
 

 

Tufts University, Friedman School of Nutrition Science and Policy 
 

NUTR 0394: Advanced Data Analysis 
Fall 2016 

 
Class Meetings: Mondays, 4:30 - 7:15pm, Room 155, Jaharis Building, Boston  

 
Instructor(s): Elena N. Naumova, PhD., Professor (elena.naumova@tufts.edu) 
Office hours:  By appointment (in person) 
 
Graduate Credits: 1 credit 

Prerequisites: Students should have basic working knowledge of statistical methods in environmental 
and/or nutrition research and epidemiology. Recommended courses that cover those topics include: 
Statistical Methods for Nutrition Research I and II (NUTR 206/309) or Statistical Methods in Nutrition 
Research and Regression Analysis for Nutrition Policy (NUTR 207/NUTR 307) or equivalent.  Ability to 
analyze data by use of R is preferable, but students may utilize other statistical programs as long as those 
programs are sufficient for the analysis that is proposed. 

Course Description: This project-based course capitalizes on student interests to formulate research 
questions with understanding of data limitations, conduct multi staged data analysis, and select proper 
data visualization and graphical representation tools. Students will learn advanced modern analytical tools 
and techniques essential for analysis in a variety of disciplines such as Climate, Environment, Nutrition and 
Health applications (knowledge of only one of these disciplines. This course also covers research design, the 
scientific method, data quality and validity, data management, and research ethics in data analysis.  
Students should attempt to identify data sets relevant to their specific interests prior to the course. 
Instructor will approve data set suitability. If students cannot identify appropriate datasets, the instructor 
will provide a dataset. 
 
Course Objectives: 

a. Outcomes Addressed by the Course: 

 Identify, formulate, and solve analytical problems 

 Demonstrate the knowledge of contemporary issues relevant to data analyses 

 Use techniques, skills, and modern analytical tools necessary for Climate, Environment and 
Health applications 

 
             b. Specific Outcomes of Instruction: 

 Learn how to formulate research hypotheses. 

 Learn how to justify selected research hypotheses with the proper evidence support. 

 Understand and learn how to prepare data for advanced analyses. 

 Learn how to design a data flow for testing multiple research hypotheses. 

 Learn how to perform intermediate statistical/analytical techniques. 

 Become competent in the use of standard analytical tools (e.g., software programs) to test 
statistical hypotheses and interpret results. 

 Understand the principles of research ethics and be able to conduct responsible data 
analysis. 

 Obtain knowledge of and articulate underlying principles of data analysis in application to 
Climate, Environment, Nutrition and Health.  

 
Texts or Materials: a. Textbook: chapters from P. Huber “Data Analysis” Wiley. 2011 

 b. Lecture Notes: e-mailed and posted on the course web site (Trunk) as pdf files  



  c. Software and Handouts: e-mailed and posted on the course web site (Trunk).  
 
Academic Conduct:  Each student is responsible for upholding the highest standards of academic integrity, 

as specified in the Friedman School’s Policies and Procedures manual 
(http://nutrition.tufts.edu/student/documents) and Tufts University policies 
(http://students.tufts.edu/student-affairs/student-life-policies/academic-integrity-policy). It is the 
responsibility of each student to understand and comply with these standards, as violations will be 
sanctioned by penalties ranging from failure on an assignment and the course to dismissal from 
the school.  
 

Classroom Conduct:  Students are expected to attend all classes. The content of the course is unique and 
the schedule is dense. Missing more than one or two classes per semester will usually result in 
substantial underperformance. Students are also expected to read all assigned materials before 
class and come prepared to participate in class discussions and group activities. 

                

Assessment and Grading:  Course project (33% of the grade):  Project topics should be unique and 
approved by the instructor(s). The final report is expected to be a draft of a paper for scientific 
publication. In-class presentation (33% of the grade): The content of the project will be presented 
in class at the end of the semester. 

 Group activities (34% of the grade): Students are expected to be the principal investigator (PI) for 
their project and to collaborate with other students in the role of collaborator and reviewer. During 
class, students will participate in group activities in the roles of PI, Collaborator, and Reviewer to 
provide self-assessment and peer-assessment of their course projects.    

 
Assignments and Submission Instructions:  Assignments received after their deadline will be penalized by 

a 20% grade reduction for the first 24 hours and 50% for the next 24 hours. Late submission will 
not be accepted or graded if late more than 48 hours. Students who are unable to complete an 
assignment on time for any reason should notify the instructor by email prior to the deadline, with 
a brief explanation for why the extension is needed.  

 
Accommodation of Disabilities:  Tufts University is committed to providing equal access and support to all 

students through the provision of reasonable accommodations so that each student may access 
their curricula and achieve their personal and academic potential.  If you have a disability that 
requires reasonable accommodations please contact the Friedman School Assistant Dean of 
Student Affairs at 617-636-6719 to make arrangements for determination of appropriate 
accommodations.  Please be aware that accommodations cannot be enacted retroactively, making 
timeliness a critical aspect for their provision. 

  

Course Schedule:    
* This schedule is subject to modification at the instructor’s discretion.  
 

Week # Topic Assignments 

#1 Sep. 7 Introduction to Environmental Informatics  

#2 Sep. 14 Research Hypotheses formulation Abstract (300 words). 

#3 Sep. 21 Scientific method. Prepare data for analyses 
Revised abstract. 
Research hypothesis  (  ̴50 words). 
Statistical hypotheses (  ̴50 words). 

#4 Sep. 28 Underlying principles of data analysis Abstract for a future study. 

#5 Oct. 5 
Statistical principles for assessment of 
associations 

Methods section. 

#6 Oct. 12 Evolution of modeling 
Final abstract for a future study. 
Sample plots. 

#7 Oct. 19 Build and diagnose statistical models – part 1 
Analytical plan that is aligned with 
statistical hypothesis.  
Summary tables that describe the study. 

http://nutrition.tufts.edu/student/documents
http://students.tufts.edu/student-affairs/student-life-policies/academic-integrity-policy


#8 Oct. 26 Build and diagnose statistical models – part 2 Results section.  

#9 Nov. 2 Build and diagnose statistical models – part 3 
Paper review.  
Results section. 
Abstract for a conference. 

#10 Nov. 9 Build and diagnose statistical models – part 4 Introduction section. 

#11 Nov. 16 Present and communicate results – part 1 Discussion section. 

#12 Nov. 30 Present and communicate results – part 2 
Outline of presentation.  
Paper draft. 

#13 Dec. 7 Presentations  

#14 Dec. 14  Final paper due. 

 
Course Topics, Learning Objectives and Assignments 
 

* This schedule is subject to modification at the instructor’s discretion.  
 

*** 
 
Week 1:   

Introduction to Environmental Informatics. Overview of course objectives, individual projects, and 
group activities.    

 
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Define and explain the main concepts of Environmental/Health/Nutrition Informatics.  
2) Understand and assume the role of PI, collaborator, and reviewer for individual research 

projects. 
 
Preparation for class:   
 This is a project-based class. Students should be prepared to discuss their project, available data, 
and expectations for the class. 

 
 
Assignments for this week:   
  Complete reading assignment prior to class. Reading assignment will be posted in Trunk. 
Reading assignment: Andrienko, N. & Andrienko, G. (2006). Chapter 1. Introduction. In Exploratory analysis 
of spatial and temporal data: a systematic approach. Berlin: Springer-Verlag. 
 

*** 
 
Week 2:   

Research Hypotheses formulation  
 
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Formulate basic research hypotheses 
2) Justify hypotheses with the proper evidence  
3) Understand the main concepts of research design 

 
Preparation for class:   
 Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk.  
Reading assignment: Hall, J., Tickle-Degnen, L., Rosenthal, R., & Mosteller, F. (1994). Hypotheses and 
problems in research synthesis. In Cooper H. & Hedges L. (Eds.), The Handbook of Research Synthesis. 
Russell Sage Foundation.   



 
Assignments for this week:   
 Prepare an abstract (300 words) for the semester-long research project. 
 

*** 
 
Week 3:   

Scientific method. Prepare data for analyses.  
 
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Prepare data for statistical analyses 
2) Understand the main concepts of the scientific method 
3) Understand common mistakes in applying the scientific method 

 
Preparation for class:   
 Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Breiman, L. (2001). Statistical Modeling: The Two Cultures (with comments and a 
rejoinder by the author). Statist. Sci. 16 

 
Assignments for this week:   
 Edit abstract to incorporate topics discussed in class.  
 Formulate a research hypothesis (~50 words), and statistical hypotheses (~50 words) 
 

*** 
 
Week 4:   

Underlying principles of data analysis.  
 
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Articulate underlying principles of data analysis 
2) Describe data sources and data limitations 
3) Understand differences between association and causation 
4) Understand differences between conceptual, descriptive, and predictive models.  

 
Preparation for class:   

Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Seltman, H.J. (2012). Chapter 4. Exploratory Data Analysis. In Experimental Design 
and Analysis. Carnegie Mellon University, Pittsburgh, PA 
 
Assignments for this week:   
 Prepare an abstract for a future study. Abstract should include elements of methodology to be 
used, and anticipated results. 
 

*** 
 
Week 5:   

Statistical principles for assessment of associations   
  
Learning objectives:   



 Upon completion of this week, students will be able to: 
1) Perform statistical tests and techniques 
2) Conduct a critical review of results and their interpretation 
3) Understand effects of outliers, misspecification, detection limits, and non-random missingness 
4) Select relevant measures of association (parametric and non-parametric) between two random 
variables  

 
Preparation for class:   
 Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Rodgers, J., & Nicewander, W. (1988). Thirteen Ways to Look at the Correlation 
Coefficient. The American Statistician, 42(1), 59-66. 
 
Assignments for this week:   
 Method section: describe data sources.  

Find 3-5 references that support the selection of testing methods, clarify your design and data 
sources. 
Find 3-5 references that support the hypothesized associations.  

 
*** 

 
Week 6:   

Evolution of modeling.  
  
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Understand the evolution of statistical modeling 
2) Define terminology relevant to statistical modeling: model, parameter, estimate, statistic 
3) Conduct the two first steps required for statistical modeling: model formulation and model 
specification 
4) Perform exploratory data analysis (EDA)  

 
Preparation for class:   
 Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Ludbrook, J. (2002). Statistical techniques for comparing measurers and 
measurements: a critical review. Clin. Exp. Pharmacol. Physiol. 29, 527–536. 
 
Assignments for this week:   

Generate sample plots depicting associations under study.  
Final abstract for a future study due this week. 
  

*** 
 
Week 7:   

Build and diagnose basic statistical models – part 1  
  
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Build basic statistical models 
2) Test research hypothesis 
3) Conduct potential expansions of a simple linear regression model 
4) Understand important diagnostic procedures for simple linear regression, including model 



assessment and model sensitivity  
 
Preparation for class:   

Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Dobson, A.J. (2002). An introduction to generalized linear models. 2nd ed. New York: 
Chapman & Hall 
 
Assignments for this week:   

Methods section: align analytical plan with statistical hypothesis.  
Begin the results section of the study. Create summary tables that describe the study, sample plots 
depicting associations under study, and sample tables depicting the results of hypothesis testing.  

 
*** 

 
Week 8:   

Build and diagnose basic statistical models – part 2 
  
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Understand concepts of direct and indirect effects of environmental exposures. 
2) Understand the basics of dose-response relationships, temporal fluctuations, and spatial 
distributions 

 
Preparation for class:   

Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Rezaeian, M., Dunn, G., St Leger, S., Appleby, L. (2007). Geographical epidemiology, 
spatial analysis and geographical information systems: a multidisciplinary glossary. J. Epidemiol. 
Community Health. 61:98–102. 
 
Assignments for this week:   
 Continue to work on the results section of the study.    
 

*** 
 
Week 9:   

Build and diagnose basic statistical models – part 3 
  
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Use effective figures to visualize results. 
2) Understand research ethics of data sharing. 
3) Identify potential scientific journals for future paper. 
4) Fit, estimate and interpret regression models. 

 
Preparation for class:   

Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Gijbels, I., Prosdocimi, I. (2010). Loess. Wiley Interdiscip Rev Comput Stat 2:590–599. 
 
Assignments for this week:   

Finish the results section of the study.  



Review a paper relevant to your study. 
Conference abstract due this week.   

 
*** 

 
Week 10:   

Build and diagnose basic statistical models – part 4 
  
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Critique visual representations of results and suggest future analysis. 
2) Identify and draft components of an effective introduction of a scientific paper. 
3) Understand key regression model concepts: substitution, intervention, prevention, and 
classification. 
4) Implement model diagnostics (Pearson residuals, deviance residuals, deviance goodness-of-fit 
tests, and special cases of overdispersion and underdispersion) 

 
Preparation for class:   

Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Streiner, D.L. (2015). Best (but oft-forgotten) practices: the multiple problems of 
multiplicity—whether and how to correct for many statistical tests. Am J Clin Nutr;102:721–8. 
 
Assignments for this week:   

Write the introduction section of the paper. 
 

*** 
Week 11:   

Present and communicate results – part 1 
  
Learning objectives:   
 Upon completion of this week, students will be able to: 

1) Understand the basics of scientific communication, including content and delivery. 
2) Create effective elements of research presentation including tables, graphs, and other visuals 
based on three principles of graphical presentation (evidence, efficiency, and emphasis). 
3) Critique elements of presentations: data sources, sample selection, measures of outcomes, 
measures of exposures, adequacy of analysis, possible effects of bias, interpretation of results. 

 
Preparation for class:   

Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Seals, D.R. , Tanaka, H. (2000). Manuscript peer review: a helpful checklist for 
students and novice referees Adv Physiol Educ, 23 
 
Assignments for this week:   

Write the discussion section of the paper. 
 

*** 
 
Week 12:   

Present and communicate results – part 2 
  
Learning objectives:   



 Upon completion of this week, students will be able to: 
1) Recognize the ethical dimensions of a graphical display.  
2) Present research results in a concise and effective manner - “elevator speech”. 

 
Preparation for class:   

Complete reading assignments and send scores to instructor prior to class. Additional reading 
assignments (1 to 3 research papers or book chapters) will be posted in Trunk. 
Reading assignment: Naumova, E. N. (2010). Visual analytics for immunologists: Data compression and 
fractal distributions. Self Nonself, 1(3), 241–249.  
 
Assignments for this week:   

Provide an outline for the 15-minute presentation. 
Draft of the final paper due this week.  

 
*** 

Week 13 and 14:   
Student Presentations 

  
*** 

Week 15:   
Final paper due this week.  


