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Abstract 

We report on the design, implementation and assessment of the research 
seminar offered as part of the NSF-PRISM supported “Mathematics and Life 
Sciences” program at MU.  The seminar format aims for 25-minute research 
talks followed by 25 minutes of defense, discussion and extrapolation.  The 
emphasis on equal time between presentation and scientific discussion is a 
stratagem of this course to stimulate open and frank discussion and cross- and 
interdisciplinary brainstorming, exchange and education, and student 
performance is assessed in this spirit.  The seminar grade is affected by the 
student’s attendance, the assessment of the student’s research presentation 
(rubric-based peer review of science content and presentation skills), the 
assessment of the student’s peer reviewer performance (meaningful, balanced, 
written constructive criticism), and the assessment of the student’s discussant 
performance (attention and comprehension; seeking and providing 
clarification; content of mini-paper; contribution to discussion).  The grading 
scheme reflects a shift from the traditional assessment of the speaker to an 
assessment of members of the learning community.  The presentation will 
highlight how such a class is socializing students for research.  



Background 

“Although mathematics has long been intertwined with the biological sciences, 

an explosive synergy seems poised to enrich and extend both fields greatly in 

the coming decades.”                                                                     
Joel E. Cohen, Abby Rockefeller Mauzé Professor of Populations at Rockefeller University and Professor of 

Populations at the Earth Institute of Columbia University.  Cohen, J. E. (2004) Mathematics Is Biology's Next 

Microscope, Only Better; Biology Is Mathematics' Next Physics, Only Better. PLoS Biol 2(12): e439.  

doi:10.1371/journal.pbio.0020439 

 

“Recent research using tools from the biological, mathematical, and computer 

sciences has led to dramatic improvement in our understanding of biology, 

medicine, and the environment.  … As these new cross-disciplinary fields 

continue to develop new knowledge, techniques, and processes, they create even 

more opportunities for new biological research.”  

Carol Brewer, Professor of Biological Sciences and Associate Dean of the College of Forestry and Conservation at 

the University of Montana; and Daniel Maki, Professor Emeritus at Indiana University and Director of the National 

Science Foundation Math and Science Partnership Program.  Brewer, C. A.; Maki, D. Building the Renaissance Team.  

In Math & Bio 2010 – Linking Undergraduate Disciplines, Steen, L. A. (Ed.).  The Mathematical Association of 

America: Washington, D.C., 2005, p. 45-50. 



Background 

Galileo wrote that “the book of nature is written in the language of 

mathematics”; his quantitative approach to understanding the natural world 

arguably marks the beginning of modern science. Nearly 400 years later, the 

fragmented teaching of science in our universities still leaves biology outside the 

quantitative and mathematical culture that has come to define the physical 

sciences and engineering. This strikes us as particularly inopportune at a time 

when opportunities for quantitative thinking about biological systems are 

exploding. We propose that a way out of this dilemma is a unified introductory 

science curriculum that fully incorporates mathematics and quantitative thinking. 

Science 2004, 303, 788-790. 

 



Background 

Math + Science = Success 

Llamas et al. analyzed 10 years of test results from undergraduate students enrolled 

in a plant physiology course in Spain. Only a basic level of mathematics knowledge 

appropriate to the students’ background was required for answering the test 

questions. Questions requiring mathematical skills were defined as those that required 

calculations, interpretation of graphs, or analysis of a numeric table. Success on these 

questions was found to be 16% lower than success on corresponding nonmathematical 

questions. Moreover, mathematics-based questions were more often left blank, which 

suggests that the students themselves may doubt their ability to answer the question. 

Interestingly, success on mathematics questions ran in parallel with success in the course. 

These results highlight the need to integrate mathematical literacy into undergraduate 

biology courses to help students apply previously acquired skills to enhance their 

interest, and success, in biology. — MM 

Abstracted in Science 2012, 337, 504.  Llamas, A., Vila, F., Sanz, A. Mathematical Skills in Undergraduate 

Students. A Ten-year Survey of a Plant Physiology Course.  Bioscience Education 2012, 19 available at 

http://www.bioscience.heacademy.ac.uk/journal/vol19/beej-19-5.aspx 

 



Background 

EDITORIAL:  Engage to Excel 

“Why do undergraduate students leave STEM 

during the first 2 years? Studies indicate three 

primary reasons: uninspiring introductory 

courses, difficulty with the required math, and 

an academic culture in STEM fields that is often 

unwelcoming. These problems can be 

especially severe for members of groups 

underrepresented in STEM fields, including 

women and minorities, who today constitute 

about 70% of college students but earn only 

45% of STEM degrees.” 

S. James Gates Jr. and Chad Mirkin  Science 2012, 335, 1545. 

 



Background 

Our nation’s future just might 

depend on two simple words: 

math and science. 
 

Fortunately, with the right encourage-

ment, most students can excel in these 

subjects.  On this website, you can find 

math and science resources for students, 

parents, and educators.  If there isn’t 

already a math + science = success 

initiative in your area, contact us to learn 

how to start one. 

http://www.mathsciencesuccess.org/ 

© Copyright 2010. PRISM – Partnership for Reform in Science and Mathematics. All Rights Reserved.  

Site hosted by the Board of Regents of the University System of Georgia 

mailto: rosalind.barnes@usg.edu


The NSF-PRISM Program 

The goal of the program in Proactive Recruitment in Introductory Science and 

Mathematics is to strengthen the nation's scientific competitiveness by increasing the 

numbers of well-prepared, successful U.S. undergraduate majors and minors in 

science and mathematics.  The program will fund innovative, potentially 

transformational partnerships between the mathematical sciences and other science or 

engineering disciplines that widen the cross section of the mathematical sciences to 

which freshman and sophomore students are exposed and that provide these students 

increased opportunities for research experiences involving the mathematical sciences. 



Types of Interdisciplinary Scholarship 

Table 4.1, p. 81, in Lisa Lattuca, Creating Interdisciplinarity:  Interdisciplinary 

Research and Teaching among College and University Faculty.  Vanderbilt 

University Press, 2001. 

Type of Scholarship Teaching Research 

Informed Disciplinary Disciplinary Courses informed 

by other discipline(s) 

Disciplinary questions requiring  

outreach to other discipline(s) 

Synthetic Interdisciplinary Courses that link disciplines Questions that link disciplines 

Transdisciplinarity Courses that cross disciplines Questions that cross disciplines 

Conceptual Interdisciplinary Courses without a compelling 

disciplinary basis 

Questions without a compelling 

disciplinary basis 



Types of Interdisciplinary Scholarship 

Table 4.2, p. 114, in Lisa Lattuca, Creating Interdisciplinarity:  Interdisciplinary Research and Teaching 

among College and University Faculty.  Vanderbilt University Press, 2001. 

Typology Previous Categorizations  

Informed Disciplinary Instrumental interdisciplinarity 

Pseudointerdisciplinarity 

Cross-disciplinarity 

Partial interdisciplinarity     

Synthetic Interdisciplinary Instrumental or cross-disciplinarity that is motivated by an 

interdisciplinary question 

Multidisciplinarity 

Partial interdisciplinarity 

Conceptual Interdisciplinary 

Transdisciplinarity Transdisciplinarity 

Cross-disciplinarity 

Conceptual Interdisciplinary (True) interdisciplinarity 

Critical interdisciplinarity 

Full interdisciplinarity   



PRISM Principal Investigators @ MU 

George Smith 
Biolog. Sciences 

Dix Pettey 
Mathematics 

Frank Schmidt 
Biochemistry 

Rainer Glaser  
Chemistry 

Jennifer Hart  
ELPA 



The MLS Program 



MLS Program @ MU:  Goals 

The Two-part goal:  

 

1) recruit mathematically talented students into STEM fields, particularly 

underrepresented students who show potential for college success, and  
 

2) integrate mathematics more thoroughly into STEM curriculum with  particular 

emphasis in the life sciences.  

 

Proactive recruiting combined with support provided by the MLS program could greatly 

increase:  

 

(a) Number of students who begin with the intent of seeking a conceptually 

interdisciplinary STEM education, and/or  

 

(b) Number of students who decide early on in their undergraduate career to add a 

second major or a  minor. 

 



MLS Program @ MU:  Benefits 

Need-based scholarships for all four years.  

Multiple faculty mentors from a variety of disciplines.  

Participation in the MLS FIG during the first year. 

 English 200 “Scientific Literature and Rhetorik” 

MLS Proseminar I (3h; Year 1, fall & spring) 

A faculty-guided research project during the summer 

and into the second year.  

MLS Proseminar II (1h; Year 1, summer) 

MLS Proseminar III (1h; Year 2, fall & spring) 

 



MLS Program @ MU:  Assessment 

Internal Program Assessment throughout the program. 

FS09  The 2009 Fellows start 

FS10  The 2010 Fellows start 

SP11  Year-2 External Evaluation {2-days, 2 reviewers}   

FS11  The 2011 Fellows start 

FS12  The 2012 Fellows start  

FS13  The 2013 Fellows start 

SP14  Year-5 External Evaluation {2-days, 2 reviewers}    

We are 

here! 



Proseminar Ia:  Year 1, Fall Semester 

Integrated Topics Course 



Chemical Kinetics:  Chemistry Lab 

MLS Fellows 2009-2010 

Ferroin-Cat., Stirred BZ Reaction 



Chem. Kin.:  Mathematical Simulation 

MLS Fellows 2009-2010 



Proseminar Ib:  Year 1, Spring Semester 

Presentations by Potential Mentors 



Student-Faculty Interactions…                     

                        …formal and informal 

MLS Fellows 2009-2010 



Proseminar III:  Year 2, Fall & Spring 

Research Seminars by Second-Year MLS Fellows 



Proseminar III:   

Year 2, Fall & Spring 

 

 

 

 

Research 

Seminars by 

Second-Year 

MLS Fellows 

 

Syllabus 



Proseminar III:  Year 2, Fall & Spring 

Research Seminars by Second-Year MLS Fellows 

Grading Philosophy 

This emphasis on equal time between presentation and scientific discussion is a 

stratagem of this course. We want open, frank discussion and cross- and 

interdisciplinary brainstorming, exchange and education. Your performance will be 

assessed following this spirit. Your grade in this research seminar will be affected by 

your attendance, your presentation (if any), your peer review performance, and your 

performance as a discussant. This grading scheme reflects a shift from the traditional 

assessment of the speaker to an assessment of members of the learning community. 

 

The “A” needs to be earned:  Start at grade “B+” 

Attendance:  One unexcused absence OK.  Each unexcused absence:  2 steps down. 

Presentation:  Above average by peer review:  1 step up. 

Peer Reviewer Performance:  Assessed by instructor:  1 step up or down. 

Discussant Performance:  Assessed by instructor:  1 step up or down, or neutral. 

 

Details:  http://faculty.missouri.edu/~glaserr/prism/MLS_Syllabus_FS12.pdf 



Rubric-Based Peer Review 1: 

Assess Mathematics & Science Content 



Rubric-Based Peer Review 2: 

Assess Student’s Presentation Skills 



Assessing Prior Knowledge, Recall and Understanding 

Minute Papers:  Classroom Assessment 

Assessing Assessing Prior Knowledge, Recall and Understanding 

1. Background Knowledge Probe   5. Memory Matrix  

2. Focused Listing       6. Minute Paper 

3. Misconception/Preconception Check  7. Muddiest Point  

4. Empty Outlines 

Thomas A. Angelo, K. Patricia Cross, Classroom Assessment Techniques:  A Handbook for College Teachers.  Jossey-

Bass, 2/e, 1993.  Sec. 7 on Techniques for Assessing Course-Related Knowledge and Skills, Item 6 on Minute Paper.  

“The Minute Paper and the Muddiest Point, though extremely simple, 

focus on understanding, a somewhat deeper level of learning than 

simple recall.  By asking students to judge what was clear and what 

was not, or what was most important and what they still have questions 

about, the CATs require learners to engage in simple acts of meta-

recognition, to reflect on and assess their own understanding of the 

content they are learning.” (Angelo and Cross, p.120) 



Peer Review Outcomes:  Scores 

Numbers in Color:  Below 87.5 %; Red:  < 3.5/4.0; Orange:  < 1.75/2.0. 
 

Areas that need more attention:   

Science/Math/Integration,  Materials & Methods,  Free Speech 



Peer Review Outcomes:  Comments 

Numbers in Red considered too low. 
 

Areas that need more attention:   

Scope of written justification of PR scores:  Averages & Min. Values too low!  

Scope of written text in Minute Papers:  Average OK; some Min. Values too low!  



Assessing Prior Knowledge, Recall and Understanding 

Minute Papers Version 2.0 



Evolving Implementation 

Formalize the Minute Paper  

In future, we will use a handout with description of expectations.  

 

Inform Students About Previous Outcomes  

Sharing assessment data from previous seminars with current students will clarify 

student expectations.  (Example:  Improve word counts of written comments).   

 

Math/Science Integration & Faculty Development   

Research seminar instructor meets every student before & after (s)he presents in the 

seminar; this guidance is of some value.  To really advance this aspect requires faculty 

development.  As a first step in this direction, we aim to increase the participation of 

mentors in the seminars of their students.    

 

Scientific Communication in the Disciplines 

Formal instruction in scientific communication is essential.  The number of units of formal 

instruction on the science process and scientific writing will be increased.     



Program Outcomes:  2nd Year MLS 

5. Tell me what you enjoyed about your second-year in the MLS program.  

(From 2011-2012 Annual Report) 

 I enjoyed most when we got into a discussion and it was well-mediated so 

that we could have an intelligent respectful debate. I always learned from what 

other people had to say and my own beliefs were challenged so that I had to 

defend them or change them.  

 I really enjoyed the fact that the students got to really direct the proseminar 

course for the second-year of the program, students selected topics they 

wanted to discuss and also focused heavily on presenting their own research.  

 Meeting with other students that have similar interests. Directing 

presentations and discussions towards subject of our choosing, like during Pi 

Day.  

 Having a research opportunity available to me. 



Program Outcomes:  2nd Year MLS 

5. Tell me what you enjoyed about your second-year in the MLS program.  

(From 2011-2012 Annual Report) 

 Being able to keep in touch with the mentors and students as well as seeing how the 

projects of each student was progressing.  

 The conversations our courses generated.  

 The ongoing support of the program and getting to learn about new and continuing 

research going on within the program was a great opportunity.  

 Listening and learning about other fellows’ research, even though mine was done.  

 I enjoyed seeing the other MLS fellows who are in my classes and having a group to 

turn to for questions concerning classes, research, pre-med, etc. 

 I liked being in contact with people from other disciplines and discussing scientific 

things with them. It breaks the science people out of their bubble to hear from me as 

well. I am thankful for the relationship with faculty because they are reputable people 

that I could use for letters of recommendation when I am applying for teaching jobs.  

  



Program Outcomes:  MLS Program 

6.  Please indicate the extent to which you agree with each of the following 

statements based on your experiences with the MLS program.  (Summer 2012) 

 



Program Outcomes:  MLS Program 

6. How has the MLS program helped you see the connections between 

mathematics and the life sciences? (From Summer 2012 Assessment) 

 

“In every way possible, it has.”  

“Yes, infinitely more. My career definitely will be somewhere in this field and I 

look forward to it.”  

“Yes, MLS made that connection very clear through the proseminars.”  

“I mainly saw the connections with the research because you can research 

anything biology-related but you need math to make sense out of your data.”  

“I see how big of an impact using models in areas of the life sciences is. Math is 

a way to examine small parts of the life sciences and to quantify it.”  



Progress to Research Publication 

JPCA paper … 

Published  

online 

8/9/12 



Progress to Research Publication 

JCE paper … 

To be 

submitted 

July ‘13 

H2O  ⇄  H+ + OH-,  Kw  (eq. 1)   

H2A  ⇄  H+ + HA-,  Ka1,1  (eq. 2)   

HA-  ⇄  H+ + A2-,  Ka1,2  (eq. 3)   

HB  ⇄  H+ + B-,  Ka2  (eq. 4)   



Conclusion  

6. How has the MLS program helped you see the connections between 

mathematics and the life sciences? (From Summer 2012 Assessment) 

“In every way possible, it has.”  


