Data and Information:  Quantitative Ecology 

Program Description, Fall 2006 – 2007

Many sciences, including ecology, are data driven and scientists spend much time searching for information on the web, collecting data in the field, analyzing data, and comparing their own data with data collected by others.  In addition, the falling cost of computing and increasing availability of scientific software have placed increasingly powerful computing onto the scientist’s desktop.  These two factors increase the relevance of computer science to the physical and natural sciences. This program brought together students in ecology, computer science, and mathematics around a real world case study; we explored how modern computing might help scientists find, organize, analyze, and disseminate data and information.   
Introduction to Programming in Python.   This part of the program covered the fundamental concepts of algorithms and data types using Python. Students explored imperative, object-oriented, and functional styles of programming.  In the laboratory, they worked alone and in groups to develop skills in design, coding, debugging and testing programs; they also worked at decomposing problems into simpler parts.  On the exams, they were required to read programs and determine what they would do, as well as to modify existing programs.  They were required to comment their code and maintain simplicity.  Topics included recursion, iteration, lists, associative arrays, string manipulation, class hierarchy, and file I/O.  Text: Timothy Budd, Exploring Python.
Introduction to Statistics. The statistics component covered basic concepts of statistical analysis and how to apply them to practical problems and interpret quantitative and qualitative data. Topics included normal approximation, correlation, regression, and chi-square.  Students applied these skills using either R or Python to a project that also required an understanding of how to design statistical experiments.  Homework required students to find flaws in a statistical argument.  Text:  David Freedman, Robert Pisani, Roger Purves:  Statistics
Case Study in Ecological Informatics.    In this part of the program, students applied programming and statistics to data analysis for a major ecological case study – a 1000 year chronosequence (1kcs) of eight Pacific Northwest forests that ranged in age from 50 to 950 years. Objectives of the study and of this part of the program were to understand the structure of the forest canopy over time, both for individual trees and forested sites.  Secondary objectives were to study relationships between forest structure and forest function (e.g., interception of atmospheric nutrients, maintenance of biodiversity). Topics included human-factors aspects of scientific information, descriptive data analyses (distribution, measures of central tendency, correlation of key variables by species), species diversity, and data visualization.  Students worked in teams of two or more to complete weekly laboratory assignments, attended a weekly lecture, and participated in a field trip where they took field measurements that were compared to those taken by scientists. Readings included: Tufte:  The Visual Display of Quantitative Information and Visual & Statistical Thinking, and selected articles on forest ecology.
Project: Students applied programming and statistics to some real world problem, in most cases inspired by the case study.  Students proposed projects and organized into teams of two to six persons.  They published their proposals on the program web site, presented their work orally to the class, and wrote written project reports.
The History and Philosophy of Data-Driven Science (Seminar).  The program seminar explored the changing role of data and information in science. While the science of focus in the rest of the program was ecology, seminar addressed the other natural and physical sciences as well as the interplay between science, scientists, and the socio-political realm.  In addition to learning about science, seminar also aimed to improve students’ oral and written communication skills, and to improve reading and critical reasoning ability.  Required reading included: selected readings by Aristotle, Daniel Headrick’s, Knowledge in the Age of Reason and Revolution, Kuhn’s The Structure of Scientific Revolutions, Fleck’s Genesis and Development of a Scientific Fact, Fortun and Bernstein’s Muddling Through, and Suzuki, Grady, and Bateman’s Tree: A Life Story. Students demonstrated their understanding of the material in weekly discussions, written weekly reflections, and three papers.  

