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Modeling Project Idea
Title: Integrating A Modeling Component into the Biology 120 Course Curriculum

[clear title, but you could be more specific]
Background/Problem Statement:  The professors of the introductory Biology 120 course (Genetics, Ecology, and Evolution) have expressed interest in including systems modeling in the curriculum.  Modeling skills are important for students aiming to pursue careers in the sciences, and can be especially advantageous in work involving the ecological systems, which the course covers extensively.  The task for this project is to build a simulation model that addresses a particular topic presented in Biology 120, and then to develop a short (the length of one lab period or less) exercise/lesson plan that could become part of the course.  As it stands currently, an Oberlin Biology major can graduate without having been exposed to dynamic systems modeling.  This project could serve to provide all Oberlin Biology (and Environmental Studies) students with some modeling experience, or at least expose them to how modeling can be utilized to increase understanding of biological (and other) systems.  We will collaborate as necessary with Ms. Garvin, Mr. Laushman, and/or Ms. Bennett to determine how our modeling project would best fit in with their course.  The audience will be students taking the Biology 120 course (and the professors who will be leading the lesson we create).
[This is a nice clear explanation]
Lesson Objectives: this project aims to demonstrate how modeling can help one to develop a deeper understanding of a system by allowing an exploration of a system on a theoretical basis without having done extensive research or preparation [might want to refine this].  It should help students see how thinking in terms of stocks and flows can be a useful perspective.  We want to create two models for use in this lab period.  The first model we will build for the students and allow them to interact with it to gain a deeper understanding of population dynamics (Lotka-Volterra predator/prey model).  The students will build the second model which will explore the dynamics of k- and r-selected species while teaching them how to build a basic model using STELLA [sounds like a good plan].  We will walk them through the model, which will help them appreciate the utility of systems modeling.  We also hope these modeling exercises will teach the students about the dynamics of feedback and hope to include a portion of the lab where students will be responsible for drawing the associated feedback loops involved (most specifically with the predator prey model).  Finally, we might explore the possibility of finding data on an organism and have the students calibrate the model by changing coefficients [presumably do this as one exercise within the pre-created model].  As of now this we’re not sure if this will work because it involves a slightly deeper understanding of modeling and STELLA and might be more confusion than it’s worth (too much for one lab period).  We hope to talk with the professors and get their opinion on this specific topic.  [perhaps extra credit]
Key state variables, flows, forcing functions (and feedback):

· Lotka-Volterra:
· Stocks: Predator and Prey

· Flows: birth and death of both

· Forcing functions: birth and death rate (predation rate) for predator and prey,  interaction converter between predators and prey

· The feedback in this system represents the classic lynx/hare population fluctuations.  The more hare the more food for the lynx, thus an increase in lynx population.  When the lynx population gets too high, there is too much predation of hares and then their population decreases leading to a corresponding decrease in the lynx population till the hares can recover.  This relationship is one that Bio120 covers in lecture, and it is a concept students are expected to understand.

· Logistic Growth:

· Stock: a population

· Flow: growth of that population

· Forcing Functions: growth rate and carrying capacity of the population.

Responsibilities:

Because this is a heuristic model, it makes most sense for our group to work collaboratively at first such that we all are on the same page about the products we want to produce.  Ultimately we will probably be dividing labor based on the two models we are creating and the associated texts that accompany them.  This will come as we figure out where expertise on the subject lies in the group and the relative interests we have.  Within the next two weeks we aim to have the instructions for the model they are going to build, written up.  For the following week we aim to have the general instructions for varying the second model written up as well as the basic lab structure (format of the lab period).  This timeline will probably vary as we figure out how much work each of these will entail as well as the best order in which to accomplish them.  This model will not require as much literature-based research but will involve collaboration with the professors about the general format of labs and the best way in which to execute them.  We will also definitely have to read more extensively on the two topics to ensure our own understanding.
Annotated Bibliography:

· Raven, Peter H., George B. Johnson, Jonathan B. Lojos, and Susan R. Singer. Biology. 7th ed. 2005.
· This source would provide general background information on the topics (and would be identical to the information the students in the course have immediate access to).
· Chiba, S. 1998. A mathematical model for long-term patterns of evolution: effects of environmental stability and instability on macroevolutionary patterns and mass extinctions. Paleobiology 24: 336-348.
· This source presents a model that deals directly with k- and r-selected species and what habitats they evolve in, and would possibly contribute to the development of a model, were this topic to be selected.
· Thompson, A. B. Simulation of reproductive rate, prey selection and the survival of pelagic fish of the African Great Lakes. Hydrobiologia 407: 207-218.

· This article relates to the project, if the concept of r- and k-selected species is chosen, by presenting another model that examines the differences between the two life history strategies in relation to predation, which seems like it would be useful in developing a Bio120 modeling lesson (the article is relatively complicated to read, but seems like it would still be helpful).
· We also plan to use the ENVS340 curriculum extensively (i.e. models from the assignments we have completed in this course) as a platform for the development of our lesson.

[You might want to identify some readings on modeling for the students – ideally find relevant material in the text book used for 120 – actually this would be a good place to start looking for examples so that you can tie in the reading with the exercise]
This is an excellent proposal.  It is very clear what you intend to do, who the audience is, and what you intend for them to get out of this.  One important consideration is that the folks who would be leading the labs on this are not themselves familiar with STELLA.  So a key product will be materials for faculty and lab TAs as well as for the students.  This model seems both fun and very doable.
JP

Reviews:

#1

The title is good, though it doesn’t mention exactly what the modeling component will be as is described later on in the proposal [good point]. The problem being addressed is a good one and the background describes it, and the usefulness of modeling to solve it, well. The lesson plan makes sense, though I wonder how easily it will fit into one lab period. Will there be an accompanying lecture describing modeling and its usefulness to prepare for the lab [This is a very good point – I think there will have to be and I will have to give it – already talked  with Mary Garvin about this], or will this occur in the first part of the lab period. If the latter, that leaves even less time for actual modeling work. 

The lesson plan is well spelled out and describes what will be done and what will (hopefully) be learned. The choice of the Lotka-Volterra model is a good one. Will students be encouraged to figure out how the model works as well as using it to gain a better understanding of the dynamics it illustrates? I would think it could be useful to have them look at the model itself (rather than just playing with an interface) to get an idea of what is going on behind the scenes before they start on building their own model. The second model is also a good choice since it is fairly simple, and hopefully the students will have already covered r and k selection in lecture. Is there anything in the plan for this model to keep the students from just blowing through the instructions to build it without actually understanding and thinking about what they are doing? [Good question] This is a danger, because obviously the instructions will have to be fairly explicit because they have no prior STELLA experience, but having every step spelled out can make things too mechanical. The key state variables, flows, and forcing functions for these models are well described in the lesson plan.

I wonder if there will be time in the lab to teach the students about feedback loops. If I remember correctly, Bio 120 does not go into feedback loops in the lecture (though ENVS 101 does), so students may not have prior experience with them. If that’s the case, it would be necessary to teach the concept and the way feedback loops work before students can draw the feedback loops associated with these models.
 [good question]
This heuristic model would be useful for the proposed audience (the students), and even for the professors since the professors won’t have to put in the work to create the lesson. It certainly seems feasible to create these heuristic models and lesson plan given the time constraints in this course, though it seems like the lesson plan itself might be a little long for the lab period it is intended for. Will there be any work to do outside of lab, like readings to prepare or a lab write-up? I also wonder how you will determine if your product is understandable enough for Bio 120 students before it gets used in a lab. I imagine it would be hard for anyone with any STELLA experience to tell how comprehensible something like this will be for people without that experience.

Has there been contact with the Bio 120 professors yet? If not, what if they decide they would rather have the modeling lab illustrate some other concepts (not predator-prey or r and k selection)? Is there a particular lab they have in mind to replace with this one, or does this lab need to replicate the concepts in a specific lab with modeling? Overall this is a good proposal. The project looks interesting and well planned, and it shouldn’t be too hard to complete in the allotted time.
[This is a particularly thoughtful review – excellent questions to ponder in developing the exercise!]
#2

Title:

Expresses intent well.

Background and problem statement:

I think you all do a good job of explaining why a heuristic model for BIO120 is important and why this would make a good project. 

Research or Lesson Objectives:

I think you have clear objectives in mind: expose students to a systems-thinking perspective, help them understand the material better, etc. I think it is important to ask what is most important: whether they learn a systems thinking, or whether they learn how to use Stella. Although Stella is a great tool to work with, I don’t think it is entirely necessary and that it may cause more confusion or take up more time than it is worth. Remember that it is not just Stella you want to teach, but the ideas behind Stella—stocks and flows, forcing functions, etc—which can be taught with out the software. I think even drawing it out will help get an idea that would not seem solely applicable to a specific computer program. [Good questions here.  In my view  the objective here is experience rather than expertise – students should come out of the exercise with a sense of how modeling in general is useful.  STELLA skills are irrelevant and only of value in as much as they help students understand modeling concepts.]
State Key Variables:

All these are fine.

General:

This is all entirely feasible and everything. I think you should put a lot of focus on feedback, and try and make that a more important theme. In the case of the BIO120 class, it is not only the specific population models you want them to understand, but the grander idea of systems [yes]. I think the ideas behind systems should be the framework, and then they would work on these instances (population models) through that framework, rather than saying “here are some concepts that we can apply to this situation.” I think that will make the ideas seem more universal, which they are. [Very good comments!]
#3
Your proposal is concise, clear, and structurally adheres to the guidelines set up in the assignment. I think that the model will be a great exercise to engage entry-level science students in the modeling process. Obviously you will be figuring a lot of the logistics and responsibilities out as you progress, so it’s understandable that these weren’t so detailed in the proposal. 

There are a few issues that you should keep in mind as you progress. First off, recall the learning curve that you needed to become familiar with Stella’s software, let alone the mathematical derivations it performs behind the scenes. Having students actually build the models in Stella may prove to be more confusing then helpful, and you may want to focus more on have a user-friendly interface that the students can manipulate [definitely worth thinking about this issue.  I would try building the model either way]. The idea of having them illustrate feedback loops is great, and one I think should be spread throughout the exercise to illustrate the role of feedback in modeling. Also, you want to create a model that has some degree of novelty to it, as compared with the exercises we have already completed this year, so you might want to branch away from simple Lotka-Volterra and Logistic Growth to something more interesting/relevant to the core curriculum of Bio 120. [I’m not certain novelty is critical.  Seems to me that the most critical aspect is to keep this simple enough that students emerge with a good general sense of the value and perhaps the limitation of modeling.]
All in all this is a feasible, well written proposal that has the potential to turn into a useful and interesting heuristic tool for engaging beginning scientists in modeling. Nice work.
[Good thoughts.
