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Chapter 1- Background
At its meeting on July 14, 2009, the Council for Higher Education (CHE) decided to evaluate the
study programs in the field of Chemistry in higher education in Israel. The initial steps by CHE
included the formulation of a self-evaluation study for each participating institution and the
appointment of an evaluation committee consisting of:







Professor Richard Eisenberg, Department of Chemistry, University of Rochester,
Rochester, NY
Professor Allen J. Bard, Department of Chemistry, University of Texas, Austin,
TX1
Professor Tobin J. Marks, Department of Chemistry, Northwestern University,
Evanston, IL
Professor William L. Jorgensen, Department of Chemistry, Yale University, New
Haven, CT2
Professor Joan S. Valentine, Department of Chemistry, University of California Los Angeles, Los Angeles, CA
Professor David Milstein, Weizmann Institute of Science, Rehovoth3

Each of the committee members is a research active chemistry faculty member with broad
disciplinary experience. Each non-Israeli member is a member of the U.S. National Academy of
Sciences and is fully involved in all aspects of chemistry programs at the graduate and
undergraduate levels.
The committee was assisted in its efforts by Ms. Alisa Elon, Coordinator of the committee on
behalf of the Council for Higher Education.
Within the framework of its activity, the Committee was requested to submit the following
documents to CHE:
1. A final report on each of the evaluated departments,
2. A general report on the state of the discipline in the Israeli higher education
system, including recommendations to the CHE for standards and potential
state-wide changes in the evaluated field of study.
The Committee’s letter of appointment is attached as Appendix 1.
The process was conducted in accordance with the CHE’s Guidelines for Self-Evaluation (of
October 2009).

1

Prof. Allen J. Bard did not participate in the June visits to Ben-Gurion University of the Negev, Bar-Ilan
University, and the Weizmann Institute of Science for personal reasons.
2
Prof. William L. Jorgensen did not participate in the visit to Tel-Aviv University for personal reasons.
3
Prof. David Milstein did not participate in the evaluation of chemical sciences studies at the Feinberg
Graduate School at the Weizmann Institute of Science in accordance with the CHE's policy on avoiding the
appearance of a conflict of interests.
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Chapter 2-Committee Procedures
The Committee held its first meeting on June 12, 2011 during which it discussed
fundamental issues concerning higher education in Israel, the quality assessment activity,
as well as Chemistry study programs.
Prior to each visit, the Committee met to discuss the self-evaluation report of the
respective institution. The report included institutional history, enrollment and retention
metrics, programs of study, and faculty information. Questions were raised based on the
self-evaluation that became in part the basis for discussions during the Committee's visit.
A number of points that arose in these discussions were common to several (or more)
institutions. They are presented below in this general report.
In June 2011, the Committee held its first round of visits and went to Ben-Gurion
University of the Negev, Bar-Ilan University, and the Weizmann Institute of Science. The
second round of visits was carried out in December 2011 with site visits to the Hebrew
University, Ariel University Center of Samaria, the Open University, the Technion Israel
Institute of Technology, and Tel Aviv University. During the visits, the Committee met
with academic leaders and senior administrators, as well as with faculty and students at
all levels. The comments expressed during these meetings serve as the foundation of the
Committee's analysis and this report.
The Committee wishes to thank the management of the institutions and the Chemistry
departments for their self-evaluation reports and for their hospitality towards the
Committee during its visits.
This report deals with the general state of Chemistry study programs in Israel.

4

Chapter 3-Executive Summary
Despite its intellectual, historical and economic importance, interest in chemistry has
declined significantly in recent years. This fact, coupled with reported recent changes in
high school curricula and claims concerning the quality of pre-college preparation, needs
urgent attention by appropriate government agencies for the scientific and economic well
being of the country. Chemistry is the molecular science on which much of current
materials and biological innovation is based. The Committee recommends changes in the
requirements for undergraduate and graduate programs to promote more research and
active learning in the undergraduate degree program and to facilitate and streamline the
path to the Ph.D. degree at the graduate level. For the former, more undergraduate
research and reduction in the number of formal courses is advocated, while for the latter,
the Committee advocates facilitating the entry of students beyond the first degree into the
"Direct to Ph.D. program". Other recommendations include: (1) renewed and greater
attempts by universities to recruit the best young scientists to faculty positions regardless
of nationality (to remain among the best research programs anywhere in the world, this is
an absolute necessity); (2) efforts to increase the hiring of female faculty members,
possibly through selective new programs and the relaxing of the informal requirement of
postdoctoral work abroad; (3) institution of new funding mechanisms and programs to
provide funds for mid-career and senior scientists for the purchase of new
instrumentation and equipment as well as for laboratory refurbishment; and (4)
establishment of more uniform measures of credit hours across Israel's universities so that
program comparisons based on credit hours can be more meaningful.
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Chapter 4-Evaluation of Programs of Study in Chemistry within the Israeli System
of Higher Education


This Report relates to the situation current at the time of the visit to the
institutions, and does not take account of any subsequent changes. The Report
records the conclusions reached by the Evaluation Committee based on the
documentation provided by the institutions, information gained through
interviews, discussion and observation as well as other information available to
the Committee.

Chemistry has a long and distinguished history in Israel. In modern times, this began with
Chaim Weizmann whose work on the process to produce acetone by bacterial
fermentation of starch during World War I served to stimulate the Balfour declaration
and subsequent commitment to the partitioning of Palestine and Israel's creation. Efforts
in chemistry have flourished over the past half century with the creation of a vital
chemical industry, more recent activities in pharmaceuticals and nanotechnology, and on
the academic front, major achievements in diverse aspects of fundamental chemical
science, culminating with international recognition and major awards such as the 2004,
2009, and 2011 Nobel Prizes in Chemistry.
However, despite this history and these notable recent accomplishments, the esteem of
chemistry has recently declined in the eyes of the Israeli public, and its significance in the
scientific education of secondary students has reportedly been diminished. To the
Committee, this devaluation of the importance of chemistry in Israel today and in the
near future is a major problem with significant, albeit unpredictable, societal
consequences. Chemistry is not just a basic science. It is the foundational subject on
which much of modern technology is built. It is the molecular science concerned with the
arrangement and structures of collections of atoms into molecules and other substances of
scale small and large, exhibiting specific properties and tendencies to undergo
transformations. Molecules can range from the simplest of gases (of importance in
climate change, air pollution, and microelectronics fabrication) to the most complex of
structures such as proteins and DNA (which underlie all life processes). As scientists,
chemists are unique in their ability to create new matter through the synthesis of new
molecules such as biologically active pharmaceuticals, polymers, and extended solids,
and they have developed the unique ability to arrange molecules into assemblies of
building blocks to create previously unimagined nanoscale structures at the heart of
today's nanotechnology, advanced catalytic processes, and tomorrow's wide-scale solar
energy conversion.
In addition to a central importance in basic science and a technologically educated
society, chemistry and a chemically knowledgeable workforce are central to the Israeli
economy. The Israeli chemical industry encompasses petrochemicals, pharmaceuticals,
commodity chemicals, plastics, and specialty chemicals (flavors, fragrances, detergents,
coatings), employs 28,000 people, and accounts for about 20% of Israel's GDP and about
15% of the industrial exports. The underlying science of such a notable segments of
today's economy must be nurtured at all levels. Additionally, in the near-term future,

6
optimal processing and utilization of Israel's sizable natural gas reserves will rely heavily
on chemistry and related technology.
High school preparation. Contributing to the decline of interest in Israeli chemistry
have been changes in the high school science curriculum and requirements. Specifically,
students are no longer required to study chemistry in a pre-college program and can
choose instead a non-science course. Introductions to biotechnology and/or other applied
fields such as nanotechnology do not sufficiently introduce basic chemical concepts and a
molecular perspective essential to a true understanding of these subjects. While the
Committee did not examine high school curricula or preparation directly, the comments
heard by the Committee from faculty at the majority of universities and institutions
visited indicated a serious systemic problem that requires attention and remediation. One
first-degree chemistry student said that in his high school only six out of 300 students
took chemistry. In one visit, three of eight first-degree chemistry students with whom the
Committee met had not studied chemistry in high school. While the decline of chemistry
enrollments in high school and the general level of high school preparation for higher
education are outside the purview of the Committee, we believe that it is imperative to
revisit the scientific curriculum question. The inclusion of chemistry in comparable precollege programs in the United States is greater than it appears to be in Israel. As noted
above, chemistry is important for the economic well-being of Israel, and the country will
need to rely on its own population to produce highly skilled scientists in all evolving
aspects of molecular science.
Undergraduate Programs. A general comment heard repeatedly from students in the
B.Sc. programs is that the program is too compressed - too many courses, too little time
to assimilate course content, especially when coupled with the greater needs of students
to work part-time to support themselves while in college. The Committee is sensitive to
this criticism, especially in light of the fact that many students take 3.5-4.5 years to
complete the nominally scheduled 3-year first-degree program. In examining the courses
required for a B.Sc. degree in Chemistry, it may be instructive to examine course
guidelines formulated by the Committee on Professional Training of the American
Chemical Society, which is included in this document as Appendix 2.
At the same time, the Committee regards an undergraduate research experience,
undertaking a project as a member of a research group, as highly important in teaching
students research methodology and making them active learners in the subject they have
chosen to study. Undergraduates invariably enjoy research and, for talented students, it
reinforces the desire for advanced study in chemistry. In order to relieve some of the
pressure on students in the current 3-year first degree program, while allowing students
time to undertake undergraduate research work, the Committee recommends the
movement of some third-year elective courses to the Master's program and use of more
course credits for students carrying out a research project in a faculty member's
laboratory. In general, most programs that the Committee examined have such a research
course, but it is usually one elective of many, and often for one semester only. A greater
emphasis on undergraduate research is strongly advocated by the Committee in the firstdegree program.
In the context of student transition from passive learner to active researcher, the
Committee notes that other capstone experiences could be incorporated into the first
degree program such as an honors thesis based on the student's research, and a poster
session at which all research active students present their work to their peers. The
Committee also feels that exposure to industrial concepts, the scientific innovation
process, and intellectual property issues are pedagogically attractive additions to a B.Sc.
chemistry curriculum.
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The possibility of reducing the number of required courses for the B.Sc. degree should be
reexamined at all institutions with the recognition that education is an ongoing process,
and that learning is not developed only by formal courses. Teaching students how to
think both critically and creatively should be paramount relative to the transfer of
knowledge. Faculty at a number of institutions expressed an interest in expansion of the
first-degree program to four years based in part on student feedback and the fact that the
average time to the bachelor's degree was in reality 3.5-4.0 years. The Committee is
sympathetic to this view, but thinks that such a change can only be implemented in
conjunction with changes in the graduate program requirements and timelines discussed
below.
The Committee also recommends that students be encouraged to investigate the
possibility of graduate work at an institution other than their B.Sc. institution to broaden
their background and exposure to different areas and viewpoints in chemistry.
Masters and Ph.D. Programs. A repeated concern heard at all institutions we visited was
that the Israeli graduate student is older than comparable graduate students elsewhere
because of military service. Others were that the M.Sc. program has a very high number
of formal courses that must be completed and that the Ph.D. program also contains
required course work that is often less relevant to the student since the relevant courses
were already taken at the Master's or even advanced Bachelor's level. The large number
of required course credits (for clarification, the courses are generally electives, but the
course credits are required) together with teaching obligations at most institutions (and
with family obligations for many of the students) often result in the M.Sc. program
requiring 2.5-3.5 years for completion, rather than the allotted two years, and the Ph.D.
program requiring 4.5-5.0 years (or longer) rather than the allotted four years. The net
result is that the time from entrance into the M.Sc. program until Ph.D. completion
stretches from the programmed six years to more than seven years to complete.
The Committee regards this length of time as too great and believes that it can be
shortened significantly (>1 year) by elimination of some formal course credit
requirements and the more general adoption of the "Direct to Ph.D." program that all
universities have. The "Direct to Ph.D." program has generally been open to students who
have a grade point average above a certain threshold. The Committee believes that in
chemistry as a discipline the "Direct" path should be more generally adopted upon
entrance for graduate study. The Ph.D. program is primarily research-based, and high
grade point average does not always correlate with research success.
In recommending a general adoption of the "Direct to Ph.D." option, the Committee
believes that it is important to consider the relative merits of Masters and Doctoral
programs in Chemistry. For advancement in chemistry-related professions, the doctoral
degree is essential. The value added for the doctorate is much greater than that for the
Master's degree relative to the B.Sc. degree. The situation contrasts with that found in
engineering disciplines where the Master's degree has a substantial premium over the
corresponding Bachelor's. By advocating the "Direct to Ph.D." track for most graduate
students in chemistry, the Committee is recognizing a reality in both academic and
industrial chemical professions and is trying to facilitate accomplishment of the Ph.D.
degree within a reasonable timeframe.
A comment that heard by the Committee from students at a number of institutions was
their desire or interest in having more research related activities such as the writing of the
doctoral proposal in English. The Committee concurs with this sentiment and endorses it
in general, while recognizing the additional burden it may place on graduate students.

8
The universal language today for the communication of science, engineering and
chemistry is English, and the more practice students have with it, the better they will be
able to present their work. This practice will also help these students navigate through the
subtleties of scientific English, which can be very important in matters relating to
intellectual property.
Recruitment of new faculty. The Committee recognizes the special circumstances and
difficulties in recruiting new faculty members to Israel, but it has been said that the world
is getting flatter and that means greater competition for top faculty at all institutions
around the world. Many Israeli scientists who are doing postdoctoral work in the United
States are actively recruited by American universities. Their return to Israel is no longer
certain. For Israeli chemistry departments to continue to compete in the top ranks of
departments globally, they will need to recruit globally. Therefore, we recommend that in
recruiting new faculty, a broader net should be cast for outstanding candidates, and the
present, largely ad hoc approach be modified. The active hiring of foreign faculty may be
difficult or impossible under current Israeli law, but the matter needs to be considered if
Israeli universities are to continue as top institutions of research and learning.
Announcements of faculty openings in international journals such as Science and Nature
should be made along with notification of distinguished scientists in the field, who may
have current or former co-workers to recommend.
Gender considerations in the recruitment of new faculty. Consideration of pro-active
recruitment of female faculty members should be given in view of the fact that the
percentage of women in the faculties of the institutions visited by the Committee were
much lower than the percentages of women in all of the degree programs at these
institutions. In general, female students accounted for 35-65% of students in the programs
while female faculty in professorial positions accounted for only 10-15% of Chemistry
faculty. This is a situation encountered in other countries including the United States and
it takes a long time to correct. Current data for gender representation in US Chemistry
departments indicate that progress is being made. Therefore, efforts to move in that
direction in Israel should be made over the long run. A particular problem for the
recruiting of women faculty in Israel is the unofficial need for a postdoctoral position at a
major institution and/or laboratory abroad. For female students with families, this
requirement represents a genuine obstacle to further pursuit of a faculty position. The
Committee recommends that postdoctoral experience in a prestigious laboratory in Israel
be viewed positively and that the absence of foreign postdoctoral experience not be
viewed negatively. A special fellowship program should be considered to address this
issue.
General need for new laboratory equipment and laboratory refurbishment for mid-career
and senior faculty. Another concern that was widely expressed during the Committee's
discussions with different faculty groups was that while new faculty receive generous
start-up packages for equipment and renovated laboratories, there is no way for midcareer and senior scientists to obtain sufficient funds for the purchase of new equipment
that is not part of a shared facility. This is particularly true for physical chemists and
spectroscopists whose activities are heavily dependent on custom built instrumentation.
The Committee views very positively the generous startup packages for new faculty but
believes that the equipment funding mechanism for mid-career and senior scientists is
inadequate. While there are ISF infrastructure grants for large, shared equipment,
competitive grants for individual group instrumentation are generally too small for that
purpose. The Committee recommends that special funds be allocated for this purpose and
that CHE's Planning and Budget Committee (PBC) reexamine its funding policy for
instrumentation to address this problem.
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Possible removal of import taxes on university purchases of reagents and equipment.
Another concern heard from faculty, particular young faculty in the process of setting up
their laboratories is that the cost of purchasing equipment and reagents for use in
university research is considerably higher in Israel compared to those in the U.S. and
Europe. A significant fraction of these higher costs involves taxes levied on imports. The
Committee recommends that CHE work aggressively for the elimination of such taxes for
university research purposes.
Recruitment of faculty in chemistry fields that are needed in the national interest. The
Committee perceived that some fields, previously strong in some universities in Israel,
are disappearing from graduate research programs. An example is analytical chemistry,
which is important in industry and in fields such as forensic chemistry and proteomics.
The Committee notes that graduate level analytical chemistry, which may involve mass
spectrometry, electrochemistry, and separations, attracts a substantial number of students
in the U.S. We recommend that in their new hires, universities consider adding new
faculty in these important areas even if they do not appear currently fashionable to
university faculty in other fields.
TA teaching loads and TA mentoring. The Committee found that the time required for
teaching assistants to carry out their assigned duties at some institutions to be so long as
to seriously hinder their ability to conduct thesis research, thus compromising their
growth as independent researchers and extending the time to receiving a degree. To
address this issue, the Committee recommends: 1) reducing the teaching loads, 2)
allowing TAs to teach the same class more than once; 3) more extensive departmental
mentoring of TAs to enhance their teaching effectiveness; 4) greater faculty involvement
in course logistics, such as regular meetings with the TA staff for their course and
providing the pre-lab quizzes; and 5) more extensive use of electronic technologies such
as online quizzes and tutorials, chat rooms, group learning, etc.
Setting up a uniform system of credits. The Committee found in its examination of
programs that while all of them were acceptable, a large variation in the number of
required credits for the first degree was required (Hebrew University: 156; Technion:
124; Open University: 108-128; Tel Aviv University: 166). The differences in required
credits between different but comparable first degree programs can create misconceptions
to actual and prospective students regarding the intensity of studies in the various
departments. While some variation is acceptable, the Committee recommends a
comprehensive standard set by the CHE for the calculation of credit points required for
the academic first degree in chemistry. Variation in the range of credits at the masters and
PhD levels is more acceptable.
General Recommendations:
 Greater emphasis in the first-degree program on undergraduate research in
the curriculum.
 Reduction in the number of the upper-level elective courses required in the
Bachelor's degree to facilitate students doing research. This may also allow
movement of small number of courses from the second year to the third to
ease compression in the program.
 Use of the "Direct to Ph.D." track more generally at the start of graduate
studies.
 Reduction in the number of formal course credits in the combined MastersDoctoral program.
 Greater use of English in advanced studies should be done, such as in the
writing of the doctoral proposal.
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Recruit the best new faculty through broader searches. There are legal
questions here that need attention in the context of recruiting non-Israelis.
The fact is that competition for talented new faculty around the world is
getting more competitive, and if Israel wants to maintain its status as having
some of the best chemistry programs while experiencing declining national
interest in the subject, it will need to recruit more widely.
Recruit more women to Chemistry faculties. This may require special new
programs and reexamination of criteria for new faculty candidates.
Institution of a funding program for mid-career and senior scientists to
obtain funds for new equipment and laboratory refurbishment.
Increase efforts to have new laboratories ready for use within a few months
of the arrival of new faculty.

Signed by:

___________________________
Prof. Richard Eisenberg
Committee Chair

________________________
Prof. Allen J. Bard

____________________________
Prof. Tobin J. Marks

________________________
Prof. William L. Jorgensen

______________________

________________________

Prof. Joan S. Valentine

Prof. David Milstein
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Appendix 1- Copy of Letter of Appointment

