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THE PROGRAM

The Computer Science (and Engineering) department of Washington University in St. Louis ran a Summer Undergraduate Research Assistantship (SURA) Program between 1986 and 1997.  During half of those years the program was supported as an NSF-funded Research Experiences for Undergraduates (REU) Site between 1990-1993, and 1995-1996.  Washington University has continued its REU support with different emphasis and parameters, but this report focuses on the original program, directed by the author.

The program began with departmental funding in 1986 and supported one student.  In 1988, four students were supported, and in 1989, three students.  Initial successes were notable.  Will Gillett was the original director, and I suggested we expand the program, institutionalizing it with NSF support.

During the decade, 90 students were recorded as supported or partially supported in the program.  Using LinkedIn and Google searches of public information, we can locate evidence of 77 of those students online.  Data about these students has been compiled here to produce one of the longest outcomes efficacy studies for undergraduate research available.

Part of the reason this is possible is the significant advance in contemporary tools for finding former students, and disambiguating them from others with similar names.  Another reason is that successful computer science outcomes are currently well exposed to search engines.  A third reason is that computer science students in the mid-nineties have had such impressive success with such frequency that their records can be easy to find.

The birth years of these students range from approximately 1966 to 1978, so we are able to study careers that are well into their full stride, with outcomes 20-30 years after their summer apprenticeships.  Of course, we had most of them for only two and a half months, so credit (or blame) for outcomes must be allocated across many influences.  In our analysis, we keep this firmly in mind.

INPUTS AND OUTPUTS IN BRIEF

26 students were our own, from Washington University's undergraduates, though three of those 26 were transfer students.  18 students came from Ivy league institutions, with 13 from Harvard (one was in the process of transferring to Stanford).  Six students were from underrepresented minority ethnicity or race groups, and one student was disabled.  27 were women, 63 men.

Some of the clearest successful outcomes:

. Professors of CS at USC (also Maryland and Columbia), Colorado State (also USC), and another at USC, Texas-Austin, U Tokyo, Transylvania, and WPI

. Professors of Medicine at Yale and Duke, a Professor of Physics at Northwestern, and a Professor of History and Technology at Rice

. the author of the google search engine at Stanford (backrub) and a founder of several successful tech start-ups of his own (eGroups, Alexa, Willow Garage)

. 7 more engineers at Google, including the Vice President of Engineering/Payments who is the second women engineer from our site who does prominent recruiting videos for the company

. 19 students with a paper cited at least 100x, according to scholar.google.com, with 7 students cited at least 500x, 11 students with a paper cited at least 100x as lead author, and 3 students with a paper cited at least 100x as solo author

. 42 students with a paper cited at least 3x

. 8 students, at least, with a cited patent (a few students with multiple patents)

. 17 students with a PhD, 14 students with an MS, 4 more with graduate work, and others with the MBA, MFA, or M.Ed.

. graduate work completed at UCLA (3 PhD, 1 MD), Berkeley (2 MS, 2 PhD), Stanford (2 MS, 1 PhD), Cornell (2 PhD), MIT (1 MS, 1 PhD),  Yale (1 MS, 1 MD), Ga Tech, NYU, Duke, DePaul, Northeastern, Northwestern, Chicago, George Washington U, Washington U, Illinois, Arizona, Maryland, Minnesota, Missouri, CUNY, CMU, VPI, USC, and Harvard

. other prestigious placements at CalTech/JPL, MIT Lincoln Labs, Sandia Labs, and Microsoft; several owners of their own businesses, many financial analysts, and non-profit leaders

Of course, there are lots of ways to define success, and some are more interesting to the STEM-C program administrator than others.  Still, it is worth noting that we also found:

. evidence of some happy families on Facebook; one is graduating her son from high school this year

. evidence of early retirement and angel funding on the giving side (although no evidence of major philanthropy yet)

. 4 students in graphics/film-arts, with titles such as 300/MATRIX II/MATRIX III and MADAGASCAR/KUNGFU PANDA/BEE MOVIE/SHREK II to their imdb.com credits

. a Washington Post Beijing/China/SF bureau chief with dozens of cited news articles

. a VP of Information Analytics for Mastercard Worldwide

. a Board member of an elite private college

. a local politician in Portland

. a city prosecutor in St. Louis

. a literary agent and author/editor for NYC elite intelligentsia (e.g., Olver Sacks, Susan Sontag)

. a Berkeley Math PhD who co-authored a book on the Mathematics of Poker and has won over $1M playing professionally

. the subject of a TV program and NY Post article on “extreme cheapskates”

ANALYSIS

Some would say that that the most obvious measure of STEM-C success is the production of PhDs in CS.  8 males (13%) and 2 females (7%) met that standard.  Incidentally, 4 of those 8 male PhDs in CS, and 1 female PhD in CS, were produced on non-NSF funds.

However, this is quite a narrow, perhaps even narrow-minded measure.  Clearly a PhD in Physics, while supported as an NSF graduate fellow, must be a STEM-C success.  So too, an Industrial Software Engineering PhD.  A Berkeley PhD in mathematics must also be a STEM-C success, and even though the PhD is in history, the professor who writes on history and technology (not just history of technology), should arguably be included.  By this measure, 12 males (19%) and 3 females (11%) are PhD-level successes.

What follows is an analysis based on increasingly broader, possibly more insightful conceptions of what might be a successful outcome.

If we include any doctorate obtained (one JD worked on a legal database datamining, NLP, and citation-ranked search engine project, which must be considered a STEM-C success, especially since that project informed the digital libraries effort at Stanford in the mid-nineties that spun out google), 14 of 63 males (22%), and 6 of 27 females (22%) met this standard.

If we accept any graduate degree (including partial graduate work leading to a PhD, which we presume at least resulted in a Master's):  30 males (48%) and 7 females (26%), or 42% overall, met this standard.

If we take any publication cited at least 5x to be a success:  28 males (44%), and 12 females (44%) meet the standard.

If we define a “prestigious outcome” subjectively, to include upper management (including “Senior” in job title), terminal degree, patent or well-cited paper, or obvious outlandish financial success, 62% of males and 56% of females meet that standard.  But here, the 14% “undiscovered” outcomes must be considered.  Of those outcomes that are well enough known, 77% could be considered prestigious outcomes.  Some might argue that any prestigious outcome would be easily known, rather than remain unknown to us, but at least half of the 14% of undiscovered outcomes are because the student's name is very common (we literally have a J. Smith to find).

We will continue the analysis using these three different standards for success:  graduate work, publication cited more than 5x, and prestigious outcome.  

But before we leave the subject of overall success, the following order statistics are quite impressive.  The first column shows, in order, the 20 highest ranking student outcomes in terms of “number of citations for most highly cited paper, with this student as an author.”  So there is one student who has a paper, among many papers, that currently has 4841 citations according to scholar.google.com.  There is another student who has a paper, among many papers, that currently has 1058 citations.  And so forth.  The second column shows, in order, the best-citation numbers for the 20 faculty advisors highest-ranked by this measure.  These are current counts, not counts at the time of advising.  There were a total of 26 advisors of REU students in the decade we are studying.  So the students out-number the faculty 3.5:1, but of course the faculty have had on average about 3x longer to publish and be cited.  

With the exception of the “second board” as we might say in a team chess competition, the students sweep the advisors, winning 19-1.  If we remove one faculty paper with 8 authors, the score is 20-0.  If we remove all student and faculty papers with 8 or more authors, the score is again 19-1.  This is robust and considerable evidence of a successful STEM-C REU program.  Of course the student careers are more active, so the dominance will only grow with time.  There is a very real sense in which this supports the claim that the REU program produced a stronger faculty than the faculty that advised it (many faculty members did not advise REU students, so this claim cannot be made at a departmental level, especially as the department was evolving over this period; nevertheless, nearly all of the faculty with significant research activity advised REU students).
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However, if the faculty and students are listed in decreasing order using the number of citations of the best-cited publication (or patent) as lead-author (first-author), the situation is reversed, with a 14-6 score.  REU “wins” over the faculty appear only on the low-ranked “boards”.  It may be a generational shift that puts younger researchers on more co-authored works with high citation counts.  It may also be that our REU students prefer to work in teams, or do research in areas that tend to publish in groups.  Of course, a third hypothesis, a darker hypothesis, is that the REU experience produces dependent researchers who tend to take the lead less often.

RANK

REU
FACULTY

1.                      770     2115 

2.                      456     1040 

3.                      304     632 

4.                      288     430 

5.                      260     368 

6.                      221     312 

7.                      196     233 

8.                      135     211 

9.                      131     186 

10.                     124     181 

11.                     121     143 

12.                     82      118 

13.                     81      82 

14.                     79      60 
(REU wins)

15.                     56      58 

16.                     52      42 
(REU wins)

17.                     49      41 
(REU wins)

18.                     44      23 
(REU wins)

19.                     35      20 
(REU wins)

20.                     31      0 
(REU wins)

FURTHER ANALYSIS

Using the three measures of success (graduate-level work, non-trivial citation, prestigious outcome), how did the minority students do?  

First, we have not discovered the careers of our two Hispanic students (both have fairly common names), though one has a cited publication from the summer of her research experience.  Second, we had one true African-American student, two Ethiopian-born American students, and one Suriname-born American student, comprising the set of those who qualified as having STEM-C underrepresented racial background. 

All four (100%) of these “black” students had a prestigious outcome (two institutional board members, an MS in CS at MIT, an MS in CS at Stanford, an MS in CS at Minnesota, senior management, founders, and CEOs).  One (25%) had patents and cited publications, and all four (100%) had graduate work.

We had a large number of students from very good schools, especially if one counts the 28% from our own undergraduate program.

It would be less impressive if the program merely produced good outcomes because it started with students who had every educational advantage as inputs.  

If we count “prestigious inputs” as students from Ivy league colleges or MIT (there were no students sourced from CalTech or Stanford), we had 21% of 90 students as prestigious inputs.  Our prestigious outputs were 75% of the 77 discovered students.  Although 21% of students  came from prestigious schools, 13% of the known outcomes were placed into that same set of prestigious schools for graduate work.  But if we include prestigious programs, such as CMU's, UCLA's, and Berkeley's PhD, and Chicago's MBA, with some subjectivity (should we include both Maryland and Northwestern in CS?), 48% of the graduate placements were at prestigious programs.  That is an output rate that more than  doubles the input rate.




N

GRADWORK

CITED>=5

PRESTIGE-OUT

MALE


63

48%


44%


67-78%

FEMALE

27

30%


44%


59-70%

MINORITY/AFRO
4

100%


25%


100-100%

MINORITY/HISP
2

0%


50%


0-0%

PREST-IN

19

37%


63%


89-100%

We are reporting prestigious outcomes first with all students as denominator, and second with found/discovered students as denominator.  We prefer the latter for this measure (we know most of the graduate school entries and can find almost all of the citations, but prestigious outcome determination requires more knowledge, and is more probable than not).

How well did students do if they came from different kinds of colleges/universities? 

We divided the source institutions into five categories:  Ivy, private research university, elite four-year college, big state school, and other.  




N

GRADWORK

CITED>=5

PRESTIGE-OUT






IVY


18

33%


61%


89-100%

PRIV RES U

30

47%


43%


63-79%

ELITE 4YR

8

25%


38%


38-43%

BIGSTATE

14

57%


43%


71-91%
OTHER

20

40%


35%


30-32%

With the exception of elite four-year colleges, all schools fared reasonably well by at least one measure.  Ivy league students didn't pursue graduate work as frequently, but were best recognized in citations and other prestigious outcomes.  Students from unclassified schools didn't fare as well in citation and prestige, but did go to graduate school in good numbers.

Interestingly, students from big state schools did graduate work at the highest rates, and did very well with prestige outcomes too.  Our big state school sources included Berkeley, Illinois-Urbana, and UCLA, but three of our most outstanding outcomes (author of Google prototype, 4000x cited research professor, and tenured CS professor at Texas-Austin) came to us from Buffalo, Nebraska, and U Washington.  One must also be careful to distinguish the reputation of a large state school from the rates of notable placement among their numerous undergraduates.  So even our undergraduates from Berkeley should not be assumed to have a high prior probability of doing graduate work, just because Berkeley's STEM-C graduate programs are famous.

How well did students do, depending on the rank of the person advising them?  One might argue that full professors know what they are doing, or that associate professors are working on problems that are most forward-looking, which puts students on more promising long-term research paths armed with up-to-date research methods.




N

GRADWORK

CITED>=5%

PRESTIGE-OUT

SENIORP

34

56%


53%


62-72%

ASSOCIATEP
13

38%


62%


77-91%

ASSISTANTP

23

33%


42%


54-62%

NONREGULAR
20

32%


21%


53-63%

By all measures, the nonregular faculty did not have the results that the senior faculty achieved.  By two measures, the assistant professors were no better.  Graduate placement rates were monotonic down the faculty rank line.

The setting of the advising might make a difference.  Some students were advised as the only REU student, while others had to share advisors with other REU students.  Some students joined a large research team, while others were not surrounded by graduate students and/or postdocs.  Finally, some students were from Washington University and others were non-local.  Did any of this make a difference?




N

GRAD
WORK
CITED>=5%

PRESTIGE-OUT

ONLY REU

46

39%


41%


63-72%

ADVISOR SPLIT
44

45%


48%


66-78%

BIG LAB

28

50%


43%


57-70%

NOT BIG LAB
62

38%


45%


68-78%

WU-LOCAL

25

52%


48%


72-78%

NON-LOCAL

65

38%


40%


62-67%

PRIV RES U

30

47%


43%


63-79%

NON-WU PRU
5

20%


20%


20-50%

The big lab gradwork plus-12-point difference is perhaps interesting, though it is mitigated by a minus-11-point difference for prestigious outcomes.  The other splits for big lab or shared advisor are insignificant.  

The success rates with our own Wash U students was slightly better than the success rates for non-local students.  Although the sample of students from non-Ivy peer-institutions (private research universities) is small, the rates of success for these students was alarmingly lower than for all other categories.  One problem is that three of the five students have unknown outcomes.  So the data is even less useful than it appears.

We studied how well students performed based on the area in which they did their summer research.  Five areas were identified:  networking, medical informatics/libraries and gene mapping, artificial intelligence and natural language processing, algorithms and hardware design, and software.




N

GRADWORK

CITED>=5

PRESTIGE-OUT

NET


10

50%


30%


60-75%

MED


11

45%


45%


55-75%

AI


49

45%


43%


61-70%

ALG


7

43%


43%


57-80%

SOFT


13

23%


62%


62-80%

Except for networking and software students showing notable preferences for graduate work compared to rate of publication of a non-trivially cited work, there seems to be little evidence that one research area produced better results than any other area.

Finally, we studied the success measures for students who were supported on NSF site funds, and students who were supported on non-site funds (which may include the spending of remaining/leftover NSF funds in 1994 and 1997).




N

GRADWORK

CITED>=5

PRESTIGE-OUT

NSF


77

42%


42%


60-71%

non-NSF

13

31%


46%


62-89%

NSF funds permitted a larger number of students to participate and resulted in a larger rate of graduate work after completion of the undergraduate degree.  NSF funds permitted recruiting from prestigious institutions at a higher rate (22% vs. 15%), of women at a higher rate (32% vs. 15%), and of underrepresented minorities and disabled at a higher rate (9% vs. 0%).

EMPIRICAL CONCLUSIONS:  REVIEW AND COMMENTARY

The notable observations are as follows:

.  Except for a lower rate of graduate work, women did just as well as men in our program; we have no explanation for the lower rate of graduate work among women.

.  Minority students did very well, especially the students nominally identifiable as Afro-American students; three of these four students were Washington University (local) students, so the rate of risk on the input side was low.  It should also be noted that none completed a doctorate, even though Master's at MIT and Stanford CS are admirable outcomes.

.  There is thus no reason to suppose that women and minorities need special treatment or need to be held to different standards in REU programs.  However, if we had been asked to balance our demographic proportions, e.g., to have half women and half men, it may have been difficult to recruit from underrepresented groups in larger numbers in the mid-nineties.  The female outcomes are fairly bimodal, listing either spectacular STEM-C successes on one hand, or students who seem to have found other rewarding paths in life, on the other.

.  Although we recruited well, with 21% from prestigious schools, our output of 75% prestigious outcomes (among known outcomes) suggests some good effect; the rate of prestigious placement among Washington University CS A-students in the 90s is probably high, but probably not that high.  This, with the rank ordering of citations comparing REU students and faculty advisors, provides the clearest statistical evidence that the REU site is an effective career boost for STEM-C students.

.  We had a different effect on students from different kinds of institutions.  It seems that Ivy League students may have been disappointed by the life of a doctoral researcher, as a third (or more) of the Harvard students chose the financial sector, and two went into the arts.  A Brown and a Yale student appear to live off patent portfolios, and our Penn student is a VP at Google, without an advanced degree, as far as we can tell.  Ivy league students had impact on the field, despite the repudiation of the standard doctoral/academic path.  Meanwhile, students from big state schools appear to have made good use of the individualized attention that is possible at a smaller, private research school, which is presumably hard to find at a larger school, to catapult themselves into prestigious graduate programs.  It is possible that an REU program at a large state school would do well to recruit students from private schools, since it may be that the exposure to a different environment that is the stimulus for greater success.  Elite four-year colleges trailed in our measures, possibly because the shift from liberal arts to engineering research is culturally jarring.  Although the sample is small, it may be revealing that two of the eight students from such colleges ended up in non-profit work.

.  Perhaps most widely applicable conclusion for future REU sites is that our tenured faculty had better long term outcomes advising REU students.  This may be an artifact of our department, but it makes quite a bit of sense.  Many junior and non-regular faculty do not have mature research projects, have inflexible time horizons and impact requirements for their research, and may not know how to advise, or how to value the advising of REU students.  The difference was not drastic, but it was noticeable.

.  We explicitly used local Wash U students to help ease the transition of non-local students into our environment (both in physical space and virtual space).  Apparently this did not produce adverse effects on either the local or the non-local population.   When we ran a small pre-NSF program, the non-local outcomes were also excellent, so it may be that the proportion of local students is not really an important factor in producing successful outcomes. 

.  It did not seem to matter what area the students pursued, whether they shared the advisor with another REU student, or whether they joined a large, big lab, or worked in a more individualized setting.

.  NSF funding permitted expansion of the program to larger numbers without significant reduction of outcomes; in fact, rates of graduate study were increased, and funding improved our ability to recruit widely and to attract highly qualified students.

.  Washington University's CS department originally viewed its SURA program as a way of recruiting good students into its doctoral program.  At this, the program was not strong:  only one of the 90 students actually entered and completed the program, though he became a successful academic.  Another non-local student joined one of our research labs and did famous work.  The quality of the “feed” was evident, but not in the quantity originally desired.  Nevertheless, the REU site clearly provided increased opportunity with elevated standards for local students.  And it permitted faculty to put their mark on, and collaborate with, excellent students from other colleges.  Outcomes from our doctoral program (using the same metrics of non-trivial citation and prestige by mid-career) are arguably superior to those of the REU site, though the numbers and placements are likely not far apart.    In this respect, it is possible to view the SURA/REU program as doubling the production of well-trained researchers that our department would otherwise have produced.

.  With about $270k of Clinton-era taxpayer money, it seems difficult to argue that the REU site that we ran was anything but a huge bargain, and that programs like it should be repeated often.
