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Early Career

  
        Getting Your Hands Dirty: Teaching Math Biology with Active Learning Strategies

      Adrian Lam

  
    
      Nowadays, mathematical and computational methods are ubiquitous in many areas of biological research, such as genomics, ecology, evolutionary biology, neuroscience, and systems biology, to name a few. It is therefore important to introduce students to the interdisciplinary field of mathematical biology at an early stage, typically during their freshman or sophomore years. It is no surprise that an increasing number of universities are recognizing the importance of mathematical biology and integrating it into their undergraduate curriculum. The integration of mathematics and biology opens a world of possibilities for students to explore various biological phenomena using quantitative techniques. By grounding the mathematical concepts in real-life biological scenarios, students also gain a deeper appreciation for the role of mathematics in shaping their understanding of the living world.

      I am an associate professor at the department of mathematics at OSU. My research interest lies in the analysis of partial differential equations. I have worked on systems of reaction-diffusion equations and free-boundary problems which are inspired by applications in biology. I have had the pleasure of teaching and advising students in the math bio track since I joined the faculty at the Ohio State University in 2014. In this article, I aim to share some of my personal experiences with teaching the course Introduction to Mathematical Biology with my colleague Avner Friedman (founding director of Mathematical Biosciences Institute) since 2018. While coteaching mathematical biology can be quite different from teaching other more traditional mathematics courses, in terms of the syllabus, audience, and teaching goals, it also offers ample opportunities to apply active learning techniques. Here, I would like to share some of our recent experiences and personal take-aways in interacting with our students.

      One of the major differences in teaching mathematical biology compared to traditional mathematics courses lies in the scope and emphasis of the syllabus. In a math biology course, it is crucial to provide students with a thorough understanding of the biological context behind mathematical models. Traditional applied math courses may mention motivation briefly before diving into theorems and proofs. However, in a math biology class, the goal is to establish a strong connection between mathematical methods and their applicability to biological problems. Rigorous proofs are still valuable but take a back seat to explaining the biological rationale behind the models.

      Another significant difference is the audience in a math biology course. Many students who enroll in this course do not major in mathematics. While they can be bright individuals (many of whom are premed students), they often find mathematical concepts challenging to grasp or even intimidating. As instructors, building rapport with such students and ensuring effective communication can be a challenging but rewarding task.

      The traditional way of teaching mathematics involves presenting the subject logically, defining precise mathematical objects, deriving results, and providing examples of alternative solution methods. After that, students can work on problem sets independently to improve their familiarity with the techniques. For a math biology class, however, there are opportunities to apply active learning methods and dedicate more time to inquiry- and problem-based labs.

      To foster a more interactive and engaging learning environment, we structured our course into weekly modules. Each week, we introduce a mathematical method alongside one or more biological motivations for its use. For instance, for the module focused on epidemiology in week 6, we introduce the SIR (Susceptible-Infected-Recovered) model, which is a set of ordinary differential equations depicting the transition of the overall infection status among members of a population. Given that most students were affected by the COVID-19 pandemic, lively discussions ensued when exploring how to incorporate real-world details into the model, such as how to incorporate an asymptomatic period in the SIR model before an infected individual becomes symptomatic and can be detected.

      In addition to theoretical discussions, we emphasize numerical computation during our teaching. This approach allows students to witness how models work and how to interpret results in a biological context. For example, while covering birth-death processes, we immediately used laptops to compute the survival probability of right whales in the North Atlantic from given data based on the work of Caswell et al. [Caswell, Fujiwara, and Brault, PNAS, 1999]. This exercise illustrated how small changes in birth rates can significantly impact the outcome.

      Numerical computation not only provides students with a practical understanding of mathematical models but also equips them with valuable computational skills that are increasingly essential in modern biology. In today’s data-driven scientific landscape, the ability to analyze data and simulate models computationally is critical for making informed decisions and conducting cutting-edge research. To further enhance students’ programming skills, our course includes a hands-on computing component primarily using MATLAB. On Fridays, the lecture shifts to a laboratory section with weekly programming assignments. These assignments are individual small projects based on classroom demonstrations. Students are not expected to prove theorems but rather to utilize MATLAB to compute the model with given parameters. Our goal is for them to engage in practical problem-solving using mathematical tools. During the lab, we demonstrate how to translate a biological problem into a mathematical model and guide students on numerically computing and presenting results accurately. The students then work on their assignments on their own computers, and this setting provides ample opportunities for personal interaction. We debug code together, discuss code rationale and purpose, and explore effective presentation and interpretation of results. The numerical assignments take the form of short reports, where students are expected to present and explain the numerical results in terms of how they address the biological question. This setup empowers students to experience real-world problem-solving and leaves them feeling accomplished and knowledgeable.

      The course culminates in a final project, spanning four to six weeks. In small groups, students are assigned concrete biological problems along with small data sets. Their first task is to research the biological background to identify where mathematics could be helpful in providing answers. The second step is to select an appropriate mathematical model that represents the relevant biological process. The final step is to use mathematical theories and computational methods in order to fit the model and derive predictions from the model. The choice of model includes those discussed in the course, but students are not limited to them. This part of the course actively involves students in the scientific process of applying mathematical theory to solve biological problems. Regular meetings with the instructor in and outside of class offer opportunities for progress updates and feedback. During the final two weeks of the semester, the groups take turns presenting their findings to their peers. Here, the various groups take the podium and teach their peers about the biological problem, explain their rationale for mathematical model selection, and showcase their analytical and numerical results. With adequate feedback, most groups successfully complete their projects, providing students with a taste of scientific research in the context of mathematical biology.

      As an instructor, teaching this course is a refreshing experience due to the flexibility it offers in content selection. This allows the instructor to include current research topics or address emerging environmental issues like the transmission of COVID-19 or global climate change. Moreover, modeling biological phenomena provides an open-ended inquiry experience that does not carry a single correct answer and demands a different set of skills than those required for solving well-defined mathematical problems. I am delighted by the quality of questions I receive from students, and the course fosters extensive discussions concerning the relation of mathematical models to specific biological situations. The final group project provides an opportunity for me as the instructor to meet with small groups of students outside of regular lectures. While working on their projects, students share with me their reasons for taking the course and their long-term goals. While many took this course to fulfill the math biology track requirements, I am surprised that a large number of them took this course purely out of curiosity. Since a substantial number of them are planning to further their education in medicine and biology, I hope that this experience can train them to think critically as well as quantitatively. Also, this personalized interaction allows me to get to know my students on a deeper level. In fact, I am working with a group of particularly successful students to write up their project findings for submission to a journal dedicated to undergraduate research.

      In conclusion, teaching mathematical biology with hands-on, computational component has proven to be effective in enhancing student engagement and understanding. Problem-based labs and projects offer students the skills and experiences needed to use mathematics effectively, which can be challenging to teach using lecture-style approaches. Additionally, these methods promote communication between math faculty and students. By grounding mathematical concepts in real-life biological scenarios, students gain a deeper appreciation for the significance of mathematics in modern biology. As the field continues to evolve, these courses play a pivotal role in shaping the next generation of biologists equipped with quantitative expertise and problem-solving skills.
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