physics laboratory and the

survey course during their second year.
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TABLE ll.--Physics Curriculum in the Type A_and Type B_

Gymnasien in German Speaking Switzerland by Year and Topic
 

 

Physics Lecture

 

Exgggg£2m Contact Hours Topics Covered

per week

1 0

2 2a Survey of elementary topics

3 O

4 2b Kinematics, dynamics

5 2 Dynamics, geometrical optics

6 2c Harmonic motion, waves, heat,

electrostatics

7 2d Electrodynamics, magnetism,

atomic physics

 

aPhysics was taken only during the summer semester.

bPhysics was taken only during the winter semester.

cThere was a required physics laboratory during the

winter semester.

dThe last year, the seventh, was only one semester

in duration.
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TABLE 12.--Selected Physical Principles and the Year They

were Introduced at German Speaking Swiss Gymnasien
 

 

Gymnasium Year
 

 

 

Topic

Type Aa Type Bb Type CC

1. Kinematics and dyna-

mics with calculus never never 7

2. Maxwell's distribution never never 5

3. Magnetic effects of

electrical current 7 7 6

4. Fresnel and Fraunhofer

diffraction never never 6

5. Special relativity never never never

6. Quantum mechanics never never 7

 

aFreies Gymnasium

b I O

Freies Gymnasium

c . .

Freies Gymna31um and the Zurich Oberrealschule
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Another difference between the two types of basic

curricula that was evidenced when the exposure to mathe-

matics was analyzed. The students at the Type G schools

received forty-five semester hours of mathematics during

their last four and one-half years while the Type A and

§_students received only thirty-two semester hours of

mathematics during this same time period. The type A

and G students had mathematics for four contact hours per

week every semester, and the Type G students had mathe-

matics five contact hours per week during all semesters.

In general, students had about half as many contact

hours in chemistry as physics regardless of curriculum

type.

It was interesting to note that even with their

rather intensive exposure to mathematics, the students

in the Type A and G Gymnasium programs were introduced
 

only to integral and differential calculus of algebraic

and some transcendental functions. The Type G Gymnasium

students went deeper into the calculus and completed

both integral and differential calculus of algebraic

and transcendental functions. Type G students also had

a short introduction to differential equations. In

this sense they seemed to be at the level of the Austrian

Gymnasium students and ahead of their West German counter-
 

parts in the mathematics and science Gymnasien. The

teaching staff in Switzerland seemed to be assigned to
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their subjects as found in Austria. That is, the teachers

who taught physics usually taught only physics, and

mathematics teachers taught only mathematics. This was

in contrast to the West German Gymnasium teachers who
 

always taught the physics and mathematics combination.

As indicated previously, physics laboratory was

a required part of every student's program. At the

Zurich Oberrealschule and in the Type G program at

Freies Gymnasium, students had this laboratory during

both semesters of their sixth year and during the only

semester of the seventh year. The laboratory occupied

one two-hour period each week for the three semesters.

Topics for the experiments came from.mechanics, heat,

and electricity in the sixth year. During the last

semester they investigated topics in magnetism, optics,

atomic physics, and went on field trips to various

industrial and research facilities in the Zurich area.

The experiments were fairly elementary, and a genuine

attempt was made to integrate the laboratory with the

lecture portion of the physics course.1 The physics

laboratory for the Type Aland §_programs at Freies Gym-

nasium was much less extensive than for Type G students.

The Type A and G laboratory was conducted during the

 

1Interview, Erich Bernhard of the physics staff,

Freies Gymnasium, Zurich, Switzerland, on March 6, 1969.
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winter semester of the sixth year. During this one semes-

ter the students met for one two-hour period each week and

were able to complete approximately fifteen elementary

experiments in mechanics, heat, optics, and electricity.

As in West Germany and Austria, the primary

vehicle for physics instruction was the lecture setting.

At the Zurich Oberrealschule, the physics classes were

conducted in a lecture room that had a capacity of

approximately 100 students. However, the largest physics

class at the Gymnasium was thirty students. During the
 

classes visited, there were a variety of demonstrations

performed by the instructor usually with some assistance

from various students. The demonstrations used equipment

of such a size that all students could collect data; and

they were required to make certain calculations prior to

the next class meeting. Of all the Gymnasien visited,
 

it seemed that the physics classes in Switzerland were

conducted in the most informal fashion. Rapport between

students and staff appeared to be excellent, and a great

deal of humor was exhibited on the part of both students

and teachers. Although it was difficult to actually

determine their sincerity, the atmosphere seemed to be

genuine and not merely a show for the foreign visitor.

When questioned about this informality, seemingly so

uncharacteristic for a Germanic setting, Professor
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Hablfitzel of the Zurich Oberrealschule staff1 stated that

it was indeed a characteristic of the Swiss Gymnasien
 

and was somehow vaguely related to the time honored

democratic heritage of the Swiss people. He stated

further that Swiss instructors had a great deal more

autonomy than those in west Germany and Austria and

felt much more secure in their ability to be themselves

in a classroom situation. Although the Gymnasien came
 

under the jurisdiction of the Swiss Kanton, or state,

there was very little interference beyond the establish-

ment of a general topic outline for the various courses.

The final examination, or M3525, was almost completely

within the jurisdiction of the individual Swiss instruc-

tors so they did not feel threatened by Kanton educa-

tional authorities as the West German instructors had.

Although a private school, the Freies Gymnasium

was also under the jurisdiction of the Zurich Kanton.

Unlike its private counterparts in West Germany and

Austria, no state funds were used at the Freies Gym:

nasium. All expenses for operation and capital outlay

came from tuition and private gifts. The facilities at

Freies Gymnasium were rather small, shabby, and in need

of maintenance. Its major resource was a valuable down-

town location, which was in the process of being sold.

 

1Interview, James Hablfitzel of the physics staff,

Oberrealschule, Zurich, Switzerland, on March 4, 1969.
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The old facility apparently had a property value suf-

ficient to pay for a large new school in suburban Zurich.

The physics classes at Freies had approximately

thirty students in a room designed to hold twenty-four.

Boards were placed between desks to gain the additional

spaces. The room was very conventional compared to the

terraced lecture halls found in almost all other Gymnasien
 

in the three countries. The laboratory and demonstration

equipment was extremely limited, and much of it had been

hand made by Professor Bernhard. This was in sharp con-

trast to the facilities of the Oberrealschule, where
 

equipment seemed in ample supply. The Oberrealschule
 

demonstration collection was most impressive. The two

lecture halls had over-head projectors and facilities

for projecting sixteen millimeter sound movies. The

Oberrealschule building was 100 years old, was beginning

to show its age, and very little attempt was being made

to maintain the facilities in top condition. The Uni-

versity of Zurich, which was just next door, was soon to

take over the Gymnasium building; and the Oberrealschule
  

would then occupy a beautiful new facility under con-

struction nearby.

There seemed to be a wealth of adequate to good

Gymnasium physics textbooks available for use in the Swiss
 

Gymnasien. All of the instructors interviewed indicated
 

that they followed texts rather closely and asked their
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students to rely less on the lecture notes than was the

case in West Germany and Austria. This was confirmed by

the students. The instructors took pride in modifying

courses to some extent to add new concepts and approaches

to teaching. They felt their autonomy allowed them the

security to do this without fear of sanction from higher

authority.

Curriculum--Swiss University

The two institutions of higher education visited

were found also in Zurich. They were Zurich University

and the EidgenBSsische Technische Hochschule, which was

usually referred to as the Swiss Federal Institute of

Technology. Probably because of their common heritage,

Zurich University was very similar to Erlangen and Munich

Universities in West Germany. The Federal Institute was

an institution comparable to the Munich Technische Hoch-

schule and the Vienna Technische Hochschule. Since many

of the University of Zurich students in first-year physics

were medical students, dental students, and future

teachers, they were expected to take some course work out-

side of the physical sciences and mathematics during this

first year. Even so, the medical and dental students

tended to take primarily physics, mathematics, chemistry,

and biological science during their first university

year. These students took the same physics lecture as

future teachers and physical science majors. It was
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pointed out that the number of students who planned to

major in pure physics or mathematics was small, since

most students with those interests continued their edu-

cation at the more technically oriented institution next

door, the Swiss Federal Institute of Technology. The

first-year physics sequence at Zurich University had five

lecture hours per week, one problem-solving hour per week,

and two laboratory hours per week extending through both

semesters. It was a classical course with no topics in

modern physics except a brief introduction to special

relativity. Professor Waldner1 of the physics staff stated

somewhat facetiously that this was in deference to a for-

mer student and teacher at the neighboring Swiss Federal

Institute, Albert Einstein.

The electricity and magnetism portion of the course

covered topics up to, but not including, Maxwell's equa-

tions. The course covered kinetic theory of gases with

Maxwell's distribution, Fraunhofer but not Fresnel dif-

fraction, and quantum mechanics. Some calculus was used

throughout the course but not much differential equations.

For those students who required additional physics, such

as teachers and pure science majors, there was a second-

year atomic physics course. It was two semesters in dur-

ation and consisted of three lecture hours and one

 

1Interview, Franz Waldner of the physics staff,

Zurich University, Zurich, Switzerland, on March 5, 1969.
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additional problem class hour per week. The topics

covered in this course were advanced mechanics, advanced

optics, special relativity, wave mechanics, nuclear

physics, and advanced electricity and magnetism. The

Bohr-Rutherford theory of the atom was not taught at all

because of its questionable theoretical basis, and all

atomic theory was taught strictly from a wave mechanics

point of view according to physics staff reports.

Students came from a variety of Gymnasium types
 

to the Zurich University physics program, and many of

the professors felt there was considerable variation in

the mathematics preparations. Accordingly, the first-

year physics course assumed little in the way of calculus

background, and all students were required to take a

first-year mathematics sequence which reviewed beginning

calculus and extended to the study of transcendental

functions. The course also included an introduction to

differential equations. Such a mathematics course should

have been somewhat of a review for most Type G_Gymnasium
 

graduates. Professor Waldner indicated that the vast

majority of the students coming into the Zurich University

physics program came from Type A and §_Gymnasien, and
 

that the mathematics program was considered vital to

these students' success. He stated further that the

first-year physics sequence was taught in such a way that

Gymnasium physics was not considered a necessary pre-
 

requisite for admission to the course.
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A unique feature of the Zurich University physics

program was the problem-solving class which met one hour

each week during the first-year sequence. These were

small classes of between twenty and thirty students, where

attendance was required for all students and papers were

actually collected and graded. The use of these grades

will be discussed later under the topic of evaluation.

The physics laboratory met for one two-hour period

each week during the two semesters. The experiments were

taken from topics in mechanics, heat, optics, electricity,

and magnetism and appeared to be very comparable to the

experiments performed by students in the Type G Gymnasien.

For such Type G students, it was admitted that most of

the laboratory was repetitious.

For those students who required second-year physics,

there was an additional laboratory experience. In this

program students worked individually and were able to per-

form eleven rather complicated experiments in a variety of

topic areas. The students were given very little in the

way of formal directions and had to assemble much of their

own equipment. Often the Zurich University students did

not complete this advanced laboratory experience until

their third or even fourth year. It was considered a

major hurdle for the physics or mathematics major prior

to receiving the Vor-Diplom approval and permission to
 

carry on in advanced work.
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The lecture classes at Zurich University were con-

ducted in a lecture hall that had a capacity of 250 stu-

dents. The room was filled for the first-year physics

classes; but during the second-year class, there were only

about seventy students. Even with these rather sizable

groups, there was a remarkable degree of informality

between professor and students. The lecture-demonstrations

were still the major vehicles for presenting the basic

concepts. They were very elaborate and extremely well

executed. The most unusual feature of the Zurich Uni-

versity lectures was that students occasionally inter:

rupted the professor to ask questions. This was the only

university where such a phenomenon was observed. The pro-

fessor commented that this was very common and in fact

encouraged as long as it did not hold the lecture up too

much. In the second-year class, with only seventy stu-

dents, the informal atmosphere of the Gymnasium was ob-
 

served. The most significant impression from Zurich Uni-

versity related to the high degree of informality between

staff and students.

The situation at the Federal Institute was

markedly different. The atmosphere was much more formal

and a great deal more attention seemed to be directed

toward basic research and much less interest given to the

teaching function than was manifested at Zurich University.

The Federal Institute physics program was different also
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by virtue of the fact that all students had to have com-

pleted two semesters of work prior to being admitted to

the beginning physics sequence. This was similar to the

Munich Technische Hochschule. The initial two-semester

period was filled with mathematics, chemistry, and

specialized engineering subjects for those students in

the various engineering curricula. Since the students

had undergone a rather rigorous selection process, the

one-year physics sequence was quite sophisticated. The

mechanics utilized calculus and differential equations;

and, in fact, calculus and differential equations were

used throughout the course. Students had completed

vector analysis; and especially in electricity and mag-

netism, vectors were very commonly used. Topics in

electricity and magnetism extended through Maxwell's

equations. Special relativity was introduced in this

first two-semester sequence. Still the material was

essentially classical physics, and modern physics was

held over until a second two-semester sequence taken in

the third year. This second course was not required in

the engineering curricula; so only physics and mathematics

majors were required to take it. It was in this second

sequence that quantum mechanics, atomic and nuclear

physics, and mathematical optics were covered.

The first physics sequence for all students con-

sisted of four lecture hours plus a two-hour laboratory
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each week. The laboratory experiments typically per-

formed were similar to those performed in the Swiss

mathematics and science Gymnasien and not unlike the
 

experiments found in the traditional American first-year

college and university physics laboratory. Topics in

mechanics, electricity, magnetism, thermodynamics, and

some in elementary optics were sampled in this laboratory

experience. There was also a two-hour per week advanced

laboratory associated with the second physics sequence

taken by mathematics and physics majors. This labor-

atory dealt with fewer topics and was much more rigorous

in nature. The students worked more independently than

in their earlier laboratory experience and were called

upon to perform experiments in modern physics and optics

often utilizing electronic measuring devices. This

laboratory was extremely well equipped and often borrowed

equipment from various research programs. Students often

were able to use this laboratory as a stepping stone to

the experimental projects required for their Diplom degrees.

The teaching techniques used at the Federal Insti-

tute were very similar to those found in the German uni-

versities. The lecture classes were large, and the basic

material presented was keyed around the elaborate lecture-

demonstrations. Long hours of preparation by technicians

and junior professors were spent in creating the proper

environment for the senior professor who was the main
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lecturer. He was regarded as the star and all of the

auxiliary apparatus, including the audio-visual equipment

was set up to be operated on his cue. Woe be it to any

associate if the demonstration, film, or over-head pro-

jection did not function in precisely the planned manner.

There was a much more formal atmosphere in the Federal

Institute lectures than at the Zurich University lectures.

There were no questions by students, and the only person

to speak during the entire class hour was the lecturing

professor. There were help sessions and recitation hours

for all students. The students were broken up into

groups of twenty-five to thirty, and problems were

assigned depending upon the vocational objectives of

the students. Thus chemists, engineers, and physicists

had separate problem or recitation sections. This split-

ting of the total lecture class into separate problem

groups had been a fairly recent innovation.l Discussions

with professors indicated that the basic lecture format

had not changed since long before the turn of the century

when Albert Einstein had been a student there. In fact

they pointed with pride to the fact that some of the same

demonstration equipment that had been used when Albert

Einstein was a student, almost 100 years ago, was still

being used in 1969. The Federal Institute had outstanding

 

lInterview, Urs Schrieber of the physics staff,

Swiss Federal Institute of Technology, Zurich, Switzerland,

on March 5, 1969.
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library facilities, but the professors felt that beginning

students rarely utilized them. Technical libraries in

the various branches of physics were also maintained, but

students had no access to these until they became a part

of a research group and were assigned to one of the somewhat

separate and autonomous institutes. These separate insti-

tutes included solid state, nuclear, astronomy, high

energy, and many more. Usually students were not assigned

to an institute until their fourth or fifth year.

As in Germany, textbooks were not used in the

first physics sequences. The lecturing professor's notes

constituted the written material in the course. Most of

the references cited in the problem sessions were, for

the most part, well-known American physics texts. It was

conceded generally that the American texts were superior

to anything available from Swiss or West German authors

at this level. There did seem to be a wealth of physical

resources available to the lecturing professor, and a

great deal of use was made of such items as the over-head

projector, opaque projector, video-tape, sixteen milli-

meter film, and slides of a variety of types. These were

additions to the elaborate demonstrations performed before

the students in the large lecture hall. The typical begin-

ning physics lecture was a massive production involving

large amounts of equipment and man power for its successful

execution. The professor was the authority figure in the
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entire enterprise and answered to no one on the content

or treatment of his lectures, though the demonstrations

available seemed to be the major factor in determining

the sequence and topics covered.

Curriculum--Swiss Technikum
 

The last institution to be analyzed was the engi-

neering college, or Technikum. It was found to be quite
 

similar to the West German Polytechnikum in terms of
 

student age, student preparation for entrance, and in

the length and types of curricula offered. There were

. five basic curricula offered at the Technikum, all of
 

which included physics as an integral part of the total

program. These curricula were architectural engineering,

civil engineering, mechanical engineering, electrical

engineering with two subdivisions in heavy current and

telecommunications, and chemistry. There was a depart-

ment of commerce, or business, which was in the process

of being separated from the Technikum, and the few stu-
 

dents enrolled in this curriculum took no physics.

All curricula were six semesters in duration,

and all included physics during at least the first two

semesters. The first-semester physics occupied four

contact hours of lecture per week in all curricula, but

the topics varied considerably depending on the program

involved. Thus students were strictly segregated in

their physics classes according to their curriculum.
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Table 13 shows the variation of topics covered in the

first-semester physics as a function of curriculum.

Table 14 shows the number of lecture hours per week

devoted to physics in each of the six curricula at the

Technikum.
 

As indicated in Tables 13 and 14, there appeared

to be many similarities among the curricula in terms of

a commitment to physics. The notable exception that

occurred was the chemistry program, where there was a

heavy concentration on physics during four full semes-

ters rather than the two, or at the most three, semes-

ters in the other curricula. While all curricula had a

year and at most two years of physics, most curricula

covered a range of topics closely related to those in

physics in other related courses. For example, the

mechanical engineers had three semesters of physics

during which they covered no topics in electricity and

magnetism; but their curriculum included four semesters

during which they had additional courses in electricity

and magnetism under the title of electrical engineering.

This was true of the other types of engineering and

included not only topics in electricity and magnetism, but

also heat and thermodynamics. Separate courses for these

topics were included in all curricula except chemistry.

The two-semester physics sequence taken by all

students was geared to the individual curriculum. This
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TABLE l3.--Topics Covered in First-Semester Physics as a

Function of Curriculum at the Technikum Winterthura

 

 

Curriculum Topics Covered

Equilibrium, vectors, center of gravity,

. work, power,simple machines, statics of

Agfigifizgggigl fluids, capillarity, statics of gases,

Civil Engi-

neering

Mechanical

Engineering

Electrical

Engineering

Chemistry

heat, temperature, specific heat, heat and

work

Scalars, vectors, kinematics, static and

kinetic friction, statics of fluids, sta-

tics of gases, conservation of energy,

gravitational attraction

Statics of point mass and rigid bodies,

dynamics of point masses, circular motion,

Newton's laws, mass systems, gravitational

laws, work, power, efficiency

Vectors, kinematics, circular motion, dy-

namics of point masses and rigid bodies,

statics of solids, statics of liquids, sta-

tics of gases.

Vectors, statics of mass points and solid

bodies, introduction to electricity, kine-

matics, dynamics of point masses

 

aIn all curricula, the first-semester physics had

four lecture hours per week.
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TABLE l4.--Weekly Lecture Hours in Physics for Each of the

Curricula at the Technikum Winterthur

 

 

 

Curriculum Semester

1 2 3 4 5 6

Architectural Engineering 4 3 0 0 0 0

Civil Engineering 4 5 O O O 0

Mechanical Engineering 4 5 2 0 0 0

Electrical Engineering 4 6 0 0 O 2

Chemistry 4 4 4 6 0 0

 

was done by adjusting practical examples and applications

of the basic physical principles consistent with the par-

ticular professional group in that class. However, the

list of topics in the first year was fairly similar among

the various curricula; and, basically, the first-year

sequence covered vectors, kinematics, statics, some dyna-

mics, some geometric optics, mechanical waves, and acous-

tics. It was noted that such classical physics topics as

electricity, magnetism, heat, and thermodynamics were

absent, though they were covered in other courses. Only

the architectural engineers dealt with heat in their

physics program. The only curricula which covered any

topics in atomic and nuclear physics were for electrical

engineers where these topics were covered during the

sixth semester and for chemists during their fourth

semester.

Only the chemists had any physics laboratory.

During their third, fourth, and fifth semesters, one
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afternoon per week was devoted to a laboratory with exper-

iments in the areas of general measurement, work and

energy, voltage and current measurement, thermo—electricity,

galvanometer, capacity, calorimetry, polarimetry, and

measurement of radioactivity. Most of the experiments

were those that had applications in the chemical industry

and paralleled the procedures found within the industrial

community.

The rigor of the physics classes seemed to dupli-

cate that found at the Gymnasien. As to the physical
 

topics used to judge sophistication, there was no calcu-

lus used in any physics courses. Maxwell's distribution

was not covered in any of the various physics curricula.

There was very little discussion of the magnetic effects

of current flow included in the physics courses, but this

was covered in some depth in the specialized electrical

engineering classes taken by all students except the

chemists. There was no discussion of Fresnel or Fraun-

hofer diffraction or special relativity. Only the chem-

ists had some exposure to an introduction to quantum

mechanics, and this was of a very qualitative nature.

There was a statement that the general level of the

physics courses was going to be raised and that physics
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laboratory was to be included in every one of the curric-

ula. Both of these changed were expected in the near

future.1

Mathematics was taught in all curricula through

the first five semesters. Topics included college alge-

bra, trigonometry, differential and integral calculua,

differential equations, Fourier series, LaPlace trans-

forms, boundary value problems, and numerical analysis

using the computer. Most of the mathematics was covered

after completing the physics sequences so that it made

little contribution to the sophistication of the physics

courses. It was noted, however, that this mathematics

program was much more rigorous than the Gymnasium mathe-
 

matics programs, even those at the mathematics and

science Gymnasien. Also it should be noted that the
 

mathematics was very heavily geared toward applications

and was not taught from a highly theoretical point of

view.

Most of the physics instruction was done in the

lecture hall setting with a great emphasis on demon-

strations. An average of four to six demonstrations

were performed during each lecture hour. Although the

classes were conducted in a lecture hall which had a

 

1Interview, Hanspeter Stump of the physics staff,

Technikum Winterthur, Winterthur, Switzerland, on March 4,

1969.
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seating capacity of 180 students, the physics classes

varied in size from only fourteen to twenty-five students.

The Technikum at Winterthur was one of the few institu-

tions visited that used the eight millimeter, closed

loop, "single concept films" to any great degree. They

were used both as a part of the lecture program and also

as an option for the students to utilize on their own

time. The physics lectures used a wide variety of audio-

visual aids including closed-circuit television, over-

head projectors, opaque projectors, sixteen millimeter

sound films, and a number of ingenious projection devices

to assist in the viewing of certain demonstrations. The

television equipment was often used to allow the physics

students to view processes and applications from surround-

ing industrial plants. There was a great deal of indus-

trial research done in the immediate area of Winterthur,

and the Technikum tried to keep the students abreast of
 

this research when possible.

One of the few weaknesses discussed by the $2237

REESE physics staff was the lack of appropriate textbooks

for applied physics courses as taught at their institution

since there were no German texts and few English texts

appropriate to their needs. The main resources consisted

of the professor's lecture notes and reference books

which were primarily from the United States and were

housed in the very excellent library at the Technikum.
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This was a profound difference noted between the Technikum
 

and the Swiss Gymnasien. The Technikum used its library
  

while most Gymnasien had no libraries; so obviously the
 

Gymnasien students were not encouraged to develop any
 

skills using the library. The lesson plans used by the

professors at the Technikum were largely developed within
 

the institution, and there was no interference from the

Kanton or from the federal government. The traditional

Swiss autonomy was observed within the Technikum as it
 

had been observed in the other Swiss educational insti-

tutions.

Curriculum:-Jackson Community College

Since Jackson Community College was a comprehen-

sive institution with a variety of programs, only those

curricula that contained physics were analyzed. Even

for those students who had physics as a specific require-

ment, the physics occupied a small part of their total

two-year program at the institution. Those who had the

greatest commitment to physics were the students who were

required or elected to take either of the one-semester

physics courses in the Jackson Community College offer-

ings. Table 15 gives an outline of the physics courses

at Jackson Community College with some additional descrip-

tive data.

From Table 15 it should be noted that the total

physics program broke down into four basic components.
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TABLE lS.--Physics Offerings at Jackson Community College
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Modern Physics equations 3 or more 3 0

Nuclear Reactor differential
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One part consisted of the Physical Science and Astronomy

courses, which were classified as general education in

nature and for the most part were elected by students to

satisfy general education requirements in physical science

imposed upon them by senior institutions where they planned

to transfer. One of these courses was also required in

many elementary teacher preparation programs.

The next group of courses included the College

Physics and University Physics sequences. These courses

were called the college-parallel group since they dupli-

cated the traditional first college physics sequences at

most colleges and universities in the United States. The

College Physics course was usually taken by students who

intended to continue their education in medicine, dentis-

try, law, and other professions. The University Physics

course was for students who intended to continue their

educations in engineering, physics, mathematics, chemistry,

or other professions related to the physical sciences.

The Technical Physics sequence was taken by those

students in the terminal-technical programs. These stu-

dents completed their education at the end of two years

at Jackson Community College and entered business and

industry rather than continuing their educations at senior

institutions. The technical curricula included electrical

technology, industrial or mechanical technology, drafting

technology, and x-ray technology.
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The continuing education courses included the

Modern Physics and Nuclear Reactor Physics sequences.

They were not considered as typical in the first two

years of an undergraduate curriculum and were taken by

people in the Jackson community who had already received

at least their bachelor's degree. Most enrollees were

engineers from local industries and science teachers from

area junior and senior high schools.

Excluding the continuing education courses and

the Astronomy course, there were four courses or sequences

that could not be regarded as special purpose courses;

and these were compared as to their sophistication using

the basic physics topics previously cited as criteria.

The Astronomy course was not regarded as a general physics

survey course and was not included in the table for com—

parison even though the course included some mechanics

and special relativity but none of the other topics used

to measure course sophistication. The continuing edu-

cation courses were excluded because they were well above

the sophistication of the first-year sequences.

All four physics programs had weekly laboratories

as indicated in Table 15. Basically the tOpics covered

included vectors, kinematics, statics, dynamics, ther-

modynamics, acoustics, electricity, magnetism, optics,

special relativity, and topics in modern physics. The

amount of time and the depth of penetration into each
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TABLE l6.--Selected Physical Principles as Covered in Four

Physics Sequences at Jackson Community College
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1. Kinematics and dynamics

with calculus no no some yes

2. Maxwell's distribution no yes yes yes

3. Magnetic effects of elec-

trical current flow yes yes yes yes

4. Fresnel and Fraunhofer

diffraction no some yes yes

5. Special relativity yes yes yes yes

6. Quantum mechanics some some yes yes

 

topic varied from course to course and with the instructor

who happened to be teaching the course at any given time.

The laboratory programs varied as a function of

the course. The Physical Science course, being one

semester in duration, allowed the students to perform

some fourteen to sixteen experiments ranging over the

topics cited in the lecture, plus additional experiments

in cryptography, problem solving, and scientific method.

The laboratory in the Technical Physics sequence covered

the same topics but concentrated more on the techniques

of measurement which the student would encounter in an

industrial situation.
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The laboratory in the College Physics and the

University Physics was a less structured experience and

oriented more toward problem solving. The first semester

of both laboratories was fairly traditional in terms of

content and method of operation. Topics covered included

mechanics, thermodynamics, and acoustics. The equipment

available was more plentiful and sophisticated than ob-

served anywhere in Europe. Such devices as the linear

air tracks, Polaroid cameras with stroboscope attachments,

falling body systems with electronic timers, ballistic

pendula were available in sufficient quantity to allow

twelve groups of two to perform experiments simultaneously.

During the second semester, students could elect to pro-

ceed into experimental areas of their own interest. Thus

students were able to perform experiments such as making

holograms with the gas laser, nuclear magnetic resonance,

electron spin resonance, neutron activation, and a wide

variety of experiments in nuclear spectroscopy. Those

students who elected a traditional topic sequence per-

formed experiments in electrical and magnetic measurements,

geometric and physical optics, and in nuclear and atomic

physics.

It was felt rather generally that the laboratory

which was in phase with the lecture was an integral part

of all physics programs. Even the Modern Physics and the
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Nuclear Reactor Physics sequences had laboratory exper-

iences integrated with the lectures. This was possible

since both courses had enrollments of no more than fif-

teen students, which allowed for considerable flexibility

in presentation of topics.

The major part of the physics instruction in all

classes was done in a lecture-recitation setting. The

largest lecture class had an enrollment of thirty-five

students established by mutual agreement between the

administration and the physics staff. This small class

situation allowed for the lecture, demonstrations, prob-

lem solving, and recitation in the same class setting.

Laboratories had a maximum enrollment of twenty-four stu-

dents, and the same instructor who lectured also had the

laboratories associated with that course. A typical

instructor load then was two lectures and three labora-

tories. This was felt necessary to establish and keep

maximum rapport between students and instructor.

In the lecture portion of all courses at Jackson

Community College, there was a great emphasis on the use

of visual materials such as the over-head projector for

problem solving and slide presentations. Also used to a

high degree was the eight millimeter, "single concept,"

closed film loop projector. This device was used in the

lecture and then made available to all students in one of

the laboratories so that students were able to view films

repeatedly at their convenience. The physics department
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at Jackson Community College had over 100 different

"single concept" films on a wide variety of topics.

There was much less emphasis on demonstrations in the

lecture classes than found in the European educational

institutions. When the Jackson Community College instruc-

tors were queried on this, they responded that they had

had few demonstrations in their own physics education

and relied on the laboratory to carry the demonstration

load.l They stated further that they used demonstrations

far in excess of anything to which they had been exposed

in their own undergraduate physics preparation.

It was noted that one of the courses, the Astronomy

'course, was taught on a team basis with three of the

physics teaching staff cooperating in its presentation

both in the lecture and the associated laboratory.

In several of the physics courses, all of the

students were encouraged to use the time sharing computer

in the solution of problems encountered in the lecture

and laboratory. Most of the students in the University

Physics sequence had taken a course in Fortran IV and

could program sufficiently well to use the computer to

some advantage. These students were encouraged to share

this knowledge with other students who had not had a

formal course in computer programming.

 

lInterviews, Lawrence Hitchingham and Hilton Abbott

of the physics department, Jackson Community College,

Jackson, Mich., on June 30, 1969.
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Most of the staff felt that there was such a

wealth of excellent textbooks available for all courses

and that one of the greatest problems the instructor

faced was selection of the best one for any course. A

particular difficulty was expressed related to the

selection of a text for the Astronomy course. The

solution was the selection of four different paperbacks.

The instructors for the course felt this gave the needed

variety and yet kept the textbook cost down to a minimum.1

Each instructor was given a free hand to develop

and present each course in his own way. Consultation

came only at the request of the instructor and was

available from the department head or other staff mem-

bers. The staff felt that there was complete autonomy

within the department. This autonomy seemed to exceed

that observed even in Switzerland and certainly was a

contrast to both West Germany and Austria.

Curriculum--Summary
 

Of the various types of Gymnasien found in the
 

three European countries, there were only two basic

physics curricula. There was the mathematics and

science physics curriculum which required the students

to study physics at a more concentrated level than that

 

1Interview, Charles Leonard of the physics depart-

ment, Jackson Community College, Jackson, Mich., on

June 28, 1969.
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found at the modern language, classical language, eco-

nomics, and fine arts Gymnasien. Regardless of curriculum,
 

however, all students took physics for several years. In

all Gymnasium curricula in the three countries, the topics

studied in physics were virtually the same except that in

the mathematics and science curricula they were covered

in greater depth. In fact, in the mathematics and science

curricula the topics were arranged in two three-year

cycles, which meant that the students were exposed to the

same topics twice during the last years of their Gymnasium
 

program. The students in the other curricula had only

one exposure to the same material spread over a five- or

six-year period, and they met for fewer lecture hours per

week. There was some variation in the exposure to the’

six physical principles used as criteria. The Swiss and

Austrian Gymnasien students were exposed to more sophis-

ticated topics in physics than their West German counter-

parts. The levels of Gymnasium mathematics were virtually
 

identical for the same basic curricula. With few excep-

tions, the mathematics and science students had calculus

through transcendental functions, and the students in the

other curricula had calculus only through algebraic

functions. The Gymnasium classes were small, usually
 

under thirty students, but conducted in a lecture-

demonstration atmosphere. There was a good deal of

interchange between students and instructors in the
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classroom. Few of the Gymnasien had any significant

commitment to physics laboratory programs and did not

support libraries. All of the Gymnasium physics programs

relied in some measure on textbooks.

Since the universities and Technische Hochschulen

admitted students from all Gymnasien, they felt it

necessary to begin their physics programs beneath the

level that might have been expected and reviewed many con-

cepts already covered in the Gymnasium experience. After
 

the brief review, the university and Technische Hochschule

beginning physics sequences progressed quickly to much

more SOphisticated levels than that of the physics found

in the Gymnasien. Almost all of the university and Tech-
 

nische Hochschule beginning physics was taught assuming
 

calculus and, in many cases, differential equations as

pre-requisites to the courses. This was made possible in

some instances by delaying the start of the beginning

physics sequence until the student's second or third

semester. All of the university and Technische Hochschule

beginning physics sequences had associated laboratories.

Students at the universities began the physics lecture

sequences during their first year, but normally delayed

the associated laboratory for one to two semesters. The

Technische Hochschulen generally delayed the beginning
 

of the physics sequences one to two semesters. They then

usually ran the laboratory in phase with the lecture
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portion of the courses. The most dramatic aspect of the

beginning physics sequences at both the universities and

Technische Hochschulen was the elaborate demonstrations
 

performed in the lectures. These grand productions con-

sumed a great deal of time and effort and utilized large

quantities of highly specialized equipment. The demon-

strations were a source of great pride to the lecturing

professors.

Textbooks were rarely used in these beginning

sequences. The professor's notes constituted the basic

written material in the course. Rarely were any assign-

ments made to the students, and there was very little

interaction between students and the lecturing professor.

Lecture classes were large and formally conducted. It

was in the laboratory classes that smaller numbers of

students were grouped under the direction of junior pro-

fessors and graduate students. All of the universities

and Technische Hochschulen had excellent library facil-
 

ities, and beginning physics students were encouraged

to use these facilities.

The engineering colleges of the three European

countries had many characteristics in common. This was

particularly true between the west German Polytechnikum
 

and the Swiss Technikum in terms of age group served,
 

entrance requirements, and in the level of sophistication

of the physics taught. The Austrian Hohere Lehranstalt
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was significantly different in terms of the younger age

group that it admitted, its different entrance require-

ments, its five-year instead of three-year programs, its

granting of the Mature at the completion of the program,

and the fact that its graduates did not receive an engi-

neering title upon graduation. The Hohere Lehranstalten
 

were similar to their West German and Swiss counterparts

in terms of the type of engineering programs offered,

the amount of physics required in corresponding curricula,

but with slightly less sophistication in the physics

taught in the various engineering curricula. The sophis-

tication of the physics taught was generally higher than

that found in the mathematics and science Gymnasien of

all three countries.. The mathematics encountered by the

students at the engineering colleges usually included

some differential equations, but this was taken after the

physics portion of their total curriculum was completed.

The physics was taught in lecture classes that did not

exceed forty-five students. Considerable use of demon-

strations, films, closed-circuit television, and com—

puters was found at all of the engineering colleges. All

of the physics programs had associated laboratories. The

application of physical principles to the various engineer-

ing specialties was an important theme throughout the

various physics sequences. While libraries existed in

all of the engineering colleges, physics students did

not appear to utilize them to any great extent, but rather
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used lecture notes, textbooks, and laboratory materials

to fulfill their class obligations.

Little was found in the physics programs of the

Kollege to distinguish them from the last three years of

the West German Gymnasien that they were designed to dup-
 

licate. The only noticeable differences were that the

Kollege had less in terms of resources and were housed

in older buildings than the Gymnasium. Also, the day

Kollege compressed the last three years of the Gymnasium

program into a two and one-half year time period, which

shortened the physics offerings somewhat. Although a few

of the west German Gymnasien had physics laboratories and

libraries, neither were found at the Kollege.

There were four major divisions within the physics

offerings at Jackson Community College. The divisions

were the general education courses, college-parallel

courses, the terminal-technical course, and the continu-

ing education courses. A student elected the respective

physics course depending upon his vocational objective

and whether or not the student possessed the mathematics

background that the course required for his enrollment.

The sophistication of the beginning physics sequences

varied significantly among the general education, college-

parallel, and terminal-technical courses. Again, this

level of sophistication was more dependent upon the

mathematical background of the student admitted than

whether or not the student had had any physics previously.
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These mathematics pre-requisites varied from one year of

high school algebra for one of the general education

courses to one year of calculus for the University Physics

sequence. All of the beginning physics sequences had

associated laboratories. Lecture classes varied in size

from ten to thirty-five students. There was great emphasis

placed upon class recitation, problem solving, use of the

textbook, and audio-visual materials in the classes.

Demonstrations were performed infrequently. Physical

facilities were excellent, and the physics department

possessed a great quantity of demonstration and labora-

tory equipment. Library facilities were good but rarely

used by beginning physics students.



CHAPTER VI

FINDINGS OF THE STUDY--EVALUATION

There were three basic types of evaluation pro-

cesses encountered at all of the types of institutions

in each of the respective countries. These evaluation

processes were evaluation at entrance, evaluation in

physics while matriculating at the particular educational

institutions, and the evaluation process experienced at

the conclusion of that particular program in physics.

These three types of evaluation processes were

analyzed according to country and institution similar to

the presentations in Chapters IV and V. The order of the

West German institutions was altered slightly, and the

Kolleg is discussed immediately after the Gymnasium
 

because of the many similarities in evaluation processes.

Evaluation--West German Gymnasium
 

In discussions with Land and federal officials
.__,_

plus the observations made and interviews conducted at

the five west German Gymnasien, it was obvious that
 

there was a high degree of uniformity in entrance testing

at all West German Gymnasien. The two-day entrance
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examination was scheduled in the spring of the year,

usually in May or June. Students in the fourth grade of

the elementary schools who desired entrance at a par-

ticular Gymnasium spent one day taking a written and an
 

oral German language test. On the second day the stu-

dents were given a typical lesson in mathematics; and

following this, they were given a short written exami-

nation on the material covered in the lesson. When

there was a question about a student's ability to enter,

that student was scheduled for an interview with some

of the Gymnasium instructors; and they made the final
 

determination as to the student's qualifications to be

enrolled. As mentioned previously, approximately 90 per

cent of the students who applied were admitted. There

was no physics required in this entrance examination pro-

cess, and it was interesting to note that there were only

two areas covered in the entrance testing: language and

mathematics. There were no psychological, aptitude, per-

sonality, or interest tests utilized in the entire process.

This concern over mathematical skills pervaded the entire

Gymnasium environment and seemed to help set the stage
 

for the significant commitment to physics regardless of

the type of Gymnasium enrolling the student.
 

Within the actual physics classes, there was an

informal and a formal evaluation process. Each year was

broken into two halves or semesters. At the conclusion
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of a semester, a formal examination was administered by

the physics instructor. Usually this examination con-

sisted of five to eight problems, and the student was

allowed sixty minutes to complete the examination. This

final examination plus the instructor's evaluation of the

student's recitation, laboratory experiments, if any, and

occasional short tests constituted the basis for the stu-

dent's grade. However, the final examination accounted

for well over half of the credit toward the semester grade.

At the conclusion of the two-semester school year, a final

grade was calculated for the student in each course. The

grading system ranged from 933 to §i§_inclusive, with a

gag constituting the highest grade and a sim indicating

failure. If a student received a §i§_in any subject,

this not only constituted failure in that subject; but

the student was forced to repeat the entire year's work

in all subjects. A fiyg in a course was considered a

probationary grade; and when a student received fiygs in

two or more subjects, this also was considered a failing

year; and the student was forced to repeat the entire

year's work. The only official grades that were posted on

the student's permanent record and sent home to the

parents were the annual grades. This annual grading

system was completely under the jurisdiction and control

of the instructors at the Gymnasium.
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The Abitur in Bavaria was developed and adminis-

tered completely by the Bavarian Ministry of Culture.

The individual instructors had nothing to say about its

content. The instructor's only responsibility was to

administer the test and submit it to the Ministry of

Culture for grading. In other West Germany Lander,

there was a committee of instructors who assisted the

Ministry of Culture in the preparation of the test. This

was not the case in Bavaria, and the system received

rather severe criticism from all of the Bavarian physics

instructors interviewed. The Abitur in physics was admin-

istered during late May or early June and took an entire

day to write. Again the grading system ranged from 933_

to gig, with §i§_constituting failure. A student could

receive a fiyg and still pass the entire Abitur as long

as he received £225 or better in the other test subjects.

Two or more five's meant the student had failed the

entire Abitur, and he was required to repeat the testing

process, usually the following fall. If the student

failed again, he was required to repeat his last Gymnasium
 

year and successfully pass the Abitur before being eli-

gible for university admission.

There were some exceptions to the above procedures

which are worthy of discussion. First, a student at a

mathematics and science Gymnasium wrote a different Abitur
 

than a student at a modern language, classical language,



217

or fine arts Gymnasium. The usual procedure at the mathe-
 

matics and science Gymnasium was for the student to write
 

his foreign language portion of the Abitur, usually Eng-

lish, at the conclusion of the twelfth school year. Then

at the end of the thirteenth and final year, he would

write the German, mathematics, and physics portion of

the Abitur. Thus if a student failed his English the

first time, he was allowed to repeat it at the end of

his final year and not lose any time. Until the year

1967, all Bavarian students were required to write the

Abitur in religion. This was discontinued following a

trend established earlier in the other west German Lander

to discontinue testing religion, although religion was

still a required subject in most Gymnasien.
 

The students in the modern language Gymnasien
 

followed a different procedure. They too were required

to write the Abitur in only four subjects, but they

wrote their mathematics examination at the conclusion of

their twelfth year and the German and their two modern

languages at the conclusion of their thirteenth and final

year. These students wrote no Abitur in physics.

At the fine arts Gymnasien, the students wrote
 

their mathematics examination at the end of their twelfth

year; and they wrote the Abitur in German, English, and

Latin at the end of the thirteenth year. Each of these

students was also required to take a special final
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examination in voice and the musical instrument of his

choice. Beginning in the year 1970, each student was

required to write the Abitur in music theory or art.

None of the students at the fine arts Gymnasien wrote
 

the physics portion of the Abitur. The students at the

classical language Gymnasien wrote no physics Abitur
 

either. Even though all students at all Gymnasien were
 

required to take physics sometime during their Gymnasien
 

education, only the mathematics and science Gymnasien
 

students were required to take the physics portion of

the Abitur. The physics portion of the Abitur satisfied

no specific university admission requirement, not even

at the Munich Technische Hochschule. However it was

recommended that students who planned to attend the

technical universities should secure their Gymnasium
 

education at the science and mathematics institutions

where the physics Abitur was a requirement.

Generally the taking of the Abitur was regarded

as a very traumatic experience by the Gymnasium students.
 

The examinations were scheduled during a one-week period

in late May or June with each subject taking one full

day. If a student had successfully completed one of the

exams previously at the end of his twelfth year, it meant

he looked forward to a minimum of three days of rigorous

examinations. All students wrote the same examination

questions on the same day. The examination envelope
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was Opened before the students by the instructor who had

also not seen the examination until that moment. The

physics examination was similar to the language examina-

tions in that it had an oral as well as a written portion.

There was dictation to take down and oral responses to

give to certain questions. Usually there were five hours

of mathematical problems covering the full range of the

student's physics experience plus oral responses to more

qualitative questions. It was not always completely new,

however; since during the entire thirteenth year, two

hours per week had been devoted to the solution of typical

Abitur problems under the tutelage of a physics instructor.

The practice questions came from previous examinations

and nearly always covered the same topics to the same

degree as the Abitur prepared by the office of the Min-

istry of Culture for that particular year. This was a

comment from several physics instructors. Although they

objected to the fact that they could not help in the

preparation of the examination, they did note that the

office of the Ministry of Culture was a creature of

habit; and the examination looked almost the same year

after year. The instructors seemed to team with the

students and to look on the Ministry of Culture and the

Abitur as the enemy which they had to defeat together.

The instructors and students were quite successful when

one notes the percentage of examinees who passed the
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Abitur. Even though the students were terribly anxious

about the Abitur, over 95 per cent passed the total

Abitur the first time; and something like 98 per cent

passed the physics Abitur the first time.1 The instruc-

tors and the Ministry of Culture regarded the Abitur as

somewhat anti-climactic following the conclusion of the

thirteenth year. Also since the grades in the various

parts of the Abitur had no bearing on university admission,

there appeared to be no value placed on a good Abitur

ranking versus a poor one. In addition to the written

and oral portions of the four major topics in the Abitur,

all students were required to take oral examinations in

the subjects of geography, history, and social science

as a part of their Abitur.

Evaluation--West German Kolleg
 

The evaluation process in the Kollege was exactly

the same as in the various types of Gymnasien. The
 

admission situation was somewhat different as previously

explained. The entrance examination was different from

the Gymnasium entrance testing to account for the age
 

and prior education of all Kolleg applicants. Also the

Kolleg entrance examination included English in addition

to the Gymnasium entrance topics of German and mathematics.
 

 

1Interview, Otto Martz of the Bavarian Ministry of

Culture, Munich, West Germany, on February 7, 1969.
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The examination and grading system within the two

and one-half year curriculum was the same as found in the

last three years of the various Gymnasien. Examinations
 

in all subjects, including physics, were taken each semes-

ter and official grades were assigned each year. Only

those students in a mathematics and science curriculum

of a Kolleg were required to take the physics portion of

the Abitur. Those who did wrote the same examination on

the same day as their Gymnasium counterparts, and the
 

tests were all graded together by the Ministry of Culture.

At the point when the student successfully completed the

Abitur, the Kolleg student was regarded as identical to

the Gymnasium graduate by the universities. Kolleg stu—

dents in the various types of programs such as modern

languages and classical languages wrote the Abitur in the

same subject areas as if they were enrolled in the respec-

tive types of Gymnasien.
 

The Telekolleg was different in the sense that
 

there was no intermediate evaluation and no evaluation

to determine admission. The only examinations administered

were the final examinations, which, when completed, en-

titled the student to the middle school certificate called

the Mittlere Reife.
 

Evaluation--West German University

It was in the Hochschulen and universities that
 

a consistent pattern of evaluation was observed that was
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significantly different from the United States college and

university system based upon credit-hours.

The situation observed at the University of Munich

appeared to be fairly typical of the procedures at Erlangen

University as well. As indicated previously, the only

criterion for a student to be admitted to a physics cur-

riculum or any curriculum that required physics was suc-

cessful completion of the Abitur. After the student was

admitted to the physics class, there was no formal eval-

uation in the course; and no grades were assigned. The

first examinations were administered after four or five

semesters. This battery of tests was called the Egg:

Diplom, or pre-diploma, examinations and covered all of

the material the student had taken in those specific

classes required in his particular curriculum during the

two or three years of university work. In the case of

the physics or mathematics major, the student was subjected

to three days of written and oral examinations in physics,

mathematics, and chemistry. The tests covered both lecture

and laboratory experiences. These tests were administered

by the department of his major curriculum and had to be

completed successfully before the student could continue

on to more advanced work in an area of specialization for

both course work and experimental research. In addition,

the tests were used as a counseling device since they

indicated areas of strength and weakness. This allowed
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the professors and the student to select the most pro-

mising areas for concentration as the student proceeded

toward the Diplom certificate. If a student indicated

a severe weakness in any area, he was required to attend

the appropriate lectures and take the tests again. When

the weakness was not too severe, it was suggested that

the student make the necessary course adjustment to rec-

tify the problem, and it was not necessary to repeat the

examination. The system bore a remarkable resemblance to

the procedure used by many American university physics

departments in developing the program of a doctoral can-

didate.

An exception to the typical West German university

evaluation process was noted for those students who were

recipients of federal scholarships. Those students had

to successfully pass annual examinations in all subjects

to maintain their scholarships. These examinations were

administered by the individual departments. This meant

that a physics major would take examinations from the

departments of mathematics, physics, and chemistry at

the end of the first year. This contrasted with the

Vg£:Diplom, which was administered exclusively by the

physics department. For those students who took physics

as a service course to their major field of interest such

as medical and dental students, there was no formal

evaluation in physics except as it was woven into their



224

examinations in the medical school. Several students

interviewed indicated that this meant that there was no

physics evaluation until their final examinations for

licensing at the conclusion of their entire program.

Often this was five to seven years after completing their

last physics course.

A frequent comment by the physics professors was

that they looked forward to the time when students would

be evaluated on a more regular basis, so both students

and professors would have an indication of general stu-

dent progress.

The situation at the Munich Technische Hochschule

was somewhat different. Although the only criterion for

admission was successful completion of any kind of an

Abitur, the school had instituted a comprehensive exami-

nation at the end of the first year. It was called the

Vor-Diplom A. It was oral and written and covered all
 

subjects taken the first year. It occupied two to three

days. There was a similar battery of tests at the end of

the second year. It was called the vor-Diplom IL. It
 

was administered and interpreted in exactly the same man-

ner as the Vor-Diplom examinations of the University of
 

Munich and Erlangen. The next step in the evaluation

process took place at the end of four or five years and

served as the basis for awarding the Diplom certificate

or degree. The Vbr-Diplom I and I£_were accepted as
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sufficient criteria to maintain scholarship assistance

for those students under the federal scholarship program.

A special examination was administered to scholarship

students at the end of the third year to certify their

eligibility for continuing their stipends. Even so,

the physics department at the Munich Technische Hochschule

felt that the evaluation process needed strengthening.

Thus they had instituted a program of periodic examinations,

required problems, and laboratory reports for determining

progress. While these periodic grades had no official

bearing on a student's standing, they were regarded as

an accurate measure of individual progress. The only

official grades that became a part of the permanent record

of the student were those assigned to the various 295:

Diplom and Diplom examinations.

The Padagogische Hochschule at Eichstatt had yet

another system of evaluation. Again the sole criterion

for admission was successful completion of any type of

Abitur. The basic evaluation technique for graduation

at the Padagogische Hochschule consisted of one large

final examination at the end of the three-year program

which covered all subjects taken during the entire exper-

ience. There were only a few courses which had indi-

vidual tests and unofficial grades assigned. These

included educational psychology, geography, and German.

Physics, mathematics, chemistry, biology, and English
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had no individual examinations and proficiency was

measured only in the final battery of written and oral

examinations. This test was administered by the Bavarian

Ministry of Culture office, and successful completion

entitled the student to receive the elementary school

teaching certificate. The physics portion of this exam-

ination consisted mainly of testing the student's ability

to communicate basic physical principles to children in

the five to twelve year age group. This did not sound

too difficult, but many students felt that this was the

most demanding portion of their five-day final comprehen-

sive examination. The most pervasive factor in the H222:

schule and university physics evaluation process was the

emphasis on the comprehensive examination as contrasted

with the individual course examinations found in the

United States in its undergraduate physics courses.

Evaluation--West German Polytechnikum
 

There was a rather comprehensive set of exami-

nations required of all those who enrolled at the Oskar-

von-Miller Polytechnikum in Munich. The students had to

pass tests in physics, mathematics, mechanical drawing,

English, and German. The sophistication of the physics

test was equivalent to the level of physics found in the

early Gymnasium years. It was quite elementary, but it
 

did require the use of simple algebra for the solution

of the exercises. This examination battery plus evidence
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of successful practical work experience had to be pre-

sented to be considered for admission. During the physics

courses taken by all students, there were periodic exami-

nations, problem sets, and laboratory reports that were

evaluated for the purpose of assigning grades. These

grades were unofficial, however; and the actual determi-

nation of success in all programs was made using the com-

prehensive engineering examinations administered by the

school under the jurisdiction of the Munich Department of

Education. These examinations were administered to all

students at the conclusion of the third semester and

again at the conclusion of the sixth semester. Unofficial

comprehensive examinations were administered at the end

of the first, second, fourth, and fifth semesters in

addition to the examinations given in most individual

courses. It appeared as though the evaluation process

was much more highly developed in the Polytechnikum than
 

in the Hochschulen or universities. The system resembled
 

that found in American higher education except that the

individual course grades had no bearing on the official

standing of the student. Progress was marked officially

using the comprehensive examinations at the end of the

third semester, the Vorprfifung, and the sixth semester
 

final examination called the Stadtliche Ingenieurprfifung,
 

or city engineering examination. This final examination

was graded on a basis of one to five, with five constitut-

ing failure. There were four divisions between one and
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four: 923 to 922 and gmg:hal£_was considered unusually

outstanding, gag and 922:A3££ to Eyg_and 922:A2A£ was con-

sidered outstanding, Egg and 922:Agl£ to E2522 and 923:A2££

was considered good, and $2522.3nd gmg:AaA£ to £22£_was

considered fair. These rankings had a bearing on the

quality of job offers the graduates received. Physics

and the application of physical principles were integral

parts of all of the comprehensive examinations.

Evaluation--Austrian Gymnasium
 

Most of what was observed regarding physics eval-

uation in West Germany was seen in Austria as well. In

fact there were many more similarities than differences.

The entrance examination to the Gymnasien consisted of
 

written and oral parts for German and mathematics. There

were periodic examinations, problem assignments, reci-

tations, and other written work required in the individual

physics courses, but no grades were assigned. Twice a

year each physics student received the instructor's written

assessment of his progress. This assessment contained an

evaluation of the student's class standing plus suggestions

for the student's future work in the physics class.

The significant difference between west Germany

and Austria was found in the final comprehensive exami-

nation. The equivalent of the west German Abitur was

called the Mature in Austria. All mathematics and science

Gymnasium graduates were required to take written and oral
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examinations in German, mathematics, English, and descrip-

tive geometry. In addition each student had to choose

three more subjects for inclusion in the written and oral

Mature examination. These could come from geography,

history, biology, chemistry, physics, modern languages,

Latin, religion, or the social sciences. There was no F:

requirement that any student had to take the Mature in

physics, although many of the mathematics and science

Gymnasium students did. The examinations were prepared
 

 with cooperation among the teachers, the school adminis-

trators, and the regional educational authorities. These

examinations were administered by the Gymnasium staff and
 

graded by the regional educational officials. Then the

tests were returned, and each student underwent an oral

examination in all subjects before a committee of the

teaching staff, school administrators, and the regional

educational representatives. Not until the student

had successfully completed this process did he receive

the Mature.

The situation was similar at the other types of

Gymnasien in Austria. The required Mature subjects were
 

German, English, mathematics, and Latin plus the election

of three more subjects from among those taken at the

respective Gymnasien. It was noted by most of the physics
 

instructors at the modern language and classical language

Gymnasien that physics was rarely elected as one of the
 

Mature subjects.
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As noted previously, the Werkschulheim at Ebenau,

near Salzburg, was a unique institution; and its admission

criteria included psychological testing in addition to

the standard Gymnasium entrance examination in German and
 

mathematics. The Mature at this institution was exactly

the same as at other Austrian mathematics and science

Gymnasien. In addition each student took the theoretical
 

and practical examination to qualify as a journeyman in

the trade he had chosen to study along with his regular

Gymnasium curriculum. Even though this was a private
 

school, the Mature was identical to that found in public

institutions and was supervised by the same regional

educational officers.

Evaluation--Austrian University
 

At the Vienna Technische Hochschule, all Mature

holders were eligible for admission. The evaluation

process within the institution was different from that

found in West German institutions of higher education.

Final examinations were given in each subject at the

conclusion of each course. There were no periodic exami-

nations within the individual physics courses or other

subjects, just final examinations. Each student had an

academic adviser, and it was the responsibility of the

student to present successfully completed examinations

in all subjects in his curriculum to his adviser; and the

adviser in cooperation with a faculty committee would
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then certify the status of the student's progress. There

were no comprehensive examinations until the Diplom writ-

ten and oral tests which were usually completed at the

end of the fifth year. The student must have completed

a publishable thesis project by this time also.

Evaluation--Austrian Hohere Lehranstalt
 

The entrance examinations at the two Austrian

Hohere Technische Lehranstalten consisted of tests in
 

mathematics, German, and a general intelligence test

plus a physical examination. The evaluation in the

physics portions of the student programs was conducted

on a periodic basis with final examinations written each

semester plus intermediate tests, problem sets, labora-

tory reports, and recitations all counting toward the

semester grades. These grades were reported to students

and parents and were made a part of the student's perma-

nent record at the school. At the conclusion of the five-

year programs, each student took the same Mature that was

taken by the students at the science and mathematics Gym:

nasien. Compulsory written and oral Mature test subjects

were mathematics, German, English, and descriptive geom-

etry. The elective test subjects were chosen from the

same general list as that used by their Gymnasium counter-
 

parts. Physics was one of these elective examination

topics and was frequently chosen by the Hohere Lehran-

stalt students. For those students who chose the



232

shorter four-year curricula, there was no Mature; but a

certificate of completion was awarded if the student had

successfully passed all subjects in the chosen curriculum.

There were no comprehensive examinations in the four-year

curricula.

It was interesting to note that upon completion

of the five-year curricula, the students were not granted

the title of engineer. The students took jobs; and after

five years of practical experience, they applied to the

Federal Ministry of Education for the title of engineer.

It was routinely granted. This delay in receiving the

title disturbed the staffs and administrations of the

two Austrian schools because it seemed to imply that

their schools were inferior to their counterparts, the

Swiss Technikum and the West German Polytechnikum, where
  

the title of engineer was granted upon graduation. Again,

it should be remembered that the entrance requirements

to the Austrian Lehranstalten were less rigorous and
 

allowed students to enroll five years earlier than stu-

dents admitted to either the Swiss Technikum or West Ger-
 

man Polytechnikum.
 

Evaluation--Swiss Gymnasium

The entrance examinations at the Swiss Gymnasien
 

required the students to demonstrate proficiency in mathe-

matics, German, and French, with the same test used in all

types of Gymnasien. During the course of the Gymnasium
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experience, periodic tests and grades were recorded in

the same fashion as at the West German Gymnasien. The
 

final comprehensive examination was called the Matur. It

was made up by the Gymnasien staffs under the supervision
 

of a university professor chosen by the Kanton office of

education. The EEEEE required every student to be tested

in eleven different subject areas. The required test

topics for all students were German, French, history,

geography, mathematics, physics, chemistry, biology, and

free-hand drawing. In addition the Type A classical

language Gymnasium students were required to take exami-
 

nations in Latin and Greek. The Type §_modern language

Gymnasium students were required to take examinations in
 

Latin and English or Italian. Most of the students

elected English. The Type G mathematics and science

Gymnasium students were required to take examinations
 

in descriptive geometry and English or Italian. Again

most of these students chose to be examined in English.

Not all examinations were combined written and oral tests.

Some variation in this procedure existed depending on the

type of Gymnasium curriculum. However, all students had
 

both written and oral examinations in German, French, and

mathematics. In addition the Type A Gymnasium students
 

had written and oral examinations in Greek and a choice

between physics and Latin. The Type §_Gymnasium students
 

had both types of examinations in English, if elected,
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and either Latin or physics. The Type G Gymnasium stu-
 

dents had written and oral tests in English, it elected,

plus descriptive geometry, and physics. The courses

where only written examinations were required were

history, geography, and biology.

Each topic was graded on a basis of egg to gig,

where §i§_was the highest score. According to Swiss law,

the M2E2£_was not awarded to those candidates who received

one mark of gas, or two marks of Egg, or one mark of 212

and two marks of Eh_£e_e_, or more than three marks of 2333,

or marks for all eleven subjects that totaled less than

forty. Again provisions for unsuccessful candidates were

made so that the examinations could be repeated if neces-

sary. Well over 90 per cent of those students who

attempted the EEEEE successfully passed on their first

try. All M3323 holders were eligible to enroll at either

the University of Zurich, the Swiss Federal Institute of

Technology at Zurich, or any other university in Switzer-

land.

Evaluation--Swiss University
 

There was no formal evaluation during the first-

year physics course at the University of Zurich. Also

there were no final examinations in any courses elected

by the student. The physics department had recently

established an unofficial policy under which it called

in.all physics and mathematics majors and subjected them
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to a two-hour oral examination administered by the lectur-

ing professor. This procedure was not officially

sanctioned by the University administration, but the

physics department felt it was necessary in order to

determine the general progress of these students. The

process was regarded as a counseling tool. Medical stu-

dents, chemists, and others who took physics as a required

course in their curriculum had no evaluation at all during

their exposure to physics. Theoretically any evaluation

in physics came later during comprehensive examinations.

To test prior to this major examination was regarded by

both students and administration as a violation of aca-

demic freedom.

At the end of two or three years, the physics and

mathematics majors took a comprehensive examination called

the 22£:Diplom. In this sense they were handled identi-

cally to students at the Universities of Munich and Erlan-

gen in West Germany. The students were counseled follow-

ing the 22£:Diplom and allowed to select their research

area and associated courses, and then allowed to continue

toward the Diplom degree, which was awarded following the

successful completion of a research project plus another

comprehensive written and oral examination. This was

usually completed in five to six years from initial

admission to the University of Zurich.
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The evaluation process at the Swiss Federal Insti-

tute was quite similar to that at the University of Zurich.

There was no formal evaluation in individual physics

courses. The bulk of the evaluation process was con-

ducted by means of a series of comprehensive examinations

administered at the conclusions of the fourth, sixth, and

eighth semesters. The examination administered at the

end of the eighth semester was called the Diplom exami-

nation; and this determined whether the student was

awarded the Diplom degree. The other two comprehensive

examinations were referred to as Vbr-Diplgm £_and lg
 

examinations. No SOphisticated research topic was

required to receive the Diplom at the Swiss Federal

Institute. Basic research leading to the doctoral degree

began after the Diplom had been conferred. Since most

of the students who attended the Swiss Federal Institute

were engineers, there was a heavy emphasis on application

of physical principles and mathematics in the various

comprehensive examinations. The examinations were more

sophisticated and theoretical for those students who

were majoring in applied physics and mathematics. Still

their 22;:Diplom gland ££_examinations covered all sub-

jects in their curricula taken prior to the particular

test. These examinations were prepared and administered

by faculty committees whose membership rotated to include

at one time or another all those staff members who pos-

sessed the academic rank of professor.



237

Evaluation--Swiss Technikum
 

The Technikum Winterthur required all candidates

for admission to pass an entrance examination in German,

mathematics, and technical drafting. The mathematics

examination contained exercises in arithmetic, algebra,

and geometry. During the physics classes, the students

were required to take as many as six short tests in each

semester plus problem sets, exercises, and laboratory

experiments. There was a final examination at the end

of each semester, and grades were assigned and made a

part of the student's permanent record. The grading

system was ggg through gig, with gig_being the highest.

Grades ggg, Egg, and EEEEE were considered unsuccessful.

In addition to the individual course grades, there were

two major comprehensive examinations. These came at the

ends of the fourth and sixth semesters. The examinations

at the end of the fourth semester contained the final

examination for physics. Thus, there were no pure physics

questions in the diploma examination taken at the com-

pletion of the sixth semester. Upon successful com-

pletion of the final examination, the student was awarded

the title of engineer or chemist depending on the par-

ticular curriculum. It appeared that this evaluation

system was a combination of periodic and comprehensive

examinations. .It should be noted, however, that final

certification came only after successful completion of a
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comprehensive examination and that all other evaluation

appeared to be merely of the progress report variety with

no official bearing on the status of the student.

Evaluation--Jackson Community College
 

The evaluation process at Jackson Community Col-

lege presented a significant departure from that observed

in any of the institutions visited in the three European

countries. While all students entering Jackson Community

College were subjected to the examination battery pre-

pared by the American College Testing program of Iowa

City, Iowa, the results had no bearing on the admission

status of applying students. Results in the areas of

natural science, mathematics, English, and social science

were used as tools by the counseling staff to identify

strengths and weaknesses for helping the students make

suitable course selections and vocational selections.

Within the individual course offerings, there

was a good deal of uniformity in the evaluation process

as a tool for the determination of grades and hence

credit for the courses. Jackson Community College used

‘the credit hour system to indicate student progress, and

there were no comprehensive examinations as found in the

three EurOpean countries. The grading system used through-

out the institution used the grades of A, g, G, G, and G,

with A constituting the highest grade. The credit hours

were generally equal to the number of contact hours which
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the class met each week during the semester. There was

some adjustment to this procedure for classes that had

laboratories. In addition there was a system for deter-

mining general progress that utilized grade points. An

A_in a course entitled the student to four grade points

per semester hour, a g yielded three grade points, a G

two grade points, a 2 one grade point, and an E produced

zero grade points per semester hour. To receive an

Associate's Degree, which was the highest degree awarded

by Jackson Community College, a student needed a minimum

of sixty-two semester hours of credit and 124 grade points.

This was referred to as a two-point average.
 

There were three basic types of evaluation exper-

iences that contributed to grades in all physics courses.

Students were required to take from three to five one-hour

examinations during each semester plus one two-hour final

examination. The scores on these tests plus results from

shorter tests, quizzes, and problems were combined to

yield a total lecture grade. Each laboratory exercise

had a written report that contributed to a laboratory

grade. There were no laboratory examinations. The

lecture grade was combined with the laboratory grade,

with the lecture grade weighted three to four times as

much as the laboratory grade. This procedure was followed

twice each semester. The first grade was unofficial and

was determined at the end of eight weeks of classes.
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This was called the mid-semester grade. The official

grade, which was entered upon the student's permanent

record or transcript, was determined at the end of the

semester and was reached by totaling all of the evalu-

ation experiences previously cited that occurred during

any one semester. In most courses, this meant totaling

some ten to fifteen individual lecture grades plus twelve

to fifteen laboratory report grades and tests. At Jack-

son Community College there was a strong commitment to

frequent evaluation and a definite aversion to any great

emphasis being placed upon the value of one final or

comprehensive examination as the criterion for determining

student progress. This was a singular departure from the

general procedure observed in all three European countries.

Evaluation--Summary
 

The Gymnasien in the three European countries
 

required written and oral examinations from all prospec-

tive students. In West Germany and Austria, their exami-

nations were in the areas of mathematics and German. In

German speaking Switzerland, the written and oral exami-

nations were in mathematics, German, and French. As indi-

cated in Chapter IV, over 90 per cent of all students

who applied were admitted. All of the physics programs

at the various Gymnasien in the three countries had
 

periodic examinations and were assigned grades. These

grades were unofficial in the sense that graduation from
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the Gymnasium was recognized only after the final compre-
 

hensive examination was successfully completed. This com-

prehensive examination, or maturity examination, was called

the Abitur, the Mature, or the E2223 in West Germany,

Austria, and Switzerland respectively. Although all

West German Gymnasium students were required to take
 

physics, not all were required to be examined in physics

in their final comprehensive examinations. Only the

West German mathematics and science Gymnasium students
 

were required to be examined in physics. The students

at the other Gymnasium types could elect physics as one

of their optional examination topics, but very few did.

Physics was an optional Mature examination topic in Aus-

tria. All Swiss Gymnasium students were required to
 

take the written test in physics and could elect the

oral part of the physics examination if they desired.

Those West German and Austrian students who did not

write comprehensive examinations in physics still

attended Gymnasien that had systems of grading that
 

required semester and annual grades; and a student had

to maintain satisfactory progress in all subjects,

including physics, in order to be promoted to the next

class and eventually become eligible to write the appro-

priate final comprehensive examination. The West German

Abitur required written tests in four subjects plus oral

tests in three more. These written subjects were German,

mathematics, and two more subjects consistent with the
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student's course of study. The Austrian Mature had writ-

ten and oral tests in seven subject areas. Those areas

were German, mathematics, and five additional subjects

depending upon the particular course of study. The Swiss

MgEgg tested all students in eleven different subject

areas. All students were tested in the areas of German,

French, history, geography, mathematics, physics, chem-

istry, biology, free-hand drawing, plus two additional

topic areas dependent upon curriculum choice. The mgggg

examined students orally, in writing, or a combination of

both according to a complicated pattern which was a

function of the student's curriculum and his choice.

This was explained previously in this chapter on pages

233 and 234.

The West German Kollege followed the same exami-

nation procedures in its physics courses and in the Abitur

as the West German Gymnasien. There were some variations
 

in admission testing since the students were admitted

assuming more advanced educational backgrounds. Instead

of testing in only German and mathematics, the prospec-

tive Kolleg student was tested in the areas of German,

mathematics, and English.

The only criterion for admission to a university

or Hochschule was possession of the Abitur, the Mature,
 

or the Matur. Admission to specific beginning physics

sequences was independent of previous success in physics
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or mathematics. very few of the universities and Tech-

nische Hochschulen had any evaluation conducted during or
 

at the conclusion of their beginning physics sequences.

The institutions relied on comprehensive examinations at

the end of two to three years, called Vor-Dipiom exami-
 

nations, which included some physics as a part of their

total test battery. The Vor-Diplom was an intermediate
 

examination which was followed by the Diplom examination

after an additional three to four years of university

or Technische Hochschule study. These institutions were

committed to the concept of comprehensive testing as the

sole criterion for determining student progress.

The evaluation processes of the engineering colleges

operated on a significantly different basis from the Gym:

mggign, universities, and Technische Hochschulen. The

west German Polytechnikum had entrance examinations in

the areas of physics, mathematics, mechanical drawing,

English, and German. The Austrian Hohere Lehranstalten
 

tested prospective students in the areas of mathematics,

German, and general intelligence. The Swiss Technikum
 

tested their prospective students in the areas of German,

mathematics, and technical drafting. All of the insti-

tutions had periodic examinations, and grades were assigned

for the physics courses required of all students. These

grades were used for determining general progress but

did not constitute the criteria for completion of the
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total programs. In all cases, successful completion was

determined by comprehensive examination. In the West

German Polytechnikum, there was a major intermediate
 

comprehensive examination administered at the end of the

student's third semester. The final comprehensive exami-

nation called the Ingeniurprfifung was administered at the
 

end of the sixth semester. Both examinations contained

physics as one of the examination topics. The situation

was very similar at the Swiss Technikum. The inter-
 

mediate comprehensive examination came at the end of the

fourth semester, and the final battery was administered

at the conclusion of the student's sixth semester. The

Austrian Hohere Lehranstalten followed a pattern that
  

closely paralleled the Gymnasien of the three European
 

countries. There were no intermediate comprehensive

examinations, just individual course grades to determine

satisfactory progress. At the conclusion of the final

year, all students wrote the same Mature that was written

by Austrian Gymnasium students. The Hohere Lehranstalt
  

students took oral and written tests in mathematics,

German, English, descriptive geometry, plus three more

elective subjects. Physics was one of these subjects

and was often elected by H6here Lehranstalt students.
 

There were no entrance examinations at Jackson

Community College. A test battery was administered to

all entering freshmen which was used by the counseling
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staff to assist the students in course and vocational

selection. It tested students in the areas of natural

science, mathematics, English, and social science. In

all physics courses and sequences, there were a variety

of evaluation processes. Periodic examinations, labora-

tory reports, problem sets, and short quizzes were com-

bined to yield a final semester grade for each student.

This grade became a part of the student's permanent

record. There were no comprehensive examinations com-

parable to those found in all European educational insti-

tutions. The credit hour system was the sole basis for

determining student progress in a course of study.



CHAPTER VII

SUMMARY OF THE FINDINGS, CONCLUSIONS, AND

SUGGESTIONS FOR FUTURE RESEARCH

Summary of the Findings
 

Students

There were many similarities among the populations

of the Gymnasien of the three European countries. Male
 

students outnumbered females by more than two to one.

The majority of the European Gymnasium students came
 

from middle to upper-middle class families. Students

attended classes in the mornings and early afternoon

hours over a six-day week, with weekly class loads of

from thirty to forty contact hours. Over 90 per cent

of all students who applied to the various Gymnasien
 

were admitted. Most Gymnasium students planned to con-
 

tinue their educations at universities or Hochschulen.
 

Approximately 30 to 40 per cent of all students who

enrolled in Gymnasien successfully completed. Those who
 

completed constituted only 6 to 9 per cent of the total

eighteen to twenty-year—old age group.

The European universities and Technische Hoch-
 

schulen studied were small by United States standards,

246
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ranging in size from 5,000 to 10,000 students. The only

exception was Munich University with 25,000 students. It

was the largest university in West Germany, Austria, or

Switzerland. Approximately 6 per cent of the total uni-

versity student populations were enrolled in the begin-

ning physics sequences. Twenty to 25 per cent of the

total Technische Hochschule student bodies were enrolled
 

in the beginning physics sequences. All Gymnasium grad-
 

uates were eligible to enroll in any university of Hoch-

schule. The socio-economic backgrounds of the university

and Hochschule students were similar to the Gymnasium
  

students, with very few students coming from.working class

and loweremiddle class families. Approximately 70 per

cent of all students enrolled in beginning physics

sequences successfully completed them. University and

Hochschule students carried weekly class loads of from
 

twenty to thirty contact hours.

Virtually all of the students at the engineering

colleges were male, and all took some physics as a part

of their various technical curricula. Students carried

class loads of from thirty to forty-five contact hours

spread over a six-day week. Only 50 per cent of all stu-

dents who applied were admitted. In west Germany and

Switzerland, a student must have completed some secondary

education plus some work experience or apprenticeship

to apply for admission. Applying students ranged from
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eighteen to twenty-four years of age. Students who applied

to the Austrian Hohere Lehranstalten were admitted after
 

a total of eight years of elementary and secondary edu-

cation. Thus, they were admitted at fourteen to sixteen

years of age. Most of the students at all of the engi-

neering colleges came from.working class and lower-middle

class families. Approximately 60 per cent of all stu-

dents who were enrolled successfully completed their

respective programs.

The Kollege were found only in West Germany and

enrolled students who were older than the Gymnasium stu-

dents in comparable programs. All Kolleg students took

physics as a part of their respective curricula. Male

students outnumbered female students by more than three

to one. Students were enrolled for twenty contact hours

per week in the evening programs and up to thirty-five

contact hours in the day programs. The evening Kollege

had three-year programs and paralleled the last three

years of the Gymnasium. The day Kollege compressed the
 

three-year Gymnasium programs into two and one-half years.
 

Only 10 to 30 per cent of the students who applied to the

Kollege were admitted. Over half of the students were

interested in pursuing the vocations of engineering and

teaching. Approximately 50 per cent of the students who

began the Kollege completed the Abitur successfully.
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Most of the physics students at Jackson Community

College were between the ages of eighteen and twenty-one.

Men outnumbered women three to one. Students who were

enrolled in beginning physics sequences had class loads

averaging fifteen contact hours per week spread over a

five-day week. Most of the students came from lower-

middle to middle class families. Over 70 per cent of all

students enrolled in physics classes completed them suc-

cessfully.

Curriculum
 

There were only two basic types of physics curricula

for all of the types of Gymnasien in West Germany, Austria,
 

and Switzerland. There was the mathematics and science

curriculum; and there was a common physics curriculum for

the modern language, classical language, economics, and

fine arts Gymnasien. Regardless of curriculum, all stu-
 

dents took physics for several years. The mathematics

and science students had physics for a greater number of

class meetings per week, for more years than the students

at the other Gymnasien, and pursued topics to greater
 

depth. All of the Gymnasium students were required to
 

take mathematics through calculus. The mathematics and

science students had calculus through transcendental

functions while the other Gymnasium students had calculus
 

only through algebraic functions. None of the students

were exposed to differential equations. The Gymnasium
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physics classes were small, usually under thirty students

but conducted as lecture-demonstrations. Most of the

Gymnasien followed fairly rigid course outlines with
 

little room for flexibility on the part of the instructor.

There was a good deal of interchange between students

and teaching staffs in the classroom. Few of the Gym:

nasien had libraries, and those which did rarely had

physics students using them. The West German Kollege

offered the same basic curricula as did the West German

Gymnasien.
 

The universities and Technische Hochschulen
 

started their physics courses below the level of the

final Gymnasium physics but quickly accelerated to a
 

more sophisticated level. The university and Technische
 

Hochschule physics usually required calculus and differ-
 

ential equations as pre-requisites. This was accomplished

in some cases by delaying the start of the beginning

physics sequence until the student's second or third

semester. All of the beginning physics lecture sequences

had associated laboratories. When students at the uni-

versities began the physics lecture courses during their

first semester, the beginning of the laboratory was often

delayed at least one semester. The Technische Hochschulen
 

did not allow students to begin their physics until the

second or third semester and then ran the laboratories

in phase with the lecture portion of the course. The
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demonstrations performed in the lecture classes at the

universities and Technische Hochschulen were very dra-
 

matic and required vast quantities of time and effort

to set up. These demonstrations utilized great quanti-

ties of highly specialized equipment. Lecture classes

were large and very formally conducted. Textbooks were

rarely used, and the lecturing professor's notes con-

stituted the basic written material for the course.

Physics laboratories had enrollments of under twenty

students and were conducted by junior professors and

graduate students.

There were many similarities among all of the

engineering colleges in the three European countries,

especially between the West German Polytechnikum and the
 

Swiss Technikum. The Polytechnikum and Technikum served
 
  

the same age group, had the same entrance requirements,

offered the same technical curricula, and required the

same amount and level of physics in these curricula.

The Austrian Hohere Lehranstalt was different in terms
 

of the younger age group it served, its five-year rather

than three-year programs, its different entrance require-

ments, its granting of the Mature, and the fact that its

graduates did not receive an engineering title upon grad-

uation. The Hohere Lehranstalten were similar to their
 

West German and Swiss counterparts in terms of the type

of engineering programs offered, the amount of physics
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required in corresponding curricula, and the sophistication

of the physics taught in various engineering curricula.

The sophistication of the physics taught approximated

that found in the mathematics and science Gymnasien of
 

all three countries. The mathematics encountered by the

students at the engineering colleges usually included

some differential equations; but this was taken after

completing the physics portion of their total curriculum,

so it provided little help. The physics was taught in

lecture classes that did not exceed forty-five students.

Considerable use of demonstrations, films, closed-circuit

television, and computers was found at all of the engi-

neering colleges. All of the physics programs had asso-

ciated laboratories. The application of physical prin-

ciples to the various engineering specialties was an

important theme throughout the various engineering

specialties was an important theme throughout the various

physics sequences. While libraries existed in all of the

engineering colleges, physics students did not utilize

them to any great extent but rather used lecture notes,

textbooks, and laboratory materials to fulfill their

class obligations.

There were four major divisions within the physics

offerings at Jackson Community College. The divisions

were the general education courses, college-parallel

courses, the terminal-technical course, and the
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continuing education courses. A student elected the

respective course depending upon his vocational objec-

tives and whether or not the student possessed the mathe-

'matics background that the course required for his enrol-

lment. The sophistication of the beginning physics

sequences varied significantly among the general edu-

cation, college parallel, and terminal-technical courses.

Again, this level of sophistication was more dependent

upon the mathematical background of the students admitted

than whether or not the student had had any physics pre-

viously. These mathematics pre-requisites varied from

one year of high school algebra for one of the general

education courses to one year of calculus for the Uni-

versity Physics sequence. All of the beginning physics

sequences had associated laboratories. Lecture classes

varied in size from ten to thirty-five students. There

was great emphasis placed upon class recitation, problem

solving, use of the textbook, and audio-visual materials

in the classes. Demonstrations were performed infre-

quently. Physical facilities were excellent, and the

physics department possessed a great quantity of demon-

stration and laboratory equipment. Library facilities

were good but rarely used by beginning physics students.

Evaluation
 

The Gymnasien in the three European countries
 

required written and oral examinations from all prospective
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students. In West Germany and Austria, these examinations

were in the areas of mathematics and German. In German

speaking Switzerland, the written and oral examinations

were in mathematics, German, and French. As indicated

in Chapter IV, over 90 per cent of all students who

applied were admitted. All of the physics programs at

the various Gymnasien in the three countries had periodic
 

examinations and were assigned grades. These grades were

unofficial in the sense that graduation from the Gym:

nasium was recognized only after the final comprehensive

examination was successfully completed. This comprehen-

sive examination or maturity examination was called the

Abitur, the Mature, or the mgggg in West Germany, Austria,

and Switzerland respectively. Although all West German

Gymnasium students were required to take physics, not all
 

were required to be examined in physics in their final

examinations. Only the West German mathematics and science

Gymnasium students were required to be examined in physics.
 

The students at the other types of Gymnasien could elect
 

physics as one of their optional examination topics, but

very few did. Physics was an optional Mature examination

topic in Austria. All Swiss Gymnasium students were
 

required to take the written test in physics and could

elect the oral part of the physics examination if they

desired. Those West German and Austrian students who

did not write a comprehensive examination in physics
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still attended Gymnasien that had systems of grading that
 

required semester and annual grades, and a student had

to maintain satisfactory progress in all subjects, includ-

ing physics, in order to be promoted to the next class

and eventually become eligible to graduate. The West Ger-

man Abitur required written tests in four subjects plus

oral tests in three more. The written subjects were Ger-

man, mathematics, and two more subjects consistent with

the student's course of study. The AuStrian Mature had

written and oral tests in seven subject areas. These

areas were German, mathematics, and five additional sub-

jects depending upon the particular course of study. The

Swiss EEEEE tested all students in eleven different sub-

ject areas. All students were tested in the areas of

German, French, history, geography, mathematics, physics,

chemistry, biology, free-hand drawing, plus two additional

topic areas dependent upon curriculum choice. The mgggg

examined students orally, in writing, or a combination

of both according to a complicated pattern which was a

function of the student's curriculum and student choice

of test subjects .

The West German Kollege followed the same exami-

nation procedures in its physics courses and in the Abitur

as the West German Gymnasien. There were some variations
 

in admission testing since the students were admitted

assuming more advanced educational backgrounds. Instead
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of testing in only German and mathematics, the prospective

Kolleg student was tested in the areas of German, mathe-

matics, and English.

The major requirement for admission to a university

or Hochschule was possession of the Abitur, the Mature, or
 

the Matur. Admission to specific beginning physics

sequences was independent of previous success in physics

or mathematics. Very few of the universities and Tech-

nische Hochschulen had any evaluation conducted during
 

or at the conclusion of their beginning physics sequences.

The institutions relied on comprehensive examinations at

the end of two to three years called Vor-Diplom examina-
 

tions which included some physics as a part of the total

test battery. The Vor-Diplom.was an intermediate exami-
 

nation which was followed by the Diplom examination after

an additional three to four years of university or Tech-

nische Hochschule study. These institutions were commit-
 

ted to the concept of comprehensive testing as the sole

criterion for determining student progress.

The engineering colleges Operated on a signifi-

cantly different basis from the Gymnasien, universities,
 

and Technische Hochschulen. The West German Polytechnikum
  

had entrance examinations in the areas of physics, mathe-

matics, mechanical drawing, English, and German. The

Austrian Hohere Lehranstalten tested prospective students
 

in the areas of mathematics, German, and general intelli-

gence. The Swiss Technikum tested their prospective
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students in the areas of German, mathematics, and tech-

nical drafting. All of the institutions had periodic

examinations, and grades were assigned for the physics

courses required of all students. These grades were

used for determining general progress but did not con-

stitute the criteria for completion of the total programs. 5’

In all cases successful completion was determined by com-

prehensive examination. In the West German Polytechnikum,
 

there was a major intermediate comprehensive examination

+
7

A
u

administered at the end of the student's third semester.  {
F
7

The final comprehensive examination, called the Ingenieur-
 

prfifung, was administered at the end of the sixth semester.

Both examinations contained physics as one of the exami-

nation topics. The situation was very similar at the

Swiss Technikum. The intermediate comprehensive exami-
 

nations came at the end of the fourth semester, and the

final battery was administered at the conclusion of the

student's sixth semester. The Austrian H5here Lehran-
 

stalten followed a pattern that closely paralleled the

Gymnasien of the three European countries. There were
 

no intermediate comprehensive examinations, just indi-

vidual course grades to determine satisfactory progress.

At the conclusion of the final year, all students wrote

the same Mature that was written by Austrian Gymnasium
 

students. The Hohere Lehranstalt students took oral
 

and written tests in mathematics, German, English,
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descriptive geometry, plus three more elective subjects.

Physics was one of these subjects and was often chosen

by H6here Lehranstalt students.
 

There were no entrance examinations at Jackson

Community College. A test battery was administered to

all entering freshmen which was used by the counseling r“

staff to assist the students in course and vocational

selection. It tested students in the areas of natural

science, mathematics, English, and social science. In

all physics courses and sequences, there were a variety  
of evaluation processes. Periodic examinations, labora-

tory reports, problem sets, and short quizzes were com-

bined to yield a final semester grade for each student.

This grade became a part of the student's permanent

record. There were no comprehensive examinations com-

parable to those found in all European educational insti-

tutions. The credit hour system was the sole basis for

determining student progress in a course of study.

Conclusions
 

Probably the most significant implication of this

total study was that it provided a comparison of physics

instruction in corresponding European educational insti-

tutions, a comparison that had not as yet appeared in

any of the German or English language literature. In

fact, there was very little descriptive writing about any



259

of the instruction in the types of institutions studied.

Jackson Community College served only as a familiar and

convenient reference point to anchor the entire study.

There was a great deal of similarity among com-

parable institutions in the three European countries,

more than could be attributed to the common language

utilized throughout. With some notable exceptions, the

various institutions served the same socio-economic

classes with the same curricula and did this in the

same general physical settings with approximately the

same dogmatic attitudes from the teaching staffs and the

rigid bureaucracy found in the state and federal minis-

tries of education. The notable exceptions to the above

generalizations were cited previously and included the

degree of flexibility found in some Swiss institutions

with their less rigid teaching staffs. Another

exception to this rigid pattern was found in the engi-

neering colleges of the three European countries. Their

pragmatism was in sharp contrast to the authoritarian atti-

tude of the other institutions and more closely paralleled

the general situation observed at Jackson Community College.

Students

One of the most significant conclusions related to

the fact that all Gymnasium students took several years of
 

physics and that physics occupied a greater part of the

student programs than either biology or chemistry. This
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was true in all three European countries. As expected,

all students at the engineering colleges and Technische
 

Hochschulen took physics, while only some of the general

university students found physics in their curricula.

In that sense the latter students were similar to the

students at Jackson Community College.

It was noted that the Gymnasien in all three
 

European countries were fairly exclusive institutions

since only some 20 per cent of the potential entering

students found themselves enrolling. The fact that only

6 to 8 per cent of that total age group successfully com-

pleted the Gymnasien meant that a very small percentage
 

of the youth was qualified to continue its education at

the universities. This was in sharp contrast to the

percentage of students who graduated from high school and

were eligible to enroll at Jackson Community College. A

percentage many times in excess of 6 to 8 per cent of the

age group graduated from Jackson County high schools and

was eligible to enroll at Jackson Community College with

its "open-door" policy.

It has been pointed out that most of the students

at these European Gymnasien and universities appeared to
 

come from middle to upper-middle class families while

the students at Jackson Community College came mostly

from lower-middle to middle class families. This appeared

to reflect the fact that higher education was somewhat

more available in the Jackson area and desired by a wider
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range of the population spectrum. The students at the

engineering colleges came from the lower-middle classes;

and although they were virtually all male students, they

appeared to be very comparable to the socio-economic level

of the male student population at Jackson Community Col-

lege. Similarities between the West German Kolleg stu- {I

dents and Jackson Community College students were very
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noticeable also. They were similar in socio-economic
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background and vocational interests. The student popu-

lations at the Technische Hochschulen and universities   

were virtually the same as found at the Gymnasien since
 

they provided the only route to higher education and in

fact appeared to be the sole reason for their existence.

Curriculum
 

Some of the most impressive characteristics of

the total European physics programs included the strong

commitment to physics as the most significant part of

the required natural science programs. This showed up

in enrollment statistics, especially at the Gymnasium
 

level. More students were enrolled each year in physics

than in biology or chemistry. This was not true in

American high schools or institutions of higher education.

An exception was noted at Jackson Community College.

There were more students enrolled in physics each year

than in chemistry, but biology had a higher enrollment

than physics and chemistry combined.
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At this point something must be said about the

equivalency of the Gymnasium education to American edu-
 

cation. Certainly, the Gymnasium graduates from west
 

Germany, Austria, and Switzerland were well above the

level of most American high school graduates in terms of

exposure to languages, science, mathematics, social *3

sciences, and humanities. The fact that most West German

universities did not admit American transfer students to

enter as first-year students until they had completed two

years of American higher education did not appear to be

unreasonable.

Based upon the observations and the results of the

interviews, some conclusions can be drawn regarding the

level of physics instruction among the various institutions

in the three European countries compared to Jackson Com-

munity College. The general level of Gymnasium physics
 

instruction was higher in Austria than in either West

Germany or Switzerland when similar Gymnasium types were
 

compared. This was not anticipated since the Austrian

Gymnasium was only eight years in length compared to nine
 

years in west Germany and eight and one-half years in

Switzerland. In all three countries the science and mathe-

 

matics Gymnasien had more rigorous physics programs than

at the other Gymnasium types. The most sophisticated Gym:
 

nasium physics closely paralleled the College Physics

sequence at Jackson Community College, which was taken
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by non-science majors and had a mathematics prerequisite

of trigonometry. The University Physics sequence at Jack-

son Community College was above the level of any Gymnasium
 

physics encountered. This was unusual when one considered

the number of years these Gymnasium students were exposed
 

to physics. It was felt also that with the selection

process that took place, the general intellectual sophis-

tication of the Gymnasium students was higher than the
 

University Physics students at Jackson Community College.

It was felt that there was no reason why the Gymnasium
 

students could not have progressed further except that

the advanced topics were simply not in their prescribed

curricula. were these advanced topics included, it would

have meant that the Gymnasium students would have been
 

exposed to a level of physics equivalent or beyond the

level of beginning physics found at the universities and

Technische Hochschulen. It was felt that the Gymnasium
 

physics programs suffered also because of the general

lack of laboratory experiences.

The level of sophistication of the first-year

physics programs at the universities and Technische
 

Hochschulen was slightly below or equivalent to the
 

level of physics presented in the University Physics at

Jackson Community College. It was felt that the students

were handicapped to some degree in those institutions

where their physics laboratory was delayed one to two
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semesters after the lecture presentations. This lack of

articulation was a cause for concern to many professors

and students.

The physics at the European engineering colleges,

while presented in a most attractive way, did not match

the level of sophistication of the University Physics at

Jackson Community College and more closely paralleled the

physics found in the College Physics sequence.
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Many of the Gymnasium physics teachers felt that
 

state and federal curriculum requirements kept the stu-  
dents from realizing their full potential in physics

during the long exposure at the science and mathematics

Gymnasien. The students had undergone a fairly rigorous

selection process, worked extremely hard; and in six to

eight years of physics classes it was felt that the

students should have been able to progress far beyond the

level the respective ministries of education required,

or allowed, and tested.

The similarities in physics curricula among the

three European countries at the Gymnasien, engineering
 

colleges, universities, and Technische Hochschule were
 

amazing. Differences existed only in matters of emphasis

and somewhat in the physical facilities the particular

economy was able to support. The similarities at the

Gymnasium level that appeared most significant included
 

the emphases on the demonstrations in the lecture classes,
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the lack of physics laboratories, the small class sizes,

the inflexibility of the physics offerings, the general

formality of the class meetings, the fact that all of the

physics was taught as though all students were majoring

in the subject instead of using a general education

approach, the chafing of the physics teachers because

they wished to have more autonomy in the design and exe-

cution of the physics curriculum, and the restrictions

placed on the teachers because they all had to teach

toward one final comprehensive examination at the con-

clusion of the school experience. There was a decided

enrollment trend away from the classical language Gym:

nasien to the modern language institutions, with the

science and mathematics Gymnasien maintaining their same
 

percentage of total students. In all countries a greater

percentage of students were enrolling in the Gymnasien,
 

predicting problems for the universities in years to come

unless university admission policies changed.

The general environment, philosophy, and approach

to teaching found at the universities of the three coun-

tries were very comparable. The physics programs seemed

very professor-centered and rarely considered student

needs and interests. There was some evidence that this

lack of interest for the student concerns was changing.

The Universities of Munich, Erlangen, and Zurich were

instituting counseling programs to help students make
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course and career selections. Students were being

allowed to have some voice in the design of curricula.

All three institutions were in the process of developing

curricula for physics majors that included required

courses from the areas of the social sciences and human-

ities. These courses were not to be included in the com- r“

prehensive testing program in the near future; so many

professors had doubts regarding the effectiveness of the

programs. Students were primarily responsible for insti- Q

 tuting these new non-science requirements, and they felt L,

that their inclusion would be welcomed as long as there

was some corresponding reduction in physics and mathe-

matics course and test requirements.

The Technische Hochschulen were different from
 

the universities beyond the difference in vocational

choices of their students. There was a more rigid

attitude on the part of the physics departments and the

school officials requiring attendance of students at class

lectures. They usually required a heavier schedule of

contact hours per week and seemed to be more successful

in graduating their students in a shorter time period

than the corresponding students in similar programs at

the universities. An observation was made for both the

universities and the Technische Hochschulen, and that
 

was that the Herr Doktor Professors had firm control of
 

the institutions. This was a product of tradition and
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the intricacies of governmental funding of research and

teaching activities controlled by the professors.

. The similarities found at the engineering col-

leges of the three countries were significantly different

from those found at the Gymnasien and the institutions
 

of higher education. The engineering colleges were less

bound by tradition and less under the domination of the

teaching staffs. The institutions were much more stu-

dent oriented and maintained a consistent philosophy of

doing whatever was necessary to produce a desirable

final product. Thus, these institutions were quite sus-

ceptible to change. This general attitude pervaded their

approach to teaching, the use of aduio-visual aids, and

a willingness to experiment in all phases of their pro-

gram. This was true even in Austria, where the students

enrolled at an earlier age than in West Germany or Swit-

zerland; and the Austrian students were required to

write the Mature the same as their Gymnasium counterparts.
 

It was at the engineering colleges that the greatest sim:

ilarities between European education and Jackson Community

College were observed. The most significant character-

istic shared by the physics staffs at the engineering

colleges and at Jackson Community College was their com-

mitment to attempt to satisfy community and hence student

needs with their respective curricula.
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One of the most significant aspects of the Jack-

son Community College curriculum was the many tracks of

beginning physics available, five in all, that took a

heterogeneous student population and attempted to pro-

vide a physics program for each of the students regardless

of academic background or vocational preference. Another

aspect was the firm commitment to the physics laboratory

as a significant part of all five physics programs. Along

with this laboratory commitment was an abundance of labo-

ratory equipment and supplies. It was obvious that a sig-

 

nificant financial commitment had been made for the acqui-

sition of equipment and supplies.1

Evaluation
 

The greatest single difference in educational

philosophy between the European countries and Jackson

Community College was found in the attitude toward com-

prehensive testing. It was safe to say that even minor

steps in the European educational process were documented

with some type of comprehensive testing. There was no

comprehensive testing at Jackson Community College.

Instead it had the standard credit hour system commonly

found at American institutions of higher education.

Although there was some discussion at the European

 

lInterview, Donald Troyer, Comptroller of Jack-

son Community College, Jackson, Mich., on May 14, 1970.
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universities about adding intermediate levels of testing,

there was little mention of doing away with the compre-

hensive testing at any of the current levels.

The admission examinations at all Gymnasien did
 

not appear to be particularly rigorous since such a high

percentage of those who applied were successfully admit- TI

ted. Thus, if the Gymnasien were enrolling a selected
 

portion of the total population, this was not a result
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that could be credited to the testing procedures. The

 most significant part of the evaluation process at the

Gymnasium level was the final comprehensive examination.
 

Such examinations as the Abitur, Mature, and Matur are
 

not commonly found in American education. The New York

Regency examinations and examinations for graduates of

unaccredited high schools to determine university admis-

sion are two of a very few such comprehensive examinations

and are not found generally as the sole criteria for

admission to higher educational institutions, although

many institutions require testing as one of several cri-

teria considered during the admission process. Rarely

are these same tests used as a part of the high school

completion process. The significant differences among

the Abitur, Mature, and Matur were in the fewer number of
 

subjects that were tested in West Germany compared to

Austria and Switzerland. Another difference was that the

Bavarian physics teachers had absolutely no part in the
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preparation of the examinations, which contrasted with

their Austrian and Swiss counterparts with their respec-

tive degrees of participation.

The universities and Hochschulen were committed
 

to the Abitur, Mature, and Matur as the sole criterion
 

for admission although many individual professors were

concerned about the fact that too many students were

enrolled in the Gymnasien and heading inevitably toward
 

the universities. Many university professors felt that

more than successful completion of the Abitur, Mature,
 

or Matur would be required for university admission in

the near future. In any case, growth of the universities

and associated changes seemed certain. The commitment

to comprehensive examinations such as the Vbr-Diplom and
 

Diplom plus the lack of individual physics course eval-

uations was significantly different from the situation at

Jackson Community College. No individual course grades

were assigned at any of the European universities and

Hochschulen.
 

Suggestions for Future Research
 

There were a number of problems and trends observed

in the European educational institutions that could pro-

vide material for future study. One of these topics

concerns the preparation, status, and salary of Gymnasium
 

teachers compared to American high school and junior

college teachers. There are several questions that should
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be answered. Is the European teacher currently compen-

sated better than his American counterpart? What are the

relative educational backgrounds, and how do these relate

to salary levels? Does the European teacher really enjoy

a higher status than the American teacher?

There seemed to be a paradox which related to the f“:

fact that such a small number of students applied to the

Gymnasium and yet over 90 per cent were admitted. Why +

do more students not elect to enter a Gymnasium since it
 

 appears so easy to enroll? There were many responses to iw

this question when it was asked, but none seemed conclu-

sive.

Another trend that was observed in West Germany

concerned the emergence of the Realschule. It was stated
 

by many educators that the Realschule was being developed
 

to parallel the American comprehensive high school. The

question is: What effect will this have on Gymnasium
 

and university enrollments in the coming years?

West German, Austrian, and Swiss educators were

predicting that the classical language Gymnasien were
 

fading from the scene. West German educators were pre-

dicting also that the life of the Kollege was limited.

It would be of interest to see if these predictions hold

true and if so, to analyze fully what factors are bring-

ing about the demise of these two types of institutions.
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Another series of problems relate to the uni-

versity. Many professors felt that their control of

the institutions was being threatened by student demands

for an increased voice in university affairs. Will the

universities institute reforms giving the students more

control over their curricula, providing counseling ser-

vices to students, increasing the number of elective

courses in student curricula, and allowing the students

closer personal contact with the professors? The value

of such reforms is currently being debated within the

university structure. The various political parties,

professors, students, and governmental officials were

all involved in this sometimes violent debate.

Another matter of interest in the universities

and Hochschulen includes the fact that individual pro-

fessors were requesting to be grouped in physics depart-

ments and not independent institutes, with the physics

departments having more authority than the Aggg, federal,

or Kanton ministries of education. A physics department

as known in the United States existed only at the Munich

Technische Hochschule, and there only because Nobel

Laureate Rudolph L. Mossbauer had threatened to leave

the Munich Technische Hochschule and come to the United

States unless a physics department were established.1

 

1Interview, Edgar Lfischer of the physics department,

Munich Technische Hochschule, Munich, West Germany, on

April 25, 1969. ‘
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Will more West German, Austrian, and Swiss universities

and Hochschulen be granted this increased departmental
 

autonomy, and what effect would this have on the total

physics program?

Still another topic that was partially investi-

gated and deserves further consideration is the method of r*

selecting professors at the universities and Technische
 

Hochschulen in German-speaking Europe. The politics and

intrigue involved in this process would make for inter-

‘
U
F
.

.
1
.
.
.

esting reading, especially when compared to the process  
in American colleges and universities.

Another very pervasive feeling, which should be

studied, was detected in Austria, Switzerland, and par-

ticularly in West Germany. This was the desire of the

individual Gymnasium teachers to have greater freedom in
 

what they taught and how their students were evaluated.

They longed for some of the autonomy of the university

professor. This desire was expressed most strongly in

West Germany and to a lesser degree in Austria and Swit-

zerland, where the Gymnasium teachers already had some
 

greater flexibility. It would be of interest to see if

the Gymnasium teachers are granted greater autonomy and
 

how such a process might evolve.

During the survey of the existing literature

related to this investigation, it became apparent that

very little had been done in analyzing and comparing
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the various curricula in comparable European institutions

among themselves or to any educational programs in the

United States. It is felt that the current literature

would be enhanced if such studies as suggested were

undertaken and the results published. A number of

journal articles are expected to be written using the

material contained in this study plus additional data

obtained in the observation and interview process that

were not included in this report.

As the direct result of a preliminary report on

this study, one investigator has undertaken a comparable

study of physics instruction in Great Britain, France,

and northern West Germany. Dr. Ralph Miller, Chairman of

the Physics Department at Greenville College, Greenville,

Illinois, is spending the first semester of the academic

year 1970-71 conducting this study. He is using the

same basic questionnaire that was used in this investi-

gation. SinCe this study contained little information

on physics instruction at Gymnasien in West German Lander
 

other than Bavaria, it is hoped that Dr. Miller's research

can complement the investigation contained in this paper.
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APPENDIX A

DEFINITION OF TERMS

Since this study was primarily concerned with the

study of education in German speaking Europe, there are a

number of terms related to education that will be defined

as they have appeared in the text of this study. The best

source book available for the definition and explanation

of the German terms was found to be Schultze and Fiihr.l

1. Comprehensive junior college.--A two-year,

post-high school institution in the United States that had

as its objectives the six cited on page 1.

2. Gymnasium.--A school which led to the qualifi-
 

cations needed for entry to universities, technical uni-

versities, teacher training colleges, and other insti-

tutions of higher education. The plural of Gymnasium is
 

Gymnasien. The Gymnasium was found in West Germany,
  

Austria, and Switzerland. In West Germany it encompassed

grades five through twelve. In Switzerland it contained

 

lWalter Schultze and Christopher Ffihr, Schools in

the Federal Republic of German (Weinheim, West Germany:

VerIag Julius Beltz, l 7 .

 

284



285

grades seven through twelve and one-half; however, this

varied somewhat from Kanton to Kanton. In addition to

the three traditional West German school types, the Gym-

nasium for classical languages, the Gymnasium for mathe-
 

matics and science, and the Gymnasium for modern lan-
 

guages, new ones had recently been added so that there --

were now a commercial Gymnasium, a Gymnasium for social
  

subjects, and the Gymnasium for the fine arts. In prior
 

years, this last had been called the Deutsches Gymnasium,
 

 which served as the institution for training elementary

school teachers. All of these schools had since been

converted to one of the other newer types of Gymnasium,
 

and the requirements for teaching in the elementary

schools had been raised to require three years of prepar-

ation beyond Gymnasium completion. In Austria there were

many more types of Gymnasien established by the Education
 

Act of 19621, but the most common types corresponded to

those found in West Germany. There was some slight dif-

ference between a Gymnasium of mathematics and a'gym-
 

nasium of science and mathematics.

3. University.--Similar in all three German

speaking countries and corresponded to the university in

 

1Federal Ministry of Education, Austria, School

Organization Act 1962 (Vienna, Austria: Osterreichiscfier

BundesvefIag, 1965).
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the United States. In all countries, admission to the

university was attained only after successfully passing

the comprehensive maturity examination required for com-

pletion of any type of Gymnasium. Most of the univer-
 

sities had the classical faculties of law, medicine,

theology, and philosophy. Only recently had some of

the philosophy faculties split into science faculties,

where the physics program was found. Very few univer-

sities had colleges of engineering or technology.

4. Technische Hochschule.--Literally translates
 

as technical high school, but in reality was a technical

university with colleges of engineering, technology, and

applied sciences. The plural of Hochschule is Hochschulen.
  

Entrance regulations required the applicant to have

received the maturity certificate from a Gymnasium.
 

5. Kolleg.--Institutions established since WOrld

War II for older students who had not completed the Gym-

nasium yet who desired to enter the university. The plural

of Kolleg is Kollege. There are both day and night K21-

lggg: but in any case, they take the final three years of

the Gymnasium and compress this into a two and one-half
 

year program leading to the maturity certificate. The

Kolleg was found only in West Germany. The governments

' of Austria and Switzerland assisted a number of private

educational institutions that offered remedial Gymnasium
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programs to serve the same purpose as the West German

Kolleg.

6. Abitur.--The West German maturity certificate

necessary for university entrance. It was a comprehen-

sive examination supervised by the individual states

written at the end of the Gymnasium program and was a
 

requirement for university admission.

7. Mature.--The Austrian equivalent of the West

German Abitur.

8. Matur.--The Swiss equivalent of the Abitur

and Mature.

9. Polytechnikum.--The West German college of
 

engineering or engineering school. It had a shorter and

a less rigorous program than at a Technische Hochschule.
 

10. Hohere Technische Lehranstalt.--The Austrian

equivalent of the West German Polytechnikum.
 

ll. Technikum.--The Swiss version of the engi-
 

neering college and nearly comparable to the West German

Polytechnikum.
 

12. Volksschule.--Elementary school found in all
 

three countries of West Germany, Austria, and Switzerland.

In West Germany the elementary school was divided into

two major parts. The first was four years in duration:

.
“

’
'

.
‘
r

l
-
‘
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and following this some of the students transferred to

various types of secondary education, the Gymnasium being
 

one of the types. The second part of the Volksschule con-
 

sisted of a five-year program, and the completion con-

stituted the end of compulsory full-time education. Only

the city-state of Berlin required six years in this second

phase of elementary education. Austria had an eight-year

elementary program divided into two four-year segments.

After the first four years, many students switched into

various types of secondary education as was the case in

West Germany. Compulsory full-time education concluded

with the completion of eight years of any type of school-

ing. Switzerland had an elementary education program

which varied slightly depending upon the particular

governmental province in which the student lived. In

Zurich, compulsory elementary education was eight years

in duration. Some students continued on to secondary

schools, and others went into various types of vocational

training at the conclusion of this elementary sequence.

13. Mittel or Realschule.--A type of general
 

secondary education found only in West Germany. Students

enrolled after the conclusion of four, five, or six years

of elementary education. The Realschule program was six
 

years in duration and concluded at grade ten, one year

beyond the compulsory full-time school attendance require-

ment.
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14. Mittlere Reife.--The certificate of com-
 

pletion received at the conclusion of the Realschule in
 

West Germany. The literal translation is "middle exami-

nation."

15. Berufsschule.--A part-time vocational school
 

found in West Germany, Austria, and Switzerland usually

financially supported by the local community. Students

were required to attend the Berufsschule one or two days
 

per week between the ages of fifteen and eighteen, taking

some general education and some vocational subjects

closely related to the type or work they were performing

at their job in the local community. An extremely close

relationship existed among this type of school, the

employers, and the local community. A student who

finished the elementary school or Realschule before age
 

eighteen was required to attend the Berufsschule until
 

his eighteenth birthday in all West German Lander.

16. Telekolleg.--An educational television effort
 

found in West Germany, where older students who had not

completed the Realschule watched a five-night per week
 

schedule of television programming in five subjects and

then attended classes on Saturday morning at an education

center to review and evaluate their progress. The total

program was three years in duration, and the Mittlere

Reifg_was conferred upon those who successfully completed

the three-year sequence.
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17. Abendgymnasium.--The night Gymnasium, an
  

institution most commonly found in Austria and Switzerland,

existing in either a public or private form, where a large

number of the older students and "late bloomers" went back

to secure the Mature or MEEEE in order to enter a univer-

sity program. In these two countries the Abendgymnasium
 

served the same purpose as the Kolleg in West Germany.

18. Volkshochschule.--Literally translates as
 

"peOple's high school." The institution was found in

West Germany, Austria, and Switzerland and contained most

of what is known in the United States as adult education.

Most of the programming in the Volkshochschule served a
 

general education function and was not designed to lead

a person to advanced or higher education. One notable

exception was found in Austria, where the Abendgymnasium
 

program was a part of the more general adult program found

in the Volkshochschule. Although the Volkshochschule was
  

usually locally administered and locally funded, the

federal government did subsidize the Abendgymnasium
 

portion of the Volkshochschule program.
 

l9. Kanton.--The Swiss equivalent of our American

state. There are twenty-five Kantons and half-Kantons in

the Swiss Republic. Virtually all educational programs in

Switzerland were administered on the Kanton level rather

than at the federal level.
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20. Eggg.--The equivalent of state in West Germany

and Austria. The plural of this word is Lander. There

are eight states in West Germany and the three city-states

of Berlin, Bremen, and Hamburg, making a total of eleven

major political and educational subdivisions in all West

Germany. In West Germany the 222$ was the basic educa-

tional subdivision and assumed jurisdiction in almost all

school matters. It was comparable to the Swiss Kanton in

this regard. In Austria, while the EEEQ or state also

existed, most school programs were administered on a

national level from the Federal Ministry of Education in

Vienna. There are a total of nine Lander in Austria

including the city-state of Vienna.

21. Ministry of Culture.--The governmental branch

that housed the office of education in all of the West

German Lander. Each of the eleven West German Lander had

a Minister of Culture who was also the chief executive of

all educational programs in that particular state.

22. Oberstudiendirektor.--The title of the chief
 

official or principal at a West German Gymnasium. In
 

Austria the equivalent title was Direktor. In Switzerland

the chief official was called the Rektor.

23. Oberstudienrat.--The title of a senior
 

instructor at a west German Gymnasium, usually conferred

by the Ministry of Culture after five or six years of
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successful teaching experience. In Austria, all Gymnasium
 

teachers had the title of professor unless they possessed

the doctorate, in which case their title was Doctor. In

Switzerland, there were no titles used for instructors

unless they possessed doctorates, in which case the title

Doctor was also used.

24. Referendar.--The title used in West Germany
 

for the teacher trainee while still in a student-teaching

program at the Gymnasium level. The teacher candidate
 

retained this title for one year or until he successfully

passed the comprehensive teacher certification exami-

nations administered by the Land.
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QUESTIONNAIRE FORM AT ALL EDUCATIONAL INSTITUTIONS

Institution

1. Location

2. Type

3. Size

4. Founded

Names and Positions of Interviewees

Other Descriptive Data

. Sex of Students

. Daily Schedule

. Annual Calendar

. Education of Girlsh
W
N
F
‘

Institutional Objectives and Criteria for Evaluating

Institutional Effectiveness

Relationship of School to Environment

1. Relationship to Labor Force

2. Relationship to Local Community

3. Relationship to Church

4. Method of Financial Support for School

Teaching Staff

Sources and Preparation of Teaching Staff

Selection and Hiring

Teacher Compensation

Teaching Load

Relationship of Mathematics Staff to Physics StaffM
u
t
t
-
W
N
H

o
o

o
o

0

Student Input

1. Admission Criteria

2. Socio-Economic Status of Students
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Educational and Vocational Aspirations

Part of the Total Age Group Served by Respective

Institution

Number of Students Who Work

Student Fees

Cost for Room and Board

Cost and Availability of Transportation

Any Other Demography

Completion Data

 

1. Percentage of Beginning Students Who Complete

2. Criteria for Completion

3. What Do Completers Do and Where Do They Go?

4. What Do Drop-Outs Do?

5. When Do Drop-Outs Drop Out?

6. Determination of Value of Gymnasium Completion for

Students Who Do Not Enter University

Curriculum

1. Typical Curriculum for Students

2. Subjects Taken, When, and How Long

3. Contact Hours by Years

4. Curricula Where Physics Is Taken

5.‘ Physics Cycle

6. Existence of Specialized Physics Program Such As

Physical Science or Technical Physics

Pedagogical Techniques in Physics

1. Audio-Visual, Programmed Instruction, Computer

Aided Instruction

2. Team Teaching

3. Lecture, Recitation

4. Class Size

5. Use of Laboratory

6. Textbooks

7. Lesson Plans (Source and Nature)

8. Library

9. Any Other Techniques or Aids

Evaluation

1. Evaluation for School Completion

2. Discussion of Abitur, Mature, or Matur, Where

Appropriate

3. Differences in Final Evaluation in Different States

4. Any Major Testing Programs Prior to Final Eval-

uation
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Mathematics Related to the Physics Programs

Key Physical Principles--When and Where Introduced

Newton's Laws with Calculus

Maxwell's Distribution--Kinetic Theory of Gases

Magnetic Effects of Electrical Current Flow

Fresnel and Fraunhofer Diffraction

Special Relativity

Bohr-Rutherford Theory of the Atom

deBroglie Wavesfl
a
w
-
b
o
o
k
)
!
“

.
0

Look to the Future

Curriculum Development

Buildings and Equipment

Enrollment Projections

Any Trends in Physics Instructiont
h
H

General Comments Based upon Observations



 


