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Marc L. Serre, Assistant Professor
Department of Environmental Sciences and Engineering

Teaching Philosophy

The ESE department is characterized by the large size of its faculty and a scientific breath that encompasses a wide range of expertise.  Within this department I have an interdisciplinary research and teaching interest that is rooted in the interaction between the environmental modeling (EM), the environmental engineering (EE), and the exposure assessment and control (EAC) focus groups, and their interaction with public health, risk assessment and epidemiology.  As a result my teaching interests are to provide students with a strong expertise in space/time environmental modeling (particularly using Geostatistics, GIS, and surface water hydraulics), and to teach them the skills needed to implement the concepts they have learned to a wide variety of interdisciplinary public health applications encompassing environmental hydrology, exposure mapping, environmental epidemiology, risk assessment and disease mapping.
My teaching philosophy is to challenge the students intellectually so they learn and retain concepts for their long term academic and professional career rather than using tools as a black box, and to provide the students with technical skills so that they can implement these concepts directly on their research or on real-world applications that make them competitive within the market force they wish to enter.  I strive to apply this philosophy by adhering to the following four goals in the courses I teach:  
(1) to constantly update the content of the courses with the latest scientific advances in the field.  This effort has lead to the publication in 2002 of a textbook I co-authored on Temporal GIS which strengthens the course content by exposing the student to a mathematical modeling framework that is the most up-to-date available. Furthermore I complement this textbook with a rich set of lecture notes that I update yearly.  
(2) to emphasize fundamental concepts that the students will retain long after taking the course, rather than recipes to use tools as black box which would rapidly become irrelevant as tools become obsolete.  A large part of my effort toward this goal is to provide a sound introduction to basic calculus and random variables, and use that to systematically build a rigorous mathematical framework for space/time random fields and modern Geostatistics that provide the students with a holistic understanding of the concepts underlying the course, without any gap of knowledge.  
(3) to expose the student to advanced software (e.g. ArcGIS©) and computer programming (e.g. MATLAB, BMElib) so that they gain the technical skills necessary to implement the concepts they have learned.  This is achieved by providing tutorials, computer labs, and individual training as needed for each student. And finally 
(4) to challenge the students with regular homework assignments that test their understanding of the concepts taught in the class and their application on real world interdisciplinary case studies.  This is done using a steady stream of assignments that are due regularly (sometimes almost once a week), preventing the students from “falling behind”, and forcing them to integrate concepts with technical implementation on an individual research project they progressively build through the homework assignments and ultimately lead to a capstone experience consisting of the student final project.
The internet is becoming an integral part of the learning environment that the students need to become familiar with and master for their career beyond the ESE department.  My philosophy has therefore evolved to actively include the internet in the courses that I teach.  I accomplish this by maintaining a course website throughout the semester which the students use to (a) download and read complete notes for each lecture before they come to class, (b) get their weekly homework assignments, and (c) get links to resources that they need to use to complete their homework assignments and to research information and data for their final project (d) develop and maintain a website for the BMElib numerical package used by students in the class as well as by users worldwide.  Maintaining a class website has been a lot of work but I have found it rewarding as it has resulted in timely delivery of lecture notes and assignments, and allowed to make my teaching available to students outside of the classroom, both at UNC and beyond.
While in-class activities represent the classical part of my teaching, another important component of teaching are out-of-class activities such as advising my students and chairing their thesis or dissertation, as well as educating other students interested in the interdisciplinary applications of the space/time modeling framework and tools for which I can provide expertise.  I see these sorts of out-of-class teaching activities as a contribution that I can provide to the ESE department due to my modeling expertise and keen interest in its interdisciplinary application, and as a result my philosophy has been an open door policy to any students that is seeking help.  These include of course my own students, but also a growing number of students from other faculty in ESE, as well as outside ESE (including students in Epidemiology, City and Regional Planning, and from outside institutions such as NIEHS or universities such as Penn States or the University Catholique de Louvain in Belgium, to just name a few representative examples).  I have found that the textbook I co-authored, the up-to-date lecture notes I post on my class websites, and the BMElib website I maintain allow me to efficiently serve these students outside of the classroom.  While the number of students I have helped in these manners is too long to list, a representative subset consist of the 8 students listed below in “Student Advising” section as ESE student advised on research only.  These are all students from other ESE faculty to whom I provided outside of the classroom teaching which has lead to papers under preparation that we hope to submit soon for publication.

Teaching Responsibility & Course Development
During 2000-2002 while working as Research Assistant Professor in the ESE department I had the privilege to be involved in courses taught by Dr. Christakos.  I was responsible for developing and delivering selected lectures and homework assignments for the following courses: ENVR 161 Geostatistics for Spatial/Temporal Environmental Phenomena, ENVR 162 Random Field Modeling of Physical Processes and ENVR 277  Stochastic Environmental Health Modeling.  This experience was very instructive as it allowed me to witness Dr. Christakos excellent lecturer skills and teaching style, particularly in communicating both concepts and quantitative methods.  This allowed me to start thinking about the course content and style of teaching that I wanted to develop.
Following my start on the tenure track as an Assistant professor in September 2002, I developed a vision of the courses I wanted to teach in the ESE department.  This vision was largely shaped through very valuable interactions with faculty in the environmental modeling (EM), the environmental engineering (EE), and the exposure assessment and control (EAC) focus groups.  Out of this vision were born the ENVR167 Advanced Functions of temporal GIS course that I teach in the fall, the ENVR275: Model-based exposure mapping and risk assessment course that I co-teach with Dr. Christakos in the Spring, and additional ideas to better integrate these courses with others in ESE, as explained later.
ENVR167 Advanced Functions of temporal GIS is a course that I have now been teaching for 3 years, in the falls of 2002, 2003 and 2004.  Fall of 2002 was the first edition of this course during which I shared equally the teaching load with Dr. Christakos, and started the process of developing content from our newly published Temporal GIS book used as the required text during classes.  I improved the course in Fall 2003 by adding a rich set of lecture notes complementing the textbook, as well as an initial set of pretty involved homework assignments.  I then took advantage of the feedback from students and benefited from some very fruitful meetings of the EE focus group over the summer (2004) to further evolve the content and delivery of this course for the current semester (fall 2004).  Notable changes to this year edition are the addition of a whole 5 weeks of ArcGIS© that the students where particularly keen of seeing integrated in the course, as well as a new emphasis towards better serving students enrolled in the MSEE degree achieved by focusing the course more on real world applications.  This seems to have paid off as the enrollment increased this year to 13 students, and I believe this course has probably reached maturity (but this will depend strongly on the evaluations that the students will soon return at the end of this fall).
While ENVR167 Advanced Functions of temporal GIS introduces the students to the conceptual framework of space/time estimation and the use of software (ArcGIS©) and computer programming (MATLAB / BMElib) to implement these concepts on real world applications, ENVR275: Model-based exposure mapping and risk assessment is a course that I co-teach with Dr. Christakos in the Springs to extend these concepts to exposure mapping in the environmental epidemiology and risk assessment context.  I have found that teaching a course together with another faculty is a tremendous opportunity for a better integration of curriculum within the department, and I wish to continue this arrangement for this course.  We have taught this course twice (spring of 2002 and 2004), and during the last edition of this course in spring 2004 I substantially updated the content of the course with respect to providing a holistic treatment of risk assessment over space and time.  While this aspect of the course is now quite acceptable, I feel that the course content may still evolve, in particular to better bridge this course with environmental epidemiology.
An additional course that I am starting to be more involved with is the ENVR 104 course, for which I provided a guest lecture last semester, and for which I am preparing to co-teach a whole module on Uncertainty next semester (spring 2005) with Dr. Christakos.

As already mentioned above in the “Teaching Philosophy” section, another important component of course development for me has been to create and maintain a website for each of the courses I am teaching.  These websites provide access to all the lecture notes I have developed, and they are listed from my homepage in the ESE department.  I have found these course websites to be very helpful for my out-of-class teaching activities, as was the case for example with a student from Penn State University who used the ENVR 167 website to audit this course in the fall of 2003.
My future plans are the following:  I plan to continue teaching ENVR 167 every fall as a sort of main staple and applied course in space/time modeling targeted to environmental modeling and engineering students.  Additionally I plan to continue teaching ENVR 275 with Dr. Christakos and I see in this course a great opportunity to add content targeted at students in the exposure assessment and control (EAC) focus group, as well as students interested in health risk assessment, and students from the environmental epidemiology program (in the epidemiology department).  Finally I have interest in developing a course that would integrate surface water hydraulics with aspects of exposure assessment and public health.
Self-evaluation
Teaching students, both in class and out of the class, is the part of my work that I enjoy the most, and I truly feel blessed to have the opportunity to carry on this activity in the ESE department.  So far my experience with teaching has been good, and I believe this is in large part due to the excellent working conditions we have in the ESE department, the cordial atmosphere among faculty, and more importantly the fact that we have a very enjoyable and highly motivated student cohort.  

However I realize that the quality of teaching is largely a function of the effort put in preparing the lectures.  While I feel that after three years of putting efforts in improving ENVR167 I have reached a quality that I can find acceptable, I believe that the ENVR 275 course that I teach with Dr. Christakos still has some great potentials for improvements, notably by seeking a better integration with other courses taught by faculty in the exposure assessment and control (EAC) focus, as well as faculty teaching courses in risk assessment and environmental epidemiology.  I look forward to pursuing efforts in that direction in the future.

A challenge that I need to tackle in order to improve my teaching is to find a way to address the very wide range of quantitative skills among the students.  For example in the Fall of 2002 there was in ENVR 167 a student (from the epidemiology department) who had only ever taken one introductory calculus course (as a freshman undergrad), while another student had a PhD in theoretical mathematics.  My goal is to succeed in presenting challenging material for the all students while at the same time making sure the material is still accessible to the student with the least quantitative skill.  I must admit I still have not found the magic solution to this challenge but I think it is achievable and I will continue to make efforts to address it (such as providing much one-on-one tutoring and introductory background material for students with the least quantitative background).
Another potential pitfall is weak class enrollment.  The enrollment has at time been low (only 4 students in fall 2003), and I believe this was an indication that the course content was perceived as being to specialized.  I have put in a considerable amount of effort to widen the scope of my course so it serves a larger population of students (adding ArcGIS, real-world applications, a host of relevant datasets, etc.).  While this effort seems to be paying off (enrollment was up to 13 students in fall 2004), I am planning to continue this effort by responding to student and faculty suggestions.  As mentioned above, I believe there is a great opportunity for that to happen with the ENVR 275 course so that it attracts more students from the EAC focus group and from the Epidemiology department.
While my teaching has opportunities for improvements, I believe that my strengths are my enthusiasm to teach, the preparation I put in making lecture notes and post them for the students prior to the class, the fairly involved homework assignments I give the students, and my availability to meet with the students out of class and cater the course content to their research interest, particularly by means of the course project where each student defines her/his research question.  In my view probably the best aspect of my teaching style is the level of exposure the student gets in terms of both using existing sophisticated GIS software as well as computer programming to solve a real-world mapping problem.
Schedule of Courses Taught

ENVR 167  Advanced functions of Temporal GIS

Fall 2004 (12 students + 1 audit)
Fall 2003 (4 students + 1 audit from Penn State)

Fall 2002 (7 students) – w/G. Christakos

ENVR 275  Model-based exposure mapping and risk assessment (prior to 2002 the class number was ENVR 201)
Spring 2004 (3 students + 2 audits) - w/ G. Christakos

Spring 2002 (8 students) – w/ G. Christakos

Spring 2001 (4 students + 1 audit)

ENVR 104  
Spring 2004 – One module on Uncertainty (6 lectures) – w/ G. Christakos

Spring 2003 – One lecture

Course Descriptions

A brief description of course background and content for ENVR 167 and ENVR 275 are provided with the course syllabi in Appendix A.  A wealth of additional information is available from the course websites, which links are given in the syllabi.
Student Advising
Student advising is something that is still new to me as I have not had yet a PhD student go through the entire dissertation process.  As a result my philosophy has not developed enough to be fully articulated yet.  Nonetheless it is my impression that in general Masters students will need some guidance in their research, while PhD students need to show independent thinking, i.e. they need to be able to define for a research question what is the state of science available to address this question, propose an approach to address the research question that will advance the state of science, and successfully implement and publish the proposed research.
I currently have six students (four PhD and two Masters) that I am advising, as listed below.  These students are still in the early stages of their studies, the most advanced having a targeted graduation date of 2005 or early 2006.

Current student advisees

Seung-Jae Lee, PhD student

Eric Money, PhD student

Ben Allshouse, PhD student

Tony Sitthichok Puangthonghtub, PhD student

Kristen Hampton, Masters student

Yasukuki Akita, Masters student

Another important group of students that I am involved with are students from other ESE faculty that I help educate on applying space/time modeling to their research topic.  These students are listed next, with the number of papers I am working on with these students.
Students currently advised on research only (with expected papers on the research advised)

Sacoby Wilson, PhD candidate (two papers in preparation)

Audrey De Nazelle, PhD student (one paper in preparation)

Carl Hupert, PhD student (possibly one paper)

Dohyeong Kim, PhD student, City and Regional Planning (two papers in preparation)

Deona Johnson, PhD student (one paper in preparation)

Huina Li, PhD student (one published paper) 

Linlin Wang, Masters students (one paper in preparation)
Hwa-Lung Yu, PhD student (one paper in preparation)

Finally I sit in the thesis and PhD committee of a number of ESE students, listed next

Students committees
Joe LoBuglio, PhD student, in progress
Kimberly Blauth, PhD student, in progress
Yi-chun Evelyn Chao, PhD student, in progress
Tom Gallo, Masters student, in progress
Dale Jobes, Masters student, in progress

Lauren Fleishman, M.S. ESE, 2004

Sally Moncastle, Ph.D. EPID, 2004

Alexandra Zapata, M.S. ESE, 2003

Cheo-Hung Cho, M.S. ESE, 2003

Christy Rivera, M.S., ESE, 2002

Rajah Augustinraj, M.S. ESE, 2002

Rebecca Kauffmann, M.S. ESE, 2002

Scott Durbin, M.S. ESE, 2002

Student evaluation

The ESE department kept track of student evaluations for four courses I taught from Spring 2002 to Spring 2004.  Table 1 and Figure 1 summarize the trend of the normalized rating I received during that period.  The normalized rating for a given semester is simply the rating I obtained on a specific course (on a scale from 1 to 5 where 1 is poor and 5 is excellent) divided by the average rating for all courses taught in the department on the same semester.  Hence a normalized rating lower than one indicates that the student rated this course lower than the departmental average, whereas a normalized rating greater than one indicates a better than average rating.
Table 1:  Student evaluation normalized rating of courses taught by Prof. Serre
	Semester
	Number of Responses
	Objectives and Content
	Quality of Instruction
	Homework Exams & Grades
	Overall Evaluation

	Spring 2002 ENVR 275
(Christakos/Serre)
	7
	0.86
	0.87
	0.82
	0.83

	Fall 2002 ENVR 167
(Serre/Christakos)
	5
	1.07
	1.04
	1.12
	1.14

	Fall 2003 ENVR 167
(Serre)
	2
	1.03
	1.07
	1.07
	1.08

	Spring 2004 ENVR 275
(Christakos/Serre)
	3
	1.16
	1.12
	1.17
	1.17
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Figure 1:  Student evaluation normalized rating of courses taught by Prof. Serre

A discussion is in order because the tabulated data and associated figure are quite misleading.  Whereas a first glance seems to indicate an improvement of student evaluation for the courses I have been teaching, in reality one should be careful in drawing any conclusions.  Fist the number of responses used to calculate the normalized rating is very small (as low as 2).  This means that there is a high level in uncertainty in the data (it should not be trusted), and that there is probably a bias that over-estimates the true rating of the course I have taught (since it is easier to cater to a class of small class size than to a class of large size).  Second, most of the classes rated were co-taught with Dr. Christakos and I believe that my ratings benefited from that.

These considerations indicate that over a longer period and when I will get more student responses, the rating of my teaching quality will probably fall to a more realistic assessment of my teaching ability.  I take these considerations as motivations to (1) make an effort to obtain a more accurate student evaluation in the future, and (2) to improve the quality of my teaching.  Toward the first objective I will seek higher number of student responses and also seek letters from students from past courses, which will improve the accuracy of student evaluation for this teaching portfolio, and help me improve the quality of classes I am teaching in ESE.  
Appendix A

Syllabi for ENVR 167 and ENVR 275

ENVR 167 / ENST 167

Advanced Functions of temporal GIS
Instructor: Marc Serre
Course description: 

The course focuses on the development of advanced functions for field-based Temporal Geographical Information Systems (TGIS).  These fields describe natural, epidemiological, economic, and social phenomena distributed across space and time.  The course will introduce computer programs for GIS, it will provide the space/time concepts and mathematical framework, and it will be dealing with real-world TGIS applications.

The computer programs covered in the class will include ESRI arcGIS version 8.3 for basic GIS work, the MATLAB programming language for high level numerical coding, and the BMElib numerical library of space/time Geostatistical functions written in MATLAB.  No prior programming experience is required in any of these computer programs.  During the class the student will learn to use all arcGIS components (including arcCatalog, arcMap and arcToolBox) in order to query space/time datasets, then s/he will learn to use the BMElib numerical library in MATLAB for exploratory visualization of the data, measurement and modeling of spatiotemporal variability, spatial analysis and estimation, and graphical presentation of maps.  The aim is to prepare students to use these computer programs to analyze their own TGIS dataset.
The concepts and mathematical tools will provide an introduction to spatial statistics and modern spatiotemporal Geostatistics.  No background in Geostatistics is required, as we will start with an introduction of classical methods and statistics.  The concepts covered will include 1) random variables, bivariate pdf, conditional probabilities, 2) variability in space and time and covariance function, 3) spatial and spatiotemporal random fields and 4) spatiotemporal estimation and uncertainty assessment.  The concepts of the Bayesian Maximum Entropy (BME) method will be presented, which provides a powerful framework for space/time mapping, and leads to the classical kriging methods as special cases.  

The applications will consist of real-world mapping TGIS projects.  Using skills acquired in basic GIS (i.e. arcGIS), the students will research a space/time dataset of concern for society, s/he will formulate the space/time mapping problem, and s/he will use concepts and mathematical tools together with the BMElib library of space/time Geostatistics in order to provide a realistic representation of the field over space and time.

Textbook: Christakos, G., P. Bogaert, and M.L. Serre, Temporal GIS: Advanced Functions for Field-Based Applications, Springer-Verlag, New York, N.Y., 217 p., CD ROM included, 2002

Philosophy and grading: The students should learn the concepts, and not use the tools as a black box.  They will be graded on solving conceptual problems rather than just applying the programs. The students will do homework’s, and a project, which will count for the final grade as follow: Homework 50% ,Student-defined project 50%
ENVR275: Model-based exposure mapping and risk assessment: 
Instructor:  :  George Christakos and Marc Serre
Course description: 

This course provides conceptual developments as well as computational lab applications of model-based exposure mapping and risk assessment.  The course starts with an introduction to space/time Geostatistics of environmental monitoring data to create maps representing the distribution of exposure to humans across space and time, and then investigates how the resulting exposure maps can be used for risk assessment using a model-based approach.  

Environmental monitoring data arises when there is a need to evaluate and control the source of exposure to some environmental contaminant, or when there is an interest to model the relationship between exposure and a suspected health effect.  The introduction to space/time Geostatistics covered in this course will allow students to use advanced functions of temporal GIS in order to obtain exposure maps from the monitoring data.  In an epidemiologic context of exposure/health effect analysis, we will see how these maps are useful to provide exposure estimates at the unsampled location and times corresponding to the collected health data.  On the other hand when the exposure/health effect model is known, we will investigate in this class how such a model can be used in conjunction with the exposure maps to arrive at an accurate health risk assessment across space and time, which has interesting policy implications.

The course is organized around 4 main themes: concepts, mathematical framework, computer programs, and applications.  The concepts and mathematical tools will consist in the introduction to space/time Geostatistics (random variables, random fields, space/time variability, covariance modeling, spatial estimation, kriging, and uncertainty assessment) and an overview of advanced functions of Temporal GIS, particularly the Bayesian Maximum Entropy method.  The computer programs and applications will get students familiarized with applications using the TGIS toolbox of advanced functions and the associated library of comprehensive computer programs, BMElib.  The student will learn to use this integrated toolbox for exploratory visualization of the environmental monitoring data, measurement and modeling of spatiotemporal variability, spatial analysis and estimation, and graphical presentation of exposure and risk assessment maps.  The aim of this course is to prepare its participants to use this toolbox and its concepts to analyze their own dataset in the context of exposure mapping and risk assessment.

Textbook: Christakos, G., and D.T. Hristopulos, 1998, Spatiotemporal Environmental Health Modelling: A Tractatus Stochasticus, Kluwer Acad. Publ., Boston, MA, 423 p. 

Philosophy: The students should learn the concepts, and not use the tools as a black box.  They will be graded on solving conceptual problems rather than just applying the programs. 

Philosophy and grading: The students should learn the concepts, and not use the tools as a black box.  They will be graded on solving conceptual problems rather than just applying the programs. The students will do homework’s and an in-class exam, which will count for the final grade as follow: Homework 60% Exam 40% 
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