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Introduction: 


Since undergraduate research is one of the central, distinctive features of the Caltech undergraduate experience, it is one of the main topics under discussion during the Student Faculty Conference held biannually in spring.  


In addition to the SFC Undergraduate Research Committee, other institute committees have recently focused on undergraduate research, and their questions and findings form an important foundation for our work.  In particular, in preparation for its decennial accreditation review by the Western Association of Schools and Colleges (WASC), Caltech chose three themes to study particularly closely, both to analyze how well we are doing and how we could improve.  These areas are undergraduate education, the honor code, and undergraduate research.  The subcommittee charged with developing an agenda for undergraduate research under this program proposed areas for analysis and improvement which guided the efforts of this SFC Committee, though it is not formally related to the WASC accreditation review. 


The first main question put forth by the WASC subcommittee was whether Caltech fully takes advantage of its 1:1 ratio of undergraduates to Ph.D.-holding scholars with regards to undergraduate research.  This ratio initially suggests that any undergraduate wishing to conduct research could find an expert mentor for a research project.  However, some professors' experience suggests that not all students interested in the most popular majors — such as engineering — can find an ideal research project, as opposed to employment doing programming or data analysis according to a set procedure.  Thus, one of our primary questions is whether Caltech indeed makes it possible for interested students to get involved in original research in their fields of interests as early as they would like in their careers. 


The second main question is whether undergraduate research experiences help students become engaged in the scholarly community in a broader sense, and whether students feel that they become more curious, creative, and successful as a result of their research experiences.  There is no question that the very best Caltech research experiences set students on the path to being world-class research scientists who can produce an original and promising research agenda. However it is not known what fraction of undergraduate researchers have such a good experience. The extent to which students feel they are able to develop their originality in programs like SURF is an important component in evaluating how successful these programs are, and was a key component of our discussions. 

Issues addressed by the Committee:


Undergraduate research at Caltech, as discussed frequently in committee meetings, plays an integral role in the lives of Caltech undergraduates and often entices prospective students to join the Caltech community as incoming freshmen.  Despite the draw of an undergraduate research experience, research at Caltech is not often as easy for undergraduates to seek out and undertake as the given student-to-faculty ratio would imply.  During the meetings of the SFC Undergraduate Research Committee, we discussed several problems facing undergraduates interested in pursuing research opportunities while at Caltech.


The first of those problems concerning research-oriented undergraduates is the prospect of finding a potential mentor. With the low undergraduate-PhD scholar(1:1) and student-faculty(3:1) ratios at Caltech, as compared to that of other institutions of higher learning, and with Caltech’s reputation as a leading scientific research university, it seems that students should have little difficulty in finding and making contact with a research mentor.  For students interested in research opportunities during the summer, professors can post descriptions of opportunities on the SURF website.  However, not all professors take advantage of this system, and others make decisions about which students to accept into their labs very early on in the SURF process, and neglect to remove their announcements of opportunity.  Freshmen and sophomores may be at an additional disadvantage in finding a research mentor, as the majority of their coursework at this point in their academic careers comes from the core curriculum.  Therefore, they may not be exposed early on to professors conducting research in the student’s area of interest.  During our meetings, we also discussed the effectiveness of courses within departments that try to introduce students to faculty research.


Once a student finds a mentor for a research experience, that student might have difficulty communicating his/her goals to that mentor.  A student’s and a mentor’s expectations of the research experience may differ.  Possible expectations can include, but are not limited to: publication in a peer-reviewed journal, exposure to a particular research method, introduction to laboratory science, and experience before application to graduate school.  If the expectations of the student and mentor are not accurately communicated or understood, both sides of the partnership will suffer.


During the course of the committee meetings, we also discussed the availability of undergraduate research opportunities during the academic year.  During the initial committee meetings, our impression was that far fewer students undertook research during the academic year than undertook summer research projects.  This was at that time not based on statistical figures or surveys but rather on the committee’s perceptions about the undergraduate body.  We were concerned whether this difference might be due to a lack of opportunities, inflexibility of academic schedules to accommodate research time, or simply the desire of students to relegate their research efforts to a time of the summer months.  We were also concerned with the effect of research during the academic year on overall academic performance and social life.  Research is a time-consuming activity, which could draw time away from coursework and social pursuits.  Another concern with research during the academic year is that research courses lack policies which dictate how time and effort spent corresponds to units earned.

Undergraduate Survey and Results:


To assess these primary issues, we designed a survey for the Caltech undergraduate population.  The first goal of the survey was to gather data concerning the percentage of respondents who participate in research during their Caltech careers: either during the summer or during the academic year. The survey also sought to ascertain how those research participants learned about potential research opportunities, and how their experiences matched up with their initial expectations.  We also sought to gather information about how students decided to undertake research projects during the academic year, and how such experiences affected their academic and social lives.  

The survey also prompted students to include suggestions about ways the committee could improve research experiences for future students.  The results helped us to narrow the areas within undergraduate research that we needed to focus on, and improve upon stronger areas.


A total of 361 Caltech undergraduates participated in the survey and the following percentages are related to this same number. 


The first problem addressed by the survey was the lack of interaction among professors and students.  According to the survey, only 1.32% of responders took advantage of the option tea by the MOSH and an even fewer took advantage of the option tea by department.  This shows that these opportunities for interaction do not completely match their goals and need improvement.


Moreover, students who do work on research projects were found to rarely meet with their research mentors.  Only about 27.52% of students meet more than once in two weeks with their respective research faculty or mentor.  Alleviating this lack of interactions would create a better research environment in which students would interact and gain useful laboratory/working knowledge from their mentor in addition to their first-hand experiences on the project itself.  


Students also expressed their frustration of undertaking both research projects and Caltech-average load of classes.  Lower GPA, fewer extracurricular activities, less social life were just some consequences of doing research at Caltech.  In the free response sections of the survey, students suggested substituting courses and fulfilling thesis requirements with research and receiving grades for research to encourage participation.  The number of research units would be something that each student would have to work out with his/her mentor. 


While the survey revealed problems to concentrate on, it also showed positive results.  Many students who had taken on research projects enjoyed their experiences and felt that they significantly contributed to their projects as opposed to just serving as assistants.  35% of the responders felt that the research they performed was meaningful, while close to 50% thought that their research project was interesting.  Additionally, 42.59% felt that they had been  respected and treated as a contributor to the group by others in the lab.  38% took over primary responsibilities of their own projects and only about 1 in 10 people felt they were just serving as assistants.  Despite most students thinking that research during the academic year decreased their GPA, led to participation in fewer extracurricular activities and deterioration of social life, students claimed that their research experiences improved their general well-being.

About 80 of the 270 faculty at Caltech responded to the faculty survey. 67% of respondents stated their willingness to mentor academic year research, showing that students have ample opportunities to find mentors during the academic year.  While 80% believed contribution of research to student’s overall undergraduate experience is very important, some believed that a senior thesis shouldn’t be necessary since students can get better experiences publishing papers from their research instead of writing a thesis.  For research substitution for classes, the faculty survey respondents agreed that general lab courses, not specific to a major, can be substituted without lowering the quality of education for undergraduates.  


The main issue apparent from these two surveys is the level of time commitment to a lab during the regular school year.  Students have raised the issue that time commitment can be a heavy burden, but the faculty felt that students are simply not planning out their schedules well enough to accommodate lab hours.  The faculty survey respondents expressed the opinion that students are currently underestimating the value of doing research and they should be have the same level of commitment to labs as they do to each of their courses.     While the solution to this problem is not completely clear, it does seem appropriate for students to set aside a few quarters in their career at Caltech commit to research in addition to classes.  However, it is necessary for the faculty to recognize the effect of graduation requirements on the students’ enthusiasm and time commitment towards research.

Short Term Proposals:


Drawing on results of the undergraduate survey and discussions among student and faculty committee members, the committee would like to recommend to the SFC some short term goals to focus on in the near future to improve undergraduate research at Caltech. These are two-fold and include: 

1. Increasing students’ awareness of research opportunities 


Comments from students who replied to the survey indicated that a significant proportion of students feel research opportunities are not adequately advertised. One immediate action the committee feels may be taken to improve the situation is to create a website where mentors may list academic year research opportunities, similar to the SURF site that advertises summer opportunities. 


However, the committee believes that most students who are successful in finding research seek out their own opportunities.  Therefore, the committee believes that, in addition to advertising research opportunities, students should be given greater guidance as to how to seek out and approach potential projects and mentors.  One goal, which the committee feels can be implemented this year, is to have a few professors attend Freshman Orientation Camp and speak about research opportunities at Caltech and how to approach professors.  Additionally, the committee recommends that an Undergraduate Research Opportunities Handbook be re-composed, which may guide and give advice to students who are interested in academic year work.  To supplement the Undergraduate Research Opptorunities Handbook, the Caltech Catalog could be revised to include information about research opportunities, such as descriptions of the SURF program, independent research courses offered during the academic year, and funding opportunities for academic year independent research.

2. Increasing faculty-student interaction 


The committee believes that strengthening the relationship between the faculty and undergraduates is a key step towards strengthening the undergraduate research program. For example, results of the undergraduate survey indicate that 28% of students performing research spoke to their faculty mentor once a month or less often. When asked if they were satisfied with the amount of interaction they had with their faculty mentor, approximately 27% of survey responders replied they felt they had too little interaction.


While changing the relationship between the faculty and undergraduates of Caltech is overall a long term process, the committee feels some immediate changes may be made to increase faculty-student interactions. The committee feels that option teas have the potential to be successful at fostering relations between students and professors if they are well attended by the department’s faculty. The committee therefore recommends working with the MOSH and department executive officers on how to best increase faculty attendance. Another possibility may be to have some Undergraduates-only Option Teas at the department which are otherwise open to undergraduates as well as graduates and might be somewhat intimidating for the former, particularly freshmen. Student-faculty interaction may also be increased by advertising and making more use of Caltech’s ‘Take a Professor to Lunch’ program and inviting professors for house dinners. Raising students’ awareness of these programs through advertisement in The Tech or through the IHC may increase their use. 

Long Term Proposals:


The main reasons for students’ inabilities to participate in research during the academic year are a lack of time due to heavy, and difficult, course loads, lack of opportunities, and decreased awareness of those opportunities.  To address these concerns, this committee suggest several long term goals that Caltech can seek to address to alleviate these problems and improve the undergraduate research experience at Caltech.

1. Substitution of Required Lab Courses with Research


The lack of time presents a major obstacle to students, who must overcome it in order to become involved in a research project.  This impedance could be significantly lessened by allowing research to be substituted for specific option lab requirements.  Interestingly, the only option that mandates undergraduate research is the humanities, which raises questions about how accommodating other options’ graduation requirements can be for students wishing to undertake a research, or even a senior thesis project.  Although faculty are unlikely to allow the substitution of research for specific required labs, it is possible that if an option has a requirement for a certain number of elective advanced labs, then independent research under the supervision of a faculty mentor may be substituted for one of those elective lab courses.  This is already the policy in at least the biology, chemistry, and geology departments, and could be expanded to other majors as well.  

During the Student-Faculty Conference discussion, several professors expressed their doubts as to the effectiveness of substituting lab courses for independent research projects.  The primary concern was that the courses provide useful learning experiences that might not always be duplicated during an independent research project.  However, the majority view of faculty members towards undergraduate research was extremely positive, and many faculty members felt that research plays a crucial role in the development of young scientific minds at Caltech.

2. Contribution of Research to a Senior Thesis


In general, several other leading research universities appear to be more accommodating of student research interests than Caltech and some even go so far as to require senior theses for graduation.  Caltech, with its low student to faculty ratio, should have the potential to perform at such a high level, but perhaps doesn’t harvest and develop the research potential as it should.  To encourage research throughout a Caltech student’s career, research performed in the junior or even late sophomore year could be allowed to contribute to a senior thesis project. 

Revision of the core curriculum to decrease excessive requirements in subjects not relevant to the student’s major would further allow more time for research, often a much more important learning experience than certain required classes.  To take these ideas to the extreme, one could envision a time when Caltech students are required to complete a senior thesis project in order to graduate.  However, this solution would certainly require a lengthy overhaul of the core curriculum and current option graduation requirements, and is not recommended at this time. 

3. Offering research on grades

Ideally, decreases in GPA suffered due to allotting study hours to research could be offset by offering grades for research done for credit.  However, the committee recognizes that research success is difficult to measure; to measure it would entail a subjective process that assesses a student’s abilities, rather than results, as even the most brilliant research scientists to not achieve results all the time.  Given the current level of interaction between students and research mentors, offering research credits for grades does not seem like a possibility, as monitoring the student’s progress would require significant hours spent on the part of the mentor.  However, the committee hopes that increasing student-faculty interaction through regular meetings between the mentor and student to discuss progress could allow the possibility of imposing a standardized grading process.  These changes would ensure that time spent during research contributes to the undergraduate degree.  

4. Establishing a Freshman Research Fund

The lack of opportunities stems partly from professors’ reluctance to take on students with less experience.  To both encourage freshman to seek out research opportunities, and to entice faculty to take on first year students in their labs, the committee recommends the raising of funds for research during the freshman year.  During this time, the labs involved would not have to be financially responsible for the student’s success, and the student would learn how to budget his or her own reagents and experiments.  Following the freshman year, faculty would then have to bear the burden of a student research assistant, but one who was already well trained.  To fund this venture, a portion of the students’ tuition could be allotted to this stipend in much the same way that their tuition pays for the materials used in introductory lab courses such as Chem 3a.

This suggestion does raise some concerns, however.  First, we have to ascertain whether freshmen seeking research opportunities are even across the board in terms of option of study.  In some of the more popular options, even stipends for freshman year research may not be able to accommodate all research requests.  To solve this dilemma, increasing introductory, but independent, research courses might help.  Students working together on a project might even aim for publication in a peer-reviewed journal.  This proposal would require the development of sufficient lab space, as well as the recruitment of a number of faculty mentors.

5. Continued advertising of research opportunities 

 
The process of advertising research opportunities should be continued in the long run. Although it is a short term goal to increase the level of awareness through internet sources similar to the SURF “Announcements of Opportunity” website, it is a long term goal to increase the number of both faculty and students using this service.  Increasing the advertisement of this service as stated in short term goals will eventually result in more faculty posting opportunities.  Continuing to emphasize to faculty the importance of this service will ensure that their opportunities are consistently updated, which is necessary for the service to be useful to undergraduate research. 

Finally we need to gradually build a culture as part of which faculty-student interactions occur much more frequently that at present. Various opportunities for these interactions are already provided, such as the ASCIT student-faculty lunches, the invitation of faculty to house dinners, MOSH option teas and department social hours etc. In the long run, expanding the acceptability of such interactions would increase research opportunities by facilitating the process of finding a research mentor.

�This paragraph focuses on the long-term part of the awareness issue.  It also allows our report to flow a little better.





