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Abstract 

This mini-review will focus on a US Presidential Award/National Science Foundation/ AAAS 

recognized program that offers research experiences for all interested students. The quality of the 

research experiences will be documented by citations of student (208 students) co-authored peer 

reviewed papers and evidence will be presented that students are turned on to research by the method 

of Oppenheimer mentoring, that will be described. The career outcomes of the students will be detailed 

and it will be shown that this program is a model for enhancing the science workforce. 

 

1. Introduction 

Many students want research experiences but can’t get them, resulting in a science workforce deficit. 

Here 50 years of open door policy for research experiences will be described including quality of the 

research experiences, student co-authorships, student career outcomes and the effect of research 

experiences on students. The issue of professor ability to handle many new students is discussed. All 

students and trainers receive college credit and Steve Oppenheimer receives workload teaching credit 

for working with so many students. 

 

2. Main Body 

How can a single professor serve many new undergraduates in research? 

Here’s the answer edited from Oppenheimer, S., NATURE 519: 158 [90]. 

Handling so Many Undergraduates/Oppenheimer program 

All new undergraduates are trained by peer undergraduates or pre-Masters students (not Ph.D. students 

or postdocs), experienced in the research, helping to insure that the newcomers immediately feel 

comfortable in the research setting. I, Steve Oppenheimer, regularly check all of the newcomers and 

liven it up with jokes and encouragement. The burden of heavy course loads is mitigated by an open 
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door policy that allows students to pursue their research during off hours and vacation times. This part 

of the program is very important for its success. 

Hiring and Promotion. Edited from Oppenheimer, S., NATURE 554: 31 [91] 

I suggest that skills in mentoring should be made a condition for hiring faculty members and that 

mentoring success be included as a criterion for tenure and promotion. This is done on our campus and 

may be a reason why our campus was listed as an up and coming research university by the NATURE 

INDEX. And that’s with no Ph.D. students [94].  

Obviously, many years of academic policy can’t be changed overnight but the White House, NSF and 

AAAS think that our model is on the right track to change things for the better. 

A specific example of student mentoring 

Specific example of motivation putatively causing a specific career outcome. 

An Hispanic Alum named Celina Barba Simic. 

The documented career success of many hundreds of students mentored by Steve Oppenheimer played a 

key role in the U.S. Presidential Award as noted by the NSF Presidential Award peer review panel. The 

evidence presented is mostly correlation and does not provide any clarity on causal relationships. 

Serendipity has provided an example that gets more into possible causal relationships. This is about one 

student, of several, who made a donation to the university of student scholarship(s) in honor of Steve 

Oppenheimer. But in this case an astute reporter (93) unraveled how motivation by Steve Oppenheimer 

led to her acceptance to Stanford University Medical School (and is now a co-director of emergency 

medicine at a large Los Angeles Hospital). Here is some of her story in her own words. Her daughters 

asked, Mom, how did you become a doctor…In unraveling 20 years worth of layers she remembered Dr. 

Oppenheimer. She decided to make the gift to the university because she said Dr. Oppenheimer changed 

the trajectory of her life. It began when she took Oppenheimer’s undergraduate embryology course. After 

that she worked in Oppenheimer’s research lab. She said being in Dr. O’s lab as an undergraduate was 

awesome. He encouraged every person that walked into the lab to do everything they wanted to do and 

helped them find ways to do it. She said Oppenheimer’s encouragement made a profound impact on her 

life…He gave me the confidence to apply to medical school. He gave me the study skills, research skills 

and knowledge base to succeed. He said you’re the best and you can become a doctor if you want to be 

one. He gave me the confidence to apply to medical school He changed the trajectory of my life. It’s hard 

to assign causality to motivational strategies. But this story comes close. 

Boundless enthusiasm 

One item that caught the eye of a NSF panel reviewer on the Presidential Award panel: He (Oppenheimer) 

calls his students professors and doctors. I’m going to try doing that. It’s a motivational gimmick that is 

both inspirational and transformative that reflects his boundless enthusiasm (89). 

I will now summarize some of the research done by undergraduates and pre-Masters students over a 50 

year period, listing number of student co-authors on each component of this program. Numbers refer to 
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citation on the reference list. If no students are listed next to a citation, no students co-authored it. These 

listings help document the quality of student co-authored peer-reviewed papers in this program. 

 

3. Sea Urchin Embryo 

We examined the molecular basis of adhesive interactions in the sea urchin embryo, an NIH model 

system. 5 (1 student), 6 (3 students), 9 (3 students), 10 (3 students), 11, 12 (2 students), 16 (1 student), 19 

(3 students), 20 (1 student), 21 (2 students), 22 (2 students), 25 (2 students), 28, 29, 30, 31 (2 students), 32 

(3 students), 35 (1 student), 38 (6 students), 40, 42 (4 students), 43 (7 students), 44 (3 students), 49 (2 

students), 50, 51 (5 students), 53 (4 students), 54 (13 students), 55 (7 students), 56 (1 student). 57 (5 

students), 58 (3 students), 67, 69, 73 (1 student), 75, 79 (3 students), 81 (2 students), 83 (1 student), 84 (3 

students), 85, 86, 87 (1 student). As can be seen (5, 9, 10, 12, 20, 21, 22, 25, 32, 35, 66, 67, 69, 70, 71, 76, 

77, 78, 79, 80, 81, 83, 84, 85, 87) were in NATURE, SCIENCE, ZYGOTE, EXPERIMENTAL CELL 

RESEARCH, CRYOBIOLOGY, BIOCHEMICA BIOPHYSICA ACTA, journals that are known for 

high quality papers and usually good impact factors. The student co-authored research helped show that 

specific carbohydrates were involved in sea urchin embryo cellular interactions, a finding that helped 

lead to election as Fellow AAAS and a US Presidential Award for mentoring. 

 

4. Cancer and Assays 

The area of cancer is exciting for students and we made discoveries on cancer clumps vs single cells, 

cancer cell adhesiveness, cancer cell protease and cancer cell surfaces. 7 (2 students), 8 (1 student), 13 (2 

students), 14, 15 (1 student), 17 (2 students), 18 (7 students), 23 (17 students), 24 (13 students), 26 (1 

student), 33 (2 students), 34 (1 student), 36 (1 student), 39 (3 students), 41 (2 students), 45 (18 students), 

47 (10 students), 52 (3 students), 59 (3 students) 60, 61, 62, 63, 64, 65, 66 (4 students), 68, 70 (3 students), 

71 (4 students), 72 (3 students), 74, m75, 76 (3 students), 77 (1 student), 78, 82, 87 (1 student), 88, 89. 46 

(7 students), 48. 

 

5. Who Writes the Student Co-Authored Papers? 

I do for some of them. The students and I do most of them. The students do for others. Our biggest paper 

with 10,000 downloads was totally student written (7). The writer, Haike Ghazarian, is now a Ph.D. 

working in industry. I am reprinting this paper below as it is for non-profit education purposes and it is a 

masterpiece. This paper is an example of the high level of student co-authorships that reflects their 

training and why this program is a model for enhancing the science workforce. 
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DATA (93) 

# student co-authored full length peer-reviewed papers: 60 
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# student co-authors: 208 

Average # students on these papers: 3.5 

 

CAREER OUTCOMES OF SOME LAB ALUMNI (who reported their careers to Steve) (93) 

Ph.D.s: 52 

M.D./M.D.-Ph.D.s: 62 

Dentists: 33 

Pharmacists: 17 

Scientists in research and education: 97 

Lawyers: 2 

 

ACTUAL DATA ON CAREER OUTCOMES OF SOME LAB ALUMNI UPDATED TO 2021. THIS 

IS ONLY A FRACTION OF CAREER OUTCOMES AS IT INCLUDES ONLY THOSE WHO 

REPORTED TO STEVE. This indicates enhanced science workforce in this little sample and correlates 

with lab mentoring that may or not be causative. The Celina Barba Simic story in this paper suggests 

causation. * names are some of those who continued to complete a Masters degree with Steve. 
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6. Pre-College 

As career objectives are often decided before students enter college, we have published a pre-college 

journal for 25 years that showcases research by hundreds of pre-college students and their teachers [1]. In 

addition, we have developed a pre-college research poster symposium that gives hundreds of students the 

opportunity to showcase their research. Advanced college undergraduates review the posters and 

congratulate the youngsters who receive medals and certificates. All participating students receive 

medals and certificates for great efforts. This is not like a science fair where only a few kids are 

“winners.” All poster presenters here are “winners” and this is the pre-college component to help 

improve the science workforce at an early age [1]. Here is a Commentary I wrote for NSTA Reports 

October 2019 read by hundreds of thousands of NSTA members that explains our Pre-college program. 

The Value of Recognizing the Efforts of All Science Students By Steve Oppenheimer. Current education 

research (2) has shown that precollege science experiences substantially increase the number of students 

choosing a science major in college. However, science fairs usually select a relatively small number of 

winners from hundreds of participants, leaving most with little to show for their efforts, which can 

diminish those students’ future interest. About 35 years ago, I established a research training program for 

K-12 teachers. After training many teachers in our labs, I developed the Journal of Student Research 

Abstracts (JSRA) to showcase and reward participating students with published abstracts in a free online 

journal. All students, not just the high achievers, should be encouraged to do precollege science research, 

as by the time they reach college, they often have decided on careers. The United States needs more 

research scientists, so we should encourage many more students, not just high achievers, to fall in love 

with science. Teachers across Los Angeles and across the U.S.A. submit abstracts on behalf of their 

middle and high school students to JSRA. Journal editors and teachers rigorously review abstracts, and 

students have the opportunity to correct any problems. Although this research is conducted by students, 

scientific rigor is expected. Abstracts document the use of appropriate controls, sufficient replications, 

and adequate numbers of samples. Accepted abstracts are published in the journal, and student authors 

receive a print copy of the journal containing their published research. (JSRA is available online at 

http://bit.ly/2kkE0Et.) One teacher said their students dance with joy upon seeing their work in print. 

Center for Cancer and Developmental Biology Pre-College Research Poster Symposium, which also 

recognizes hundreds of middle and high school student scientists each year. The posters often are based 

on the reviewed project abstracts submitted to JSRA, and a cadre of advanced senior level university 

students trained in research science evaluate them. Students conduct their research at their schools and 

homes, and present their reviewed research in poster form at the symposium, held at California State 

University, Northridge (CSUN), where they receive medals and certificates recognizing their efforts. 

This really inspires them to continue in science. Former students who contributed to the journal and 

participated in the symposium have reported that their siblings “fight” to become involved. Students have 

been admitted to a spectrum of higher learning institutions, including the California State University 

system, University of California system, Drexel University, Oxford, Pepperdine, Stanford, Harvard, 
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Penn State, and the University of Tokyo. Thousands of good precollege science experiences exist that 

can motivate students to choose science careers. Just having a great science teacher can spark students’ 

interest. Our journal and poster symposium recognize thousands of kids for their research work. A 

reward like a published abstract or a medal and certificate may be the first and often only recognition 

from a university many of these students receive. Following the most recent symposium, CSUN Vice 

Provost Matt Cahn noted, “This is one of those transformative opportunities that we hope all students 

have.” How often do hundreds of students receive university and parental recognition for science 

research work? The pride that families take in their children’s science work provides an extra push for 

them to choose a science career. These programs are replicable by teachers, schools, and school districts 

if they wish to encourage many more students to contemplate future science careers. I also suggest that 

science educators consider urging their middle and high school students to submit research abstracts to 

JSRA. (Author’s note I would like to thank Andrew Weiss, Elizabeth Altman, Mindy Berman, Alvalyn 

Lundgren, and Helen Chun for their work on JSRA. I have been fortunate to have support from CSUN 

leadership and staff in launching and running the symposium and the journal). Steve Oppenheimer, 

professor emeritus, CSUN, has received several awards, including the Presidential Award for Excellence 

in Science, Mathematics, and Engineering Mentoring and a CSU System Trustees Outstanding Professor 

award. He is an American Association for the Advancement of Science Fellow and serves as director of 

CSUN’s Center for Cancer and Developmental Biology. He was editor of Elsevier’s international journal 

Acta Histochemica, affiliated with the International Federation of Societies for Histochemistry and 

Cytochemistry. He has taught, conducted research, and worked with middle and high school students and 

teachers at CSUN for 48 years .  

 

7. Conclusions 

This Mini-Review documents student co-authors and career outcomes and suggests that this open 

research program is a model for enhancing the science workforce. The White House and NSF honored 

Steve Oppenheimer with a US Presidential Award for this work, as did the AAAS in electing Steve as a 

Fellow. The AAAS Fellow designation is a valued research honor that suggests that the student 

co-authored papers are of high quality. Steve’s mentoring program uses advanced undergraduates to help 

train the newcomers so the job of offering research experiences to large numbers of students is feasible 

and easy to accomplish as long as motivation and enthusiasm abound. The example of a student, 

mentored by Steve, who is a Stanford M.D. and co-director of a major hospital’s emergency department, 

provides evidence that this mentoring program can indeed serve as a model for enhancing the science 

workforce. 
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