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Caltech Educational Effectiveness Review Essay 5

biology. Such understanding is critical for all scientists
and engineers as our society faces critical problems of
climate change and other aspects of environmental
science.

Both Ay 1 and Ge 1 have undergone changes since they
were first introduced. These courses have been offered
every year and are viewed by student and faculty as
successful menu courses. At the 2007 Student Faculty

Conference, students advocated for additional menu
courses and suggested that students be required to take
not one, but two menu courses from a longer list of
possible choices.

In recent years, the CCSC has encouraged a regular set of menu courses sponsored through
the academic divisions. For spring 2009 (and anticipated for 2010), there were three menu
courses in addition to Ay 1 and Ge 1: Introduction to Environmental Science and Engineering
(ESE 1), Information and Logic (IST 4), and Introduction to Energy Sciences (Ch/APh 2). In
these courses, students apply concepts from mathematics, physics, chemistry, or biology to
problems in the environmental sciences, information sciences, or energy sciences. In
addition, students are exposed to historical or current aspects of technology and society. In
ESE 1, students develop a scientific framework to understand and evaluate environmental
problems on local, regional, and global scales, and understand the dynamic interplay among
the atmosphere, biosphere, geosphere, and hydrosphere. In IST 4, students develop an
appreciation and a historical perspective of how digital information systems, such as their cell
phones and computers, process and communicate information, and the changes that have
occurred as a result of this technology. The students understand how to translate ideas to
abstract formal systems (like Boolean algebra) and to physical substrates (like silicon) that
compute. In Ch/APh 2, students learn the science and technology to generate energy and
electricity through fossil fuels, nuclear power, renewables, and biological energy flows. In
addition, all students in the class participate in a mock debate of the treaty for the United
Nations Framework Convention on Climate Change in Copenhagen. Each student group
represents a delegation from a different country (including Bangladesh, Iran, Russia,
Germany, Japan, and the United States); each group writes a position paper and presents their
country’s policy towards the treaty based on an understanding of the country’s energy
resources, energy needs, and environmental and economic consequences of current world
energy practices.

Besides giving students exposure to aspects of science about which they would otherwise not
learn, each of the five menu courses includes scientific communication, involving a written
report and/or an oral presentation. In Ay 1, students complete a written project in which they
apply deductive reasoning to a complex problem in astronomy, such as evaluating the effects
of a nearby supernova explosion on Earth. In Ge 1, students write an essay on the geological
significance on one of the places visited during the class field trip to the Grand Canyon. In
ESE 1, students discuss current environmental topics and complete a written project on the
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role of the popular press in these issues. In IST 4, students participate in “hat” questions
(students are awarded a baseball hat upon completion), which they present to the class; in
addition, there is an extra credit essay and presentation.

5.4.5 SCIENCE WRITING AND ORAL COMMUNICATION COURSES

The 1996 core revision called for a course in oral communication. At that time, several
options or divisions (EAS, Ge, and Ch) already required coursework in technical
presentations. Although the committee wanted to ensure that all students graduating from
Caltech learned skills in oral technical presentations, they also recognized that different
options and divisions might have variations in style and emphasis within their courses. As a
result, they left the implementation up to the options and the divisions.

The 1996 committee also advocated that all students should be required to take a course in
science writing. “The purpose of the science communication written requirement is to
introduce students to the particular challenges of clear and logical writing about science, both
for other scientists and (to a lesser extent) for non-scientists.” At the time of the 1996 report,
the committee did not specify the details of how to implement the requirement. By 1999, all
students were required to take a new course, Scientific Writing: Core 1 ab. This course was a
3-unit, two-quarter sequence (1 unit in the first quarter and 2 units in the second). In this
course, students wrote a 3000-word paper about a technical subject; however, the papers
were written for a non-technical audience. Each student worked with a faculty member and a
professional editor. At the end of the quarter, the papers were published in the on-line student
journal.

The purpose of the core writing course was debated by the faculty over several years with
much of the discussion happening within the CCSC and CUE; it was also a discussion topic
at the 2003 Student-Faculty Conference. Some faculty members preferred to see students
writing technical papers within a science or engineering field rather than writing for a lay
audience. In addition, there was a considerable cost associated with having a group of editors
to run the course. At the May 2004 Faculty Board meeting, the CCSC recommended that the
science writing requirements be implemented and taught within the divisions and not at the

Institute level. Similar to the oral communication requirement, the options and divisions
could make their own choices on an appropriate focus and audience for the writing
assignment.

Currently there are five 3-unit science writing courses (Ay 11; Ch/ChE 91; E 11; Ge 13; and
Ma 11) and five 3-unit oral presentation courses (Ay 30; E 10; Ch 90; Ge 109; Ma 10). In
addition, several options have a 6-unit course that covers both written and oral scientific
communication (Bi 24; BEM/Ec/SS 20; Ph 70). In chemical engineering, the oral
communication course is part of a required laboratory course (ChE 126). These courses are
taught by either professorial faculty members within the field or by professional staff
members. The Hixon Writing Center, which was established with an endowment in 2001 to
support writing across the curriculum, has also supported some of the science writing courses
within the divisions. Students may also elect to take Writing Science (En 84), a 9-unit course
taught within the HSS division to replace the division-specific science writing course.
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Since the Institute introduced the science writing requirement ten years ago, the focus has
changed from writing for a lay audience to writing specifically to an option or division. As
described in section 5.5 below, there is mixed feedback on student writing. Hence, as
discussed in section 5.7, the Caltech faculty is again rethinking the requirements in writing.

From the Caltech Admission’s website:

Humanities courses are essential to the development of scientists who can
communicate across academic disciplines and understand the cultural and
political conditions that affect their work. Students explore concepts from the
philosophy of science to the behaviors of individuals within economic and
political institutions. Techers refine the communication and analytical skills
that will compliment the knowledge they gain within the scientific curriculum.

hitp://www.admissions.caltech.edu/learning/humanities

Based on the freshman survey from the Cooperative Institutional Research Program (CIRP),
a high fraction of students entering Caltech in fall 2009 rate their academic ability (98%),
mathematical ability (94%), drive to achieve (94%), intellectual self-confidence (78%), and
computer skills (53%) as “above average” or the “highest 10%” as compared with students
their age. These indicators are similar to data from students entering Caltech in prior years
and compare favorably with students entering peer institutions. However, their self ratings of
creativity (58%), writing ability (61%), leadership ability (55%), public speaking ability
(42%) and social self-confidence (43%) are lower than incoming students at peer institutions
based on data from CIRP.

Figure 1 below shows data from the 2008 and 2009 senior exit survey; the response rate was
nearly 80% with approximately 330 respondents. At graduation, the majority of graduates
report growth in their ability to think analytically and logically; to gain an in-depth
knowledge of a field; to formulate and create original ideas and solutions; and to
communicate well orally. However, less than half of the graduates report growth in placing
current problems in historical or cultural perspective; writing effectively; or appreciating art,
literature, music, and drama.
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Figure 1. Senior Exit Survey for 2008 and 2009
Percent of students who self-rate their abilities as “stronger” or
“much stronger” as compared to when first entering Caltech

Think analytically and logically 94%
Gain in-depth knowledge of a field 91%
Formulate/create original ideas and solutions 89%
Evaluate the role of science and technology in society 75%
Communicate well orally 63%

Acquire broad knowledge in the arts and sciences 57%

Place current problems in historical/ cultural/
philosophical perspective

48%
Write effectively 43%

Appreciate art, literature, music, drama 36%

0% 20% 40% 60% 80%  100%

(Source: Responses from 2008 and 2009 senior exit surveys with approximately 330 respondents)

The recent alumni survey (see description in 3.3) was conducted with a consortium of highly
selective post-secondary institutions, which enabled Caltech to obtain comparative data.
Caltech alumni are distinctive relative to the science and engineering graduates of most other
elite universities in their perception of their preparation to acquire new skills and knowledge
on their own; to think analytically and logically; to use quantitative tools; to formulate
creative ideas and solutions; to gain an in-depth knowledge of a field; and to understand the
role of science and technology in society. On the other hand, compared with science and
engineering alumni at comprehensive research universities, our alumni’s perception of the
preparation that they received at Caltech is lower with regard to writing effectively;
communicating well orally; understanding social problems; being an effective leader;
understanding the significance of the arts; and in reading or speaking a foreign language.
Several of these topics, such as effective oral and written communication and an
understanding of social problems, are aligned with Caltech’s educational objectives. In
addition, Caltech also envisions that our alumni are prepared to become leaders in their field.
Because these survey results have only recently become available, Caltech’s faculty and
administration are just beginning the process of trying to understand their significance and
how the Institute might improve both its programs and the perceptions of our alumni of those
aspects of our programs in which they feel they were not uniformly well served.
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With the recent alumni survey, Caltech also included some specific questions related to
learning within the core curriculum. Fully 83% of all alumni respondents (from 1970 to
2008) agreed that the intellectual breadth of the core curriculum was valuable. As shown in
figure 2 below, Caltech’s alumni also indicated that the core prepared them to solve
challenging problems within and across science and engineering disciplines, and to apply
their analytic skills to areas of knowledge outside of science and engineering.

Figure 2. Caltech Alumni Survey (1970-2008)
To what extent did the core curriculum prepare you to:

Solve challenging problems within and across

. . ) L 4.2
science and engineering disciplines.
Apply your analytic skills to areas of knowledge 39
outside of science and engineering. ’
Analyze, synthesize, and communicate ideas. 3.8
Understand social, economic, cultural, and 29
political issues that are important in our society. '
1 2 3 4 5
Mean Score

(1=Not at all; 2=To a slight extent; 3=To a moderate extent;
4=To a considerable extent; 5=To a very great extent)

Slightly fewer alumni who responded to the survey indicated that the core prepared them to
analyze, synthesize, and communicate ideas. They perceive the weakest area to be the
effectiveness of the curriculum in helping them to develop an understanding of social,
economic, cultural, and political issues important in our society. Although not shown in the
figure above, the survey also indicated that the majority of alumni (70%) agreed that core
classes helped to promote collaboration between students. When asked if the core courses
were more difficult than courses within their majors, the responses were mixed: recent
alumni were more apt to indicate that the core curriculum was more difficult than coursework
in their majors (41% agreeing that the core was more difficult; 31% disagreeing; and 28%
neither agreeing nor disagreeing); alumni who graduated more than 10 years prior indicated
the opposite (approximately 25% agreeing that the core was more difficult and 36%
disagreeing). Across all graduation years, only a small percentage (typically 5%) suggested
that the number of core courses should be increased.
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In the fall of 2007, the Caltech Faculty Board voted to review the core curriculum. This
review was then incorporated into one of the three themes for the WASC CPR and EER. In

2008, the chair of the Faculty Board formally appointed a Core Curriculum Task Force

(CCTF) composed of thirteen faculty members from the six divisions and four undergraduate
students. The charge to the task force involves evaluating the content and learning outcomes
of the core curriculum and teaching within the core. The task force was also asked about
research opportunities available within the curriculum, advising, and about the possibility of
shifting the academic calendar from quarters to semesters.

The CCTF surveyed the Caltech faculty members to get input and feedback on the core

curriculum as it now stands and how it might be modified. Approximately 53% of the
Caltech professorial faculty responded to the survey. Of those responding, 85% of the faculty
indicated that Caltech should have a core curriculum; 4% responded that Caltech should not
have a core curriculum, and 11% were unsure.

Faculty members were also asked to indicate whether specific topics within the sciences,
engineering, humanities, and social sciences should be an “in-depth” aspect of the core, an
“exposed” look at the topic, part of a “menu” course, “not in the core,” or “no opinion.” The
topics in which the most popular faculty response was “in depth” included many topics
currently found in the core, such as single variable calculus, linear algebra, multivariable
calculus, ordinary differential equations, and probability (topics currently covered in Ma 1
and 2). Classical mechanics, electricity and magnetism, waves, thermodynamics, and
quantum mechanics were also part of the “in depth” group, and are integral to the current Ph
1 and 2. Within the chemistry curriculum, the faculty indicated that chemical structure and
bonding, atoms and the periodic table, properties of matter, and a chemistry laboratory should
be an in-depth part of the core; these topics are included in Ch 1 and Ch 3a. Additionally, the
survey shows that the faculty view cell biology, computer programming, and a physics
laboratory important aspects of the core curriculum. The faculty also indicated that students
should receive an in-depth exposure to writing, science writing, and English/literature.

During fall 2009, the CCTF made presentations to the Faculty Board, the Caltech faculty, and
the undergraduate students at a recent open forum. The CCTF wrote and distributed a

preliminary report in which they indicated their intent “to promote vigorous campus-wide

discussion,” which has been the case for each of these meetings. In the report, the CCTF
stresses six major philosophical concepts in how the core should be approached:

= Multiple paths through required courses to recognize the range of backgrounds of
entering students;

= Early exposure to faculty in non-lecture settings, such as a freshman seminar;

= Renormalization of the number of required courses in biology, chemistry, physics,
and mathematics;

* An intensive emphasis on critical writing skills;

* An exposure to the fundamental ideas and applications of algorithms and
computational science; and
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= A commitment to laboratories that involve data collection and analysis, and the
design and creation of a working prototype.

Through the preliminary report, the CCTF also proposed an academic program that reduces
the physics curriculum to 3 quarters rather than the current 5 quarters; retains the 2 quarters
of chemistry lecture; increases the biology curriculum to 2 quarters from the current 1
quarter; reduces the mathematics requirements to 4 quarters from 5; increases the number of
laboratory courses from 2 to 3; and introduces a freshman seminar course and a course in
algorithm development. The CCTF recommended a reduction in the total number of HSS
courses from 12 to 10, but also suggested that there be four writing-intense courses on grades
(two at the freshman level and two advanced humanities courses). In addition, the CCTF
proposed that the pass-fail grading system be used only in the first quarter of the freshman
year and not the second quarter, as is currently the policy.

As of the writing of this EER report, the discussions on the core curriculum are on-going.
The WASC visiting team will be updated on these discussions during their visit.

As described in 5.1, Caltech requires all undergraduates to complete four humanities courses
(two at the freshman level and two advanced humanities courses); almost all of these courses
have limited enrollments of 15 to 25 students to increase interactions between faculty and the
students. They also have a significant emphasis on writing. The documentation in Appendix
1 shows examples of course syllabi, writing assignments, and supplementary writing
materials that are provided in some humanities courses. All students are also required to
complete a science writing course (see 5.4).

Despite the fact that students are required to take these writing courses, they perceive that
Caltech has not prepared them to write effectively (see the data from graduating students and
alumni presented in 5.5). To understand better why students did not feel that their writing had
improved during their time at Caltech, a study was conducted to understand the writing
coursework taken by students. As shown in Figure 1 for the 2008 and 2009 exit surveys,
approximately 42% of graduating students indicated that their writing had improved; of the
remaining students, 30% indicated that their writing skills had remained unchanged while at
Caltech, and 28% indicated their writing skills had become weaker while at Caltech. An
initial analysis of just the 2009 graduates showed that our international students are
significantly more likely to report that their writing skills are stronger (83%) since coming to
Caltech than are U.S. students (46%); other variables, such as grade point average, gender,
race and/or ethnicity, major, and second majors (including a second major within HSS), were
not statistically significant predictors of students’ self-perceptions on writing.

For the 2009 graduates, 60 transcripts were examined for domestic students: 20 transcripts
from students who reported that their writing skills had improved; 20 from students who
reported that their skills had remained unchanged; and 20 from students who reported that
their writing skills had become weaker. The analysis of the 60 transcripts showed little
difference between the three groups of students, including grade point average for the
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humanities courses, choices among humanities courses, and average number of SURFs (a
SURF requires several written technical reports). The three groups of students had
comparable scores on their SAT exams and scores for their writing assessment tests when
they entered Caltech. Almost all of the 60 students took their science writing course in their
last or second-to-last quarter in residence. In addition, approximately half of the students
(equally among the three groups) took one or both of their advanced writing-intensive
courses on a pass-fail basis or elected to take an advanced foreign language course to replace
a writing-intensive course.

Based on this information, the faculty in the humanities recently discussed and debated issues
associated with writing within the humanities courses. Because of the pass-fail grading
system used in the first two quarters of the freshman year, most students take their writing-
intensive freshman humanities courses on a pass-fail basis. The humanities faculty has
observed that the pass-fail system allows students to hover just above the threshold for
passing and not develop skills in writing, editing, and re-writing papers. As a result of their
discussion, the humanities faculty voted to require that students take their introductory and
advanced humanities courses on grades. Because these courses are a part of the core
curriculum, the CC, the CCSC, and the Faculty Board will need to vote to approve these
changes.

ESSAY 6. HONOR CODE
(CFRs: 1.2,2.3.2.4,2.11,4.3)

The Caltech Honor Code states: “No member of the Caltech community shall take unfair
advantage of any other member of the Caltech community.” This statement is found in the
catalog, the Faculty Handbook, and the Honor Code Handbook. It is an integral part of

Caltech and the foundation of Caltech’s trust-based community. One of Caltech’s educational
outcomes captures the essence of the Honor Code; as found in the catalog, “Caltech
graduates demonstrate integrity, personal and professional responsibility, and respect for
others.”

As noted by the WASC visiting team in November 2008, “Sustaining the Honor Code system
requires dedication and care.” Since that visit, Caltech has continued to promote campus
engagement on the topic of the Honor Code, especially as it applies to life outside of
academics. The academic application of the Code remains strong and we are working to
enhance the understanding of the Honor Code throughout the campus community. Surveys of
the alumni and the freshman class, presentations to faculty and students, training for resident
associates and teaching assistants, and the formation of two different task forces have all
been part of this important effort designed to move us toward sustaining a strong honor
system at Caltech.
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Caltech has not previously conducted a survey of alumni regarding their perceptions of the
Honor Code. Overall, the responses from the recent alumni survey (see 3.3 for a description
of the survey) provide evidence that the code has a positive and lasting influence on our
students. As shown in Figure 3 below, graduates from 1970 through 2008 indicated that the
Honor Code moderately or considerably influenced their awareness of actions that take unfair
advantage of others; their interactions with professional colleagues and acquaintances; their
definition of what it means to be an ethical citizen; and their sense of responsibility for
people around them. Although not shown in the figure, fully 83% of the alumni respondents
“strongly agree” or “agree somewhat” that the Honor Code promotes the idea of individual
responsibility for collective well-being and 84% agreed that it supports respectful, tolerant
relationships between students. The statement, “Lessons from living on a campus with an
Honor Code are easily extrapolated to real life,” was endorsed as well but less strongly (65%
agreed). As one recent alumnus wrote, “Regarding the Honor Code, I believe it is a truly
unique aspect of Caltech, and it has left one of the most lasting impressions. It fosters an
atmosphere of cooperation, teaches self-discipline, and most importantly, gives us the
opportunity to face a difficult decision and always choose that which is right, not necessarily
easiest.”

Figure 3. Caltech Alumni Survey (1970-2008)
To what extent has the Honor Code influenced your:

Awareness of actions that take unfair

advantage of others. 3.6

Interactions with professional colleagues and 35
acquaintances. )

Definition of what it means to be an ethical 35
citizen. '
Sense of responsibility for the welfare of people 33

around you. ’
1 2 3 4 5

Mean Score
(1=Not at all; 2=To a slight extent; 3=To a moderate extent;
4=To a considerable extent; 5=To a very great extent)

In December of 2008, the undergraduate chair of the Board of Control (the BoC, which is the
student-run committee that investigates and makes recommendations on academic violations
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of the Honor Code) appointed an Ad Hoc Honor Code Task Force of four students and four
faculty members to review certain aspects of the Honor Code and to prepare a report to be
presented at the Student-Faculty Conference in April 2009. The key issues to be addressed by
the task force included: the workload of the student members of the BoC; the timeliness in
handling complaints that are brought to the BoC; the turnover in the BoC membership and its
effects on the consistency in decision making; ensuring transparency and fairness of the
process; the education of students and faculty; and community confidence in the process.

At the 2009 Student-Faculty Conference, the task force proposed a series of changes to
improve the effectiveness of the BoC. The BoC often faces difficulty in finding enough
representatives to investigate an Honor Code violation, which may result in a delay in the
process. As a result, the task force recommended a significant increase in the number of BoC
representatives (from the previous 11 representatives to 20); this change would also have the
positive effect of reducing the work load of individual representatives. The task force
proposed a required training session for all BoC members, which would be open to the
community; the training session would educate new representatives, encourage discussion
about the BoC among its members, develop a consistent approach to decision making, and
provide BoC representatives an opportunity to discuss past decisions. In addition, the task
force proposed that two “advocate” representatives be assigned to each case to represent the
interests of the community and the interests of the student accused of the Honor Code
violation. The task force also advocated for greater transparency and suggested that the BoC
publish case summaries that would provide general descriptions of the process without
compromising student confidentiality.

In the fall of 2009, undergraduates voted to approve: an increase in the number of
representatives to the BoC, a required training program, clarifications to the review and
appeals processes, and several changes designed to support a student facing the BoC
investigative process. Some of these changes have already been enacted; the changes in
membership will be implemented when new BoC representatives are chosen in the winter of
2010.

The CPR report outlined the processes used to educate students and faculty about the Honor
Code. Since that report, several additional mechanisms have been introduced to increase
awareness and understanding of the Honor Code and its supporting processes. At the time of
the CPR visit, we reported that we were following through with a recommendation from the
Faculty Board that each option or small division have a faculty member serve as an Honor
Code representative. After some discussion with the CUE, the undergraduate Deans Hall and
Green, and Vice Provost Hunt invited the undergraduate option representatives to serve in
this capacity; the option representatives were then invited to a lunch-time training session on
the Honor Code. The presentation included an overview of the BoC and the Conduct Review
Committee that investigates non-academic Honor Code and policy violations, and a
discussion of ways that faculty could support the Honor Code. Of the twenty-six option
representatives, thirteen were able to attend and all option representatives were sent the
supporting materials. The training session will be repeated in 2010.
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Incoming students are introduced to the Honor Code during the fall orientation week. This
year, the student presenters emphasized the application of the Honor Code to non-academic
as well as to academic matters. In an anonymous survey given a few days after the
presentation on the Honor Code, almost 100% of the new students said they understand how

the Honor Code applies to both academic situations and non-academic situations.

The Honor Code was also included in the training luncheon for freshman advisors and in the
revised Freshman Advising Handbook (see 2.5). In the presentation and documentation,
faculty members are reminded that, as advisors, their role is to provide advice and counsel to
the student.

This year, training for the RAs living in student housing also included a session on the Honor
Code. The student leaders and the undergraduate Deans leading the training reminded the
graduate student RAs about the Honor Code and their role in supporting and advising
students who are going through hearings for violations.

Dean Green and Professor Ingersoll are chairing a new committee to develop ways to
increase awareness among the student body of the application of the Honor Code to non-
academic situations. The committee is composed of three faculty members and three students
and is currently interviewing resident associates, current undergraduate leaders, and other
community members to explore additional ways to support non-academic applications of the
Honor Code. The committee has been meeting biweekly since October and will continue into
winter term. These efforts will be reported to the WASC team during their visit.

ESSAY 7. UNDERGRADUATE RESEARCH
(CFRs: 1.2.2.4,2.11,3.5.4.3)

Research is a central aspect of Caltech’s
undergraduate program. As described in the CPR
report, there are three main avenues for
undergraduate research: research during the
academic year for credit through a senior thesis or
for research organized with an individual faculty
member; work for pay during the summer or
academic year; or through Caltech’s Summer
Undergraduate Research Fellowship (SURF) Under the mentorship of Dr. Jack Roberts,
program. Approximately 75% of the undergraduate chemical engineering sophomore Misha
student body participate in SURF; approximately Imtiaz works on her SURE project

R0 .. . B ¢ h “Conformational Analysis of 3-Guanidino-
(1] partlclpate 1n Some 1orm OI researcn. propionic Acid.”
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The following section highlights some of the feedback from the alumni survey on
undergraduate research. This essay also addresses some of the issues raised by the WASC
visiting team during the CPR visit, along with the team’s recommendations. These
recommendations have framed much of the faculty and student discussions and actions over
the past year.

The alumni survey included several questions on undergraduate research. As shown in Figure
4, alumni who participated in undergraduate research indicated that to a “considerable
extent” or to a “very great extent” their undergraduate research experience increased their
understanding of the research process in their field; provided a connection with a Caltech
faculty member; influenced the direction of their academic and/or career path after
graduation; and improved their ability to integrate theory and practice. To a lesser extent,
they indicated that research helped to improve their communication skills.

For alumni who graduated between 2004 and 2008, 70% agreed that research was an
“integral part of my undergraduate education” with 19% disagreeing and 11% neither
agreeing nor disagreeing. This percentage is significantly larger than for alumni who
graduated 30 years prior (less than half of the alumni from the 1970s or 1980s agreed that
research was integral to their education).

Figure 4. Caltech Alumni Survey (1970-2008)

To what extent do you agree or disagree with the following
statements regarding your research experiences:

Increased my understanding of the research

processes in my field. 4.2

Provided a connection with a Caltech faculty

member. 4.1

Influenced the direction of my academic and/or

. 4.1
career path after graduation.

Improved my ability to integrate theory and
practice.

Improved my communication skills. 3.6

1 2 3 4 5

Mean
(1=Not at all; 2=To a slight extent; 3=To a moderate extent;
4=To a considerable extent; 5=To a very great extent)
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The visiting team wrote, “Caltech has exceptional undergraduate research programs and
opportunities, and the SURF endowment has been increased to make them more widely
available. This effort should be sustained.” In the 2009 SURF Annual Report, President
Chameau addressed the nation’s economic downturn and the ways in which Caltech’s
administration and faculty addressed concerns of its potential impact on undergraduate
research. Although the value of the SURF endowment and the Institute payout from the
endowment decreased, there was a strong commitment to maintaining summer research
opportunities at the same level as in previous years. President Chameau wrote, “Last fall, as
we began to evaluate how our income would be affected by these economic changes, the
campus leadership worked hard to ensure that the core of our academic and research
endeavors would remain strong. As a key component of undergraduate education, SURF was
certainly a priority. In December 2008, when the SURF application period opened, we took a
series of measures to quickly respond to potential funding problems. 1) The SURF director
provided weekly updates to the provost regarding the number of available research
opportunities. 2) The division chairs and the provost urged faculty not to shy away from
making summer commitments to undergraduates. 3) With the support of JPL Director
Charles Elachi, additional research opportunities were made available at JPL. 4) Guided by
our Business and Finance team, we did our best to protect programs that provided
undergraduate aid and support.”

The result of these efforts was that nearly 50 more Caltech students than the year before
participated in undergraduate research through SURF. More students than in prior years
applied and were admitted into the program and faculty financial contributions to the

program increased substantially. Although Caltech’s comprehensive fundraising campaign
closed, there are continued efforts to increase SURF support. In 2009, five newly sponsored
SURF endowments were established. Several offices within Caltech’s development office
have highlighted SURF in their print or on-line materials to keep SURF in the mind of

potential donors.

The visiting team recommended that the research programs would benefit from a “uniform
faculty commitment to, and an understanding of, the programs and educational objectives of
students’ research experiences.” For over thirty years, Caltech faculty has demonstrated a
strong support of undergraduate research. Of the current professorial faculty, 86% have
mentored an undergraduate student through SURF during their tenure at Caltech, and 77%
have participated as a mentor in the past five years. Additionally, Caltech maintains a course-
free summer term to allow students the opportunity to engage fully in research. In addition,
Caltech faculty members provide a significant financial investment to support undergraduate
research, indicating a high level of commitment to the undergraduate research enterprise.

On-going efforts help introduce new faculty to undergraduate research at the Institute. Each
fall, the Director of Student-Faculty Programs meets with new faculty to introduce them to
SURF and other summer undergraduate research programs. New faculty are informed that
through campus fundraising, financial support is offered to junior faculty for several years so
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that they can sponsor SURF students while they are applying and waiting for grant support.
These features are also mentioned during the orientation lunches for new faculty.

In 2008 Caltech faculty identified and established a set of student learning outcomes related
to participation in undergraduate research. These learning outcomes include developing a
research question, applying basic principles and knowledge to the question, and collecting
and interpreting data. While there was campus-wide discussion about these outcomes, more
work needs to be done in helping faculty and students understand the outcomes and how to
support and measure successful progress. Starting within the SURF program, the following
strategies are either now in place or will be implemented during the 2010 summer application
process:

* Incorporate learning outcomes in the Freshman Advising Handbook;

= Qutline the learning outcomes in the faculty call for announcements of opportunity
(AQO). Each fall, faculty are invited to post AOs that inform students of summer
research opportunities available in their groups. The new call for AOs reinforces the
student learning outcomes associated with undergraduate research;

* Include the learning outcomes in student pre-application and acceptance materials.
The SURF website serves as a hub of information where students learn about the
program. This addition will provide students with a better understanding of the
outcomes of the program before they even apply. Additionally, all students must sign
an acceptance form when offered a SURF placement. This acceptance form outlines
both what is expected from the students and what the students can expect from the
program;

= Send a letter to all faculty mentors and co-mentors highlighting the learning
outcomes and offering ways in which they can support students’ development in
these areas;

= Include the learning outcomes in training for co-mentors (graduate students,
postdoctoral scholars, and research scientists who work with SURF students);

= Incorporate the learning outcomes in student information sessions.

Caltech faculty play an integral role in assessing the quality, rigor, and outcomes associated
with undergraduate research efforts. In the SURF program, assessment efforts are embedded
throughout the experience. Students work with potential faculty mentors to write a research
proposal. Faculty mentors assess a student’s application and proposal package based on
established criteria and potential outcomes. After submission, each application and proposal
package is reviewed by an independent faculty member and recommendations for funding are
made. During the 10-week summer period, the SURF students work with mentors or co-
mentors to write two progress reports, an abstract, and a final technical report. At the
conclusion, students give a final oral or poster presentation. Each interaction provides a
chance for feedback, review, assessment, and, if needed, course correction.

Over the past year, we have focused on strengthening and/or developing a set of rubrics that
faculty can use during these critical assessment junctures. These rubrics have been
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incorporated into the proposal review process, the mentor recommendation process, the
judging guidelines for both the final oral and poster presentations, and the final paper review.

As SURF mentor Dr. Terry Cole once said, “Science not communicated is essentially science
not done.” This adage has been at the core of the SURF communications program. Although
not shown in Figure 4, the percentage of alumni who agree that their research experience has
improved their communication skills has increased over the years. In fact, recent graduates
with research experience are almost twice as likely as are those with no research experience
to report that Caltech prepared them to communicate well orally. Furthermore, 25% of the
2008 graduating class single- or co-authored a manuscript in a peer-reviewed journal, and
28% presented a talk or a poster at a professional conference. SURF provides several
opportunities for students to practice, enhance, and be recognized for effective
communication skills.

As indicated earlier, SURF students are required to write two progress reports, an abstract
and a final technical paper, and give a final oral presentation. Collectively, these
requirements help students develop their communication skills over the period of their
project. Students are given strong guidelines to successfully complete each requirement;
faculty mentor feedback and ultimate approval is required.

Through SURF, there are several prizes that provide incentives and recognition for students
who effectively communicate their science. The Perpall Speaking Competition was created in
1993 as an incentive for Caltech students to give excellent oral presentations. Students who
present their research at SURF Seminar Day are automatically eligible for the competition.
Students are made well aware of the judging criteria used to evaluate the presentations. Each
year, thirty to forty students advance to a semi-final round of the competition; six to eight
students advance to a final round of talks. The Gee Family Poster Prize was introduced in
2009 as an incentive to encourage and support excellence in effective scientific
communication. The judging is focused on the excellence of the poster presentation, and not
on the significance of the research results. Students are strongly encouraged to learn how to
present highly technical information to a general, yet educated, audience. Posters are judged
on content, visual organization, and verbal presentation. The third prize, the Gordon McClure
Memorial Prize for Communication Skills, is also new this year and was established to
recognize one rising sophomore, junior, and senior who have demonstrated strong written
and/or oral communication skills, starting with their summer research and progressing over
the course of the year.

This past summer, one of the science writing courses (E 11) was offered to students
participating in SURF. This summer course option was popular with students and helped to
improve their writing skills as they performed their research.
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In Spring 2009, the Academic Policies Committee, led by Professor Paul Bellan, looked into
the number of students completing a senior thesis. Almost all of the seniors completing a
thesis for their primary option were in EE, ChE, APh, GPS, Ch, Ph, ME, and Ma. All
students with a double major in philosophy completed a thesis and 60% of students with a
double major in English completed a senior thesis.

During the 2009 Student-Faculty Conference, the ARC also provided suggestions on how to
better encourage students to do a senior thesis. These suggestions include the presentation of
an award at graduation for the best senior theses, recognition on the diploma of anyone who
completed a senior thesis, emphasizing the advantages of senior theses in the Caltech catalog,
and having senior theses fulfill the scientific writing requirement. Although there has not
been any action on these recommendations yet, the CUE will be following up on the
recommendations over this academic year.

This year the SURF Administrative Committee discussed ways to better support students
who wish to engage in research activities during the academic year. In November 2009, the
Administrative Committee also met with members of the CCTF to discuss ways to
incorporate undergraduate research into the core curriculum.

In summary, undergraduate research provides students with a unique learning environment
that engages them in state-of-the-art research questions and provides them opportunities to
interact with Caltech faculty, graduate students, postdoctoral scholars, and scientists. The
Caltech faculty recognizes the value of the research experience; however, the challenge
remains in providing opportunities during the academic year.

ESSAY 8. CALTECH’S FUTURE DIRECTIONS IN EDUCATIONAL
EFFECTIVENESS

Caltech’s educational mission is to provide students an outstanding education in a research
environment that prepares them for leadership positions, especially in science, engineering,
technology, medicine, business, and academia. To this end, Caltech maintains review
processes that help to ensure the quality and effectiveness of our educational programs. This
essay provides a summary of these efforts in the context of the WASC standards and presents
an overview of ongoing and future directions.

The WASC EER process requires that Caltech, as well as other universities in the western
region, provide evidence of the educational achievement of our students, evidence and
actions taken to improve student performance, and the results of our review processes. Using
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the four WASC standards, we provide a short summary of these measures as presented in the
first seven essays of this report.

Standard 1: Defining institutional purpose and ensuring educational objectives. Essay 2
presents an overview of Caltech and the actions taken since the CPR visit, including the
establishment of a new undergraduate advising program; support for teaching and learning
through the Innovation in Education Fund, TA training, and student feedback systems;
support for student mental health and well being; and efforts to ensure the admission and
retention of women and underrepresented students. The three themes for this review, the core
curriculum, the Honor Code, and undergraduate research programs, are aligned with the
mission of Caltech.

Standard 2: Achieving educational objectives through core functions. In Essay 3, we outline
the assessment processes used at the institutional, program, and course level, including the
visiting committees, the Student-Faculty Conferences, student and alumni feedback,
evaluation and placement of incoming students, and accreditation through ABET, Inc. In
Essay 4, we present specific examples of the review processes and subsequent changes for
several academic programs (ME, CS, Bi, and ChE); in addition, we describe the process to
initiate a new cross-disciplinary program in BE. In Essay 5.3-4, we describe the evaluation
and evolution of several courses within the core curriculum including the introductory
biology course, the tracks within the physics curriculum, the required chemistry laboratory,
the menu courses, and the science writing and communication courses. In Essay 6 we
describe the on-going review of the Honor Code. Essay 7.3 and 7.4 presents our efforts in
reviewing the processes associated with undergraduate research.

Standard 3: Developing and applying resources and organizational structure to assure
sustainability. Caltech is committed to its educational program and support for students, even
in the current economic climate as described in Essay 2.3 and Essay 7.2. Caltech engages its
faculty and other stakeholders in decision-making processes through its organizational
structure and systems for input and feedback.

Standard 4: Creating an organization committed to learning and improvement. Caltech uses
the committees of the Faculty Board including the Core Curriculum Task Force (Essay 5.6),
administrative committees such as the CUE, and ad hoc committees like the Aims and Needs
Committee (Essay 2.2) to review, plan, and assess our research and educational programs.
The work of these committees is supported by data from surveys, student feedback, and
faculty assessment of student learning. Essays 5.7, 6.4, and 7.3 also describe the continuing
processes of evaluation associated with the core curriculum, the Honor Code, and
undergraduate research.

The preparation for the CPR and the EER reviews has been informative and our efforts have
resulted in positive changes and improvements within Caltech’s educational programs.

Through this process we articulated the institution-level learning outcomes for our students.
These outcomes are consistent with Caltech’s educational mission and capture our emphasis
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on skills associated with analysis, problem solving, synthesis, and the investigation and
communication of ideas. These skills are developed through the core curriculum, through
coursework within the options, and through research experiences. With Caltech’s long
history of an Honor Code, we also hope to develop graduates who demonstrate integrity,
personal and professional responsibility, and respect for others.

Through this process, we also recognize that there remain areas for improvement. The exit
and alumni surveys show that our alumni do not feel that they sufficiently developed their
skills in writing and oral communication. As described in Essay 5.7, the humanities faculty
have been discussing the writing-intensive courses required within the core. Through the core
curriculum discussion and through CUE, there will be ongoing discussions on the importance
of effective communication and methods by which we communicate this importance to our
students.

As described in Essay 5, the process of reviewing the core will be ongoing, and any changes
will probably take several years to implement. However, the faculty is committed to
improving the quality of student education and the experience within the core curriculum; the
faculty are also interested in including opportunities for research within the academic year.

Caltech strives to educate students to become leaders. Leadership requires a combination of
skills, including communication, teamwork, integrity, and respect for others. Relative to
science and engineering graduates at peer institutions, a smaller fraction of our graduates
responded that Caltech prepared them for becoming an effective leader. In addition, 70% of
our alumni indicated that Caltech should increase its emphasis on “teaching leadership
skills.” Because leadership development combines several of the areas of current emphasis
(writing, oral communication, and non-academic aspects of the Honor Code), leadership
development might be a fruitful area for investigation in the future.

Much of the CPR and EER reviews focused on our undergraduate students. Graduate
education was one of the areas of review in the 1998 WASC review. With more graduate
students than undergraduates, Caltech may also want to explore issues (including
communication skills and the Honor Code) that are of importance across the graduate
program.

This review process has included student and alumni data collected from surveys and from
other sources, such as student enrollment numbers and graduation statistics. The CUE has a
broad charge and provides a forum for analyzing and discussing undergraduate issues,
oversight on teaching, and improving the quality of the educational programs for
undergraduates. Although not currently part of CUE’s charge, this committee will also be
responsible for coordinating, reviewing, and disseminating data associated with student and
alumni surveys on the quality and effectiveness of Caltech’s undergraduate programs.

In conclusion, this review process has allowed us to examine our educational and co-
curricular programs, our objectives for student learning, and our ability to reach these
objectives. As we move forward, we will use this review to sustain and enhance Caltech’s
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excellence in educating and preparing outstanding students for the range of complex and
interdisciplinary challenges that they may meet in their future careers.

Caltech Commencement Address
Secretary of Energy, Dr. Steven Chu
June 12, 2009

To the Class of 2009, let me congratulate you on your achievement.

You should be proud of the fact that you survived many shocks and are here
today. The first shock might have been the discovery your freshman year that
you are not alone: child prodigies are everywhere...

You should also be proud that you now have one of the finest liberal arts
educations possible. “How does my Caltech training qualify as a liberal arts
education?” you may well ask. The goal of a liberal arts education is to teach
you how to think rigorously and critically, and to give you the tools to teach
yourself. Your quantitative and intellectually demanding training will allow
you to venture wherever your curiosity will take you.

Finally, you should be proud to be graduating from an institution where
nerds are welcomed. ... You might think, “If a person is athletic, socially
graceful, and has broad interests, then they are not nerds.” Perhaps so, but I
want to celebrate people of intelligence, focus, and technical achievement.
The ability to understand details does not mean that you are incapable of
forming deep insights. In your future life, it is important that you develop
broad interests to help you see the forest as well as the trees. It is also
important that you cherish your skill to understand something deeply. ...

Graduates of the class of 2009, you have an extraordinary role to play in our
future. As you enter the next phase in your life, you will no doubt follow your
intellectual passions. ... I hope you will develop the passion and the voice to
help the world in ways both large and small. Nothing will give you greater
satisfaction.

Please accept my warmest congratulations. May you live long and prosper.
May the Force be with you. May you help save our planet for your children
and for all the future children of the world.
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APPENDIX 1: CORE CURRICULUM DATA PORTFOLIO

(files available online at http://accreditation.caltech.edu/wasceer)

Bi 1: The Biology and Biophysics of Viruses

Bi 1 Syllabus
Bi 1 Course assessment
Bi 1 2009 Ombuds meeting notes
Examples of coursework:
Bi 1 Finals
Bi 1 Midterms
Bi 1 Problem set #1
Bi 1 Problem set #2
Bi 1 Problem set #3
Bi 1 Problem set #4
Bi 1 Problem set #5
Bi 1 Problem set #6
Bi 1 Problem set #7
Bi 1 Problem set #8
Bi 1x: The Great Ideas of Biology
Bi 1x Syllabus
Bi 1x Course assessment
Bi 1x Grading rubric
The Tech article: A New Spin on Bi 1
Examples of coursework:

Bi 1x Final portfolio #1
Bi 1x Final portfolio #2
Bi 1x Problem set #1
Bi 1x Problem set #2

Ch 1a: General Chemistry
Ch 1a Syllabus
Ch 1a Course assessment
Ch 3a: Fundamental Techniques of Experimental Chemistry
Ch 3a Syllabus
Ch 3a Fall 2009 midterm survey
Ch 3a The Tech article: Ch 3a Sees a Makeover
Ch 3x: Fundamental Techniques of Experimental Chemistry
Ch 3x Syllabus
Ch 3x Course assessment
Ch 3x Survey results
Ch 3x The Tech article: New Introductory Chem Lab an Alternative to Ch 3a Requirement
Example of coursework:
Ch 3x Lab notes
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Science Writing
Bi 24: Technical Communication for Biologists
Bi 24 Syllabus
Bi 24 Course assessment
E11: Written Technical Communication in Engineering and Applied Science
E 11 Syllabus
E 11 Course assessment
En 84: Writing Science
En 84 Syllabus
En 84 Course assessment
Ge 13: Scientific Writing in Geology
Ge 13 Syllabus
Ge 13 Course assessment:

Menu Courses:

Ay 1: The Evolving Universe
Ay 1 Syllabus
Ay 1 Course assessment
Examples of coursework:

Ay 1 Paper #1
Ay 1 Paper #2

Ch/APh 2: Introduction to Energy Sciences
Ch/APh 2 Syllabus
Ch/APh 2 Course assessment
Examples of coursework:

Ch/APh 2 United Nations Mock Debate
Ch/APh 2 Problem set #3

ESE 1: Introduction to Environmental Science and Engineering
ESE 1 Syllabus
ESE 1 Course assessment
ESE 1 Grading policy
Examples of coursework:
ESE 1 Homework #1
ESE 1 Homework #2
Ge 1: Earth and Environment
Ge 1 Syllabus
Ge 1 Course assessment
Examples of coursework:

Ge 1 Field report #1
Ge 1 Field report #2
Ge 1 Homework #1
Ge 1 Homework #2
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IST 4: Information and Logic
IST 4 Course assessment
Examples of coursework:

IST 4 Problem set #2
IST 4 Problem set #4
IST 4 Problem set #5
IST 4 Problem set #6
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Visiting Committee Reports and Briefing Books®
Excerpts from Visiting Committee reports

BIO May 16-18, 2006

EAS October 30 — November 1, 2007
CCE January 25-27, 2006

PMA January 31 — February 2, 2007
GPS March 30 — April 1, 2005

HSS October 6-8, 2005

*Available to WASC team during the March 2010 visit.
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APPENDIX 3: REQUIRED DATA TABLES

(files available online at http://accreditation.caltech.edu/wasceer)

Appendix 3: Required Data Tables

Summary Data
Table 7.1: Inventory of Educational Effectiveness
Table 8.1: Summary of Concurrent Accreditation

8.1.1 Bachelor of Science Placement Data
8.1.2 ABET Reaccreditation Letter 2008
8.1.3 ABET Accreditation Report
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