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Personal History of Research & 
Mentoring Students: A Growing Legacy 

Cell Division Tessellations & Image Analysis; Food Webs 

Phylogenetic Analysis & Bioinformatics 

Lindenmayer Systems & Fractal Geometry 

Biological ESTEEM Project 

Knot Theory & DNA 

Initiated the BioQUEST Curriculum Consortium 

Fulbright Scholar Thailand 

Interval Graphs; Voronoi Tessellations 

Genetic Codes as Codes  

Drug Design for Diseases of the Developing World 

Origins of Life: Synthesis of Nucleic  Acids & Nonrandomness 

NASA Exobiology (Astrobiology) – Sounding Rockets; Moon Rocks 

Molecular Sequence Analysis (1st year of college teaching) 

Chloroplast Genes: Colinearity of Cytoplasmic Genes and Proteins 

Building an Automated Protein Sequencer 

Bioremediation: Microbial Clean-up on Industrial Accidents 
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Where my students have published 

Bulle?n of Mathema?cal Modeling 

Mathema?cal Modelling of Natural 
Phenomena 

BioSystems 

Briefings in Bioinforma?cs 

BIOMAT 

Journal of Heredity 

Bioinforma?cs (submiKed) 

Bioscence 

Journal of Young Inves?gators 

CBE Life Science Educa?on 

BioQUEST Library 

The Biological ESTEEM Project 

BEDROCK Problem Spaces 

MAA Digital Classroom Resources 



Society for Mathema?cal Biology  

B.E.E.R. 

BiomathemaEcs and Ecology: EducaEon and Research 

Pew Midstates MathemaEcs and Science ConsorEum 

Council for Undergraduate Research 

Where my students have recently presented: 

NaEonal Academies of Science 



Where are some of my recent 
students who have gone on to do 
graduate work in bioinformaEcs, 

biostaEsEcs, computaEonal biology, 
and mathemaEcal biology? 

Anna Decker      University of California Berkeley 

KaEe Geist      Washington University 

Ariella Gladstein    University of Arizona 

Vanja Klepac‐Ceraj  Harvard University 
Winnie Kretschmar  Cambridge University 

Han Lai        Carnegie Melon University 

Joe ReitsteSer    University of Washington 

Adrian Smith     Arizona State University 

Marcin Wiczla     University of Chicago 



Undergraduate Research: 

Engagement,  
Mentoring,  

and  
Reform 



Sharing with the already commiSed: 

I don’t presume that I’m saying 
anything that either you aren’t 

currently doing or haven’t thought 
about; but what I can share is a 

perspecEve on how we tell our story to 
others about what and why we do it – 
and – provide some of the published 
literature to back up the pracEces that 

we are engaged in 



http://undsci.berkeley.edu/ 





Beloit 
Biologist 

32 years 



The Beloit Biologist is a journal published annually by the Beloit College Biology Department that 
publishes criEcal reviews and primary research manuscripts wriSen by Beloit College students.  
CriEcal reviews examine one or more hypotheses using data available in the primary literature.  
Primary research manuscripts present and discuss research results for the first Eme.  Manuscripts 
submiSed to The Beloit Biologist are wriSen for a general biological audience.  Students wriEng 
manuscripts for submission to the journal parEcipate in the Biology Department’s capstone 
course, BIOL 387.   

In this course, 
  students develop a quesEon and one or more testable hypotheses about a biological topic, 
 gather and evaluate informaEon from the published literature that pertains to the testable 

hypotheses,  
 write a criEcal review or primary research manuscript on the biological topic,  
 submit a manuscript to The Beloit Biologist, 
 review manuscripts submiSed by other students to The Beloit Biologist, 
 revise a manuscript in response to construcEve criEcism from the instructor, associate 

editor, and peer reviewers, 
 create and present a poster at the Biology Poster Session, and 
 create a CV or resume and cover leSer for use in applying for jobs and/or graduate school. 

The Beloit Biologist is published in May and is distributed at the Biology Department 
Commencement Breakfast. 



Changing views 
•  Copy right 
•  Patents 
•  Registered trade 
marks 

•  Trade secrets 
•  Licenses 
•  Contracts 
•  Insider 

•  Copy lea 
•  Commons 
•  Open source 
•  Public Library of Science 
•  NaEonal Science Digital 

Library 
•  Cite Seer 
•  Freeware, shareware, LINUX 
•  Personal web pages with easy 

downloads 
•  P2P 
•  BioQUEST resource center 

Visit: hSp://www.edu‐cyberpg.com/Internet/copylea.html 



Writers, Readers, &  
Knowledge Makers 

We want you 
1)  as writers, to feel the pressure of a reader’s 

presence 
2)  as readers, to discover a vocabulary with which to 

consider wri?ng 
3)  as knowledge makers, to view the social and 

incremental way that knowledge is constructed, 
one response at a ?me. 

‐‐Tinberg, Howard. Peer Review and Teacher 
Commentary. TETYC, March 2004. 



Technical Comments 

•  Grammar, SyntacEcal Felicity, Spelling 
•  Audience 
•  References 
•  IllustraEons 
•  Format: Adherence to guidelines 
•  Are all elements present? 
•  What do you as a reader not understand or need 
further clarificaEon? 

•  Concrete suggesEons for improvement beyond the 
mechanics … 



Note Well 

•  You will be evaluated in your undergraduate research 
not  only  by your papers and presentaEons, but the 
quality of your investment in your colleagues’ work. 

•  Thus, peer reviewing is an essenEal and important 
part of this summer’s work. 

•  Peer reviewing is an essenEal and important part of 
scienEfic community construcEon and the 
producEon of veSed, quality new knowledge. 



Peer 
Review 





Calibrated Peer ReviewTM 
WriEng, CollaboraEon, and CriEcal 

Thinking 
h"p://cpr.molsci.ucla.edu 

Arlene A. Russell, UCLA 

University of Maryland 
November 13, 2003 



Calibrated Peer Review 





Peer Review 
･ How would you define Peer Review? 

･ What are your expecta?ons for Peer Review? 

･ When would YOU want peer review? 

･ What sort of responses would YOU appreciate? 

･ What feelings might YOU have about receiving 
responses to your work? 



Peer Review Template 

•  hSp://www.middlesex.mass.edu/carnegie/MCCCG/
MCCReviewGuidelines.htm 

•  Adapted from: 
•  Scholarship Assessed: Evalua3on of the 
Professoriate by Charles Glassick, Mary Taylor Huber, 
and Gene Maeroff. San Francisco: Jossey‐Bass. 1997. 
Guidelines for Review 

•  Author Name: 
•   Reviewer Name: 
•  Paper Title: 
•  Date: 
•  General Comments: 



•  Clear Goals: Does scholar state basic purposes of his/her work clearly? Does the scholar define 
objecEves that are realisEc and achievable? Does the scholar idenEfy important quesEons in the 
field? 

•  Adequate Prepara?on: Does the scholar show an understanding of exisEng scholarship in the 
field? Does the scholar bring the necessary skills to his or her work? Does the scholar bring 
together the resources necessary to move the project forward? 

•  Appropriate Methods: Does the scholar use methods appropriate to the goals? Does the scholar 
apply effecEvely the methods selected?  Does the scholar modify procedures in response to 
changing circumstances? 

•  Significant Results: Does the scholar achieve the goals? Does the scholar's work add 
consequenEally to the field? Does the scholar's work open addiEonal areas for further 
exploraEons? 

•  Effec?ve Presenta?ons: Does the scholar use a suitable style and effecEve organizaEon to 
present his or her work?  Does the scholar use appropriate forums for communicaEng work to its 
intended audiences?  Does the scholar present his or her message with clarity and integrity? 

•  Reflec?ve Cri?que: Does the scholar criEcally evaluate his or her own work?  Does the scholar 
bring an appropriate breadth of evidence to his or her criEque?  Does the scholar use evaluaEon 
to improve the quality of future work? 

•  Scholarship Assessed: Evalua3on of the Professoriate by Charles Glassick, Mary Taylor Huber, 
and Gene Maeroff. San Francisco: Jossey‐Bass. 1997. 





American Journal of 
Undergraduate Research 



Undergraduate Research: 
MathemaEcal Modeling of 
Mortgages 

Youngna Choi & Steven Spero 

pages 698‐711 

Volume 20, Issue 8, 2010 

DOI:10.1080/10511970902840698 

Available online:29 Oct 2010 



Regularly run: 
Modeling Contests 



Why should you publish or present 
your work? 

•  Professional obligaEon 
•  Way your findings make their way into 
pracEce and policy (classroom,industry, 
society) 

•  Improve visibility of yourself,department, 
university, company,government agency 





“Undergraduates:  
Do Research,   
Publish!” 

AJUR 
American Journal 

of Undergraduate Research 

JYI 

 Journal of Young InvesEgators 

#Cell Biology EducaEon (2004)  
Free On‐line from ASCB.org 



Points of View  
Cell Biology EducaEon 

Vol. 3: 22–27  (Spring 2004 )  

WHILE there may be several posiEve arguments for undergraduate research journals, I 
think that the negaEves far outweigh the values they may have.  

My first argument is that a journal geared toward the publicaEon of undergraduate 
research would significantly “up the ante” and increase the pressures on students. 

Right now, my undergraduates do not need a published paper to get into an  
excellent graduate school or medical school or to be compeEEve for a fellowship.  

What they need is a leSer of recommendaEon, wherein I write that the student has 
drive, persistence, intellectual curiosity, and that she or he knows how to plan  

experiments with the appropriate controls.  

The fact that the student’s research has not yet reached the publicaEon stage is not 
considered a disadvantage. If there were an undergraduate research journal, such a 

publicaEon might become an expected “credenEal.”  

ScoS Gilbert  
Swarthmore College 



Points of View  
Cell Biology EducaEon 

Vol. 3: 22–27  (Spring 2004 )  

It would be interesEng to  
know if any arEcle in these journals has been cited by anyone  
outside its home insEtuEon or whether any of the journals is  
indexed in searchable databases such as PubMed. In other  

words, the journals risk being liSle more than “vanity journals.”  

Thus, I do not think that an undergraduate research journal  
provides benefits for the undergraduates that outweigh the  

costs of Eme and other resources. I also doubt that such a jour‐  
nal would have arEcles of significant benefit to science or the  
scienEfic community. Moreover, I believe that such a journal  
would only put more publicaEon pressure on faculty members  
and weaken one of the fundamental reasons for pursuing re‐  
search with undergraduates. The risks of publishing an under‐  
graduate research journal outweigh any possible benefit such a  
journal might have. I think that there are other, more important  

places where we can put our limited funds and Eme.  

ScoS Gilbert  
Swarthmore College 



Points of View  
Cell Biology EducaEon 

Vol. 3: 22–27  (Spring 2004 )  

Undergraduates: Do Research, Publish!                                                                    John R. Jungck, Margaret Harris, Renée Mercuri,and Joshua Tusin 



Not only publica?ons,  
But awards as well and 
acEvism! 







MENTORING: AFFECTIVE, SOCIAL, CULTURAL 







Talking about Leaving: Why Undergraduates leave the Sciences 

Elaine Seymour and Nancy HewiS (Westview, 1997) 

Reviewed by Danielle R. Bernstein (danny@hikertohiker.org) 

ABSTRACT 

Elaine Seymour and Nancy HewiS are sociologists at the Bureau of Sociological Research at the University of Colorado in Boulder. The 
book is an indepth report of a huge, mulE‐campus study of Science, Math and Engineering (SME) students. Who sEcks with SME and 
who switches out to another field? This review concentrates on the gender aSributes and traits of switchers and nonswitchers 

Most Important Single GeneralizaEon 
Switchers and nonswitchers did not differ by individual aSributes of performance, axtude and behavior. They had the same array of 
abiliEes, moEvaEons and behaviors. What disEnguished the survivors from those who lea was the development of parEcular 
axtudes, coping strategies and serendipity. Few switchers (10%) lea because they have discovered that a non‐science discipline was 
more suited to their abiliEes. There was no gender difference in this regard. Non switchers cited intrinsic interest in the subject as a 
prime source of moEvaEon more than twice as commonly as switchers. 

Individual coping skills include: 
Competence ‐ knowing the material 

Confidence ‐ knowing that you know the material 
Persistence ‐ sEck with it 

AsserEveness 
Strong interest in the discipline 
Strong interest in the career 

A support system, bonding with other women in SME 



Talking about leaving:  
Why undergraduates leave the sciences 

"Field switching is only the tip of an iceberg: The same set of problems that prompt 
some science, mathematics, and engineering undergraduates to leave make 
persistence difficult for those who stay." (Cover jacket). 

"Contrary to the common assumption that most switching is caused by personal 
inadequacy in the face of academic challenge, one strong finding is the high 
proportion of factors cited as significant in switching decisions which arise either 
from structural or cultural sources within institutions, or from students' concerns 
about their career prospects (p. 32)."  The four most commonly cited concerns 
leading to switching decisions (also cited by between 31 and 74 percent of the non-
switchers) were: 

1.  Lack or loss of interest in science 
2.  Belief that a non-S.M.E. major holds more interest, or offers a better education 
3.  Poor teaching by S.M.E. faculty 
4.  Feeling overwhelmed by the pace and load of curriculum demands. 



Tinto's principles of effective retention:   

1.  Effective retention programs are committed to the students they serve.  
They put student welfare ahead of other institutional goals. 
2.  Effective retention programs are first and foremost committed to the 
education of all, not just some, of their students. 
3.  Effective retention programs are committed to the development of 
supportive social and educational communities in which all students are 
integrated as competent members. 

Commonalities of effective retention commitments: 

•  enduring commitment to student welfare 

•  a broader commitment to the education, not mere retention, of all students 

•  an emphasis upon the importance of social and intellectual community in 
the education of students.  



Tinto Model 



"Although programs can be most helpful, 
they cannot replace the absence of a high 
quality, caring, and concerned faculty and 
staff.  Institutions should therefore not be 
misled by the use of modern technology and 
marketing strategies. . .The road to 
institutional commitment and thus to 
student commitment does not require very 
elaborate or high- cost 
interventions. . .Rather, effective retention 
calls for sustained effort of the part of all 
institutional members to give to each and 
every student serious and honest attention 
on a daily basis.  It requires, if you will, a 
continuing commitment to the education of 
students.  No technology, however 
sophisticated, can replace that sort of 
commitment (Tinto, p. 201)." 





What is a peer‐reviewed publicaEon? 

•  EvaluaEon of your research and your proposed publicaEon/presentaEon by colleagues 
with similar knowledge and experience. Usually done anonymously.  

• What is the value of peer‐review? 
•  Part of self‐regulaEon of profession 
•  Many readers don’t have the experEse to judge the quality and importance of the 

research. 
•  Helps idenEfy which projects to fund 
•  Helps idenEfy which research findings to publish 
•  Helps in personnel reviews (who to hire andpromote) 
•  Assesses the reliability of research &findings 



Sources  

•  Journal of Young Inves:gators, www.jyi.org  
•  American Journal of Undergraduate Research, 
(<hSp://www.ajur.uni.edu/>) 

•  Thanks to: Steneck, Nicholas H., Introduc:on to the 
Responsible Conduct of Research,Office of Research 
Integrity, U.S.Dept. of Health & Human Services 



Coopera?ve Learning Research Support  
Johnson, D.W., Johnson, R.T., & Smith, K.A.  1998.  CooperaEve learning returns to college: What 

evidence is there that it works?  Change, 30 (4), 26‐35. 

• Over 300 Experimental Studies 
• First study conducted in 1924 
• High Generalizability 
• MulEple Outcomes 

Outcomes 

1. Achievement and retenEon 
2. CriEcal thinking and higher‐level 
 reasoning 

3. Differen?ated views of others 
4. Accurate understanding of others' 

perspec?ves 
5. Liking for classmates and teacher 
6.  Liking for subject areas 
7. Teamwork skills 



Small‐Group Learning: Meta‐analysis 

Springer, L., Stanne, M. E., & Donovan, S.  1999.  Effects of small‐group learning on 
undergraduates in science, mathemaEcs, engineering, and technology: A meta‐analysis.  

Review of EducaEonal Research, 69(1), 21‐52. 

Small‐group (predominantly cooperaEve) learning in 
postsecondary science, mathemaEcs, engineering, and 
technology (SMET).  383 reports from 1980 or later, 39 of which 
met the rigorous inclusion criteria for meta‐analysis.   

The main effect of small‐group learning on achievement, 
persistence, and aftudes among undergraduates in SMET was 
significant and posi?ve.  Mean effect sizes for achievement, 
persistence, and axtudes were 0.51, 0.46, and 0.55, respecEvely.  



How Undergraduate Research has 
changed undergraduate STEM 
educaEon more generally 

New Courses 

New Modules 

New CollaboraEons 

New Curricula 

Transformed Syllabi & Revised Courses  
(more emphasis on quanEtaEve reasoning, data analysis, 
hypothesis tesEng, problem solving, modeling, …) 

Team‐Teaching 



SLOVENIA 

Andrej Šorgo 
Faculty of Natural Sciences and MathemaEcs, 
University of Maribor 
Koroška c. 160 
2000 Maribor, 
SLOVENIA 



Sweet Briar College 

Pitzger College 

University of Chicago 

Cleveland State University 

Goucher College 

Old Dominion University 

Truman State University 

SUNY Geneseo 

University of Minnesota 

Agnes ScoK College 

East Tennessee  State University 

St. Michael’s College 

DIMACS/Rutgers University 

Universit´e Paris‐VI – CNRS 

Beloit College 

MathemaEcal Modelling 
of Natural Phenomena 

Special issue on 
EducaEon  

(co‐editor Elsa Schaeffer) 



C. R. E. A. T. E. = 
Consider 
Read 

Elucidate hypotheses 
Analyze & 

interpret data 
Think of next Experiment 



IT Tools specifically designed as research tools; e.g., data‐logging, image 
analysis, modeling, stat packages, bioinformaEcs, and phylogeneEcs 

Only effecEve educaEonally if students apply  to a problem that they 
have some ownership of and they use these IT tools “if students apply 
these tools with respect to the objecEves of research acEvity and 
contribute to praxis of research by evaluaEng and modifying the 

applicaEon of these tools” 



Digital Learning Material for 
Model Building in Molecular 
Biology 

Tinri Aererter‐Wilmsen et al. 
Universität Wageningen 
Netherlands 

Drosophila morphogen gradient 

‐ regula?on at gene expression level 
‐ role of gradients 
‐ presence of posi?ve feedback 

found design cycle transferable 
to other modeling ac?vi?es 

easy to adopt & adapt 
(University of Zurich, 
Switzerland) 

Modeling in Biology Educa?on 

PLoS Biology 3(1): e1 (2005)  

J. Science EducaEon and Technology 
14 (1): 123‐134 (2005)  



BioQUEST & 3P’s 

•  Problem Posing 

•  Problem Solving  

•  Peer Persuasion 



Exploring Cyberlearning  
in Biology EducaEon 



What is Cyberlearning? 



Advantages of Undergraduate Research 

Undergraduate Research: 

Engagement,  
Mentoring,  

and  
Reform 





Israel 
(France, England, Greece, 

Switzerland & Italy, and Israel) 
Argumenta?on in support of 
student scien?fic inquiry 

later: 
Marcia Linn 
U C Berkeley 

& 
Philip Bell 

U Washington 

SCOPE 
Science Controversies Online 

even later 
Science ar?cle on 

MIT Project 

Engaging Students in Science Controversy Through an 
Augmented  

Reality Role‐Playing Game  

Eric Rosenbaum, Eric Klopfer, BriKon Boughner  
MIT 



NaEonal Laboratory PracEcal 

An Inquiry Oriented Laboratory ExaminaEon 
Pinchas Tamir 

Hebrew University of Jerusalem 

J EducaEonal Measurement 11 (1): 25‐33 (Spring 1974) 

ManipulaEon 

Self‐Reliance 

ObservaEon 

Experimental Design 

CommunicaEon 

Reasoning 

PracEcal counts 40% of total score 


