
SYLLABUS 
MIE 290H:  Infections and Social Determinants: Simulation Modeling for Disease Prevention 

Spring 2016 
 

Instructor:  

Chaitra Gopalappa 
120 D Marston  
chaitrag@umass.edu 
 

Class Schedule and Location       

 TuTh: 4:00 - 5:15 PM LGRC A210 

Office Hours 

 Tu: 1:00 – 3:00 PM, Marston 120D 

Course Description  

This General Education course addresses fundamental questions, ideas, and methods of analyses in 
the social and behavioral sciences with relevance to the area of public health. It introduces students 
to the cultural, social and behavioral factors that impact disease epidemiology and transmission of 
communicable diseases, that are determinants of diseases, and that effect health inequities.  It 
introduces students to systems thinking and systems simulation modeling in disease prevention. As 
an approach to problem solving, systems thinking is the process of understanding how things 
influence one another within a whole. Systems simulation modeling is application of systems 
thinking for quantitative evaluation of interventions and development of strategies for disease 
prevention. This course engages students in creative, analytical, and critical thinking through inquiry 
into the underlying causes of health inequity and barriers to disease prevention; problem solving by 
simulation of short- and long- term impacts of multiple intervention strategies; and synthesis of 
findings to help in decision-making. The course will expose students to the challenges in prevention 
of diseases such as HIV, TB, and malaria. Through reading and writing assignments students will learn 
about the drivers of these diseases, including social determinants and health inequities, and how 
they vary among populations within the same country and across countries. Understanding these 
differences will create awareness among students about the need for pluralistic perspective thinking 
in decision-making. Students will learn to use simulation modeling for economic analysis that can 
inform national strategies of disease prevention.  

Course Goals 

Social, behavioral, and environmental conditions are determining factors in people’s risk of 
illness.  Systems simulation models that incorporate these determinants will provide a holistic 
systems thinking approach to analyzing alternative disease intervention strategies. These 
analyses can inform public health policy.  Students in this class will learn about social 
determinants of health, systems thinking for disease prevention, the dynamics of infectious 
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disease transmission, and how to construct simple simulation and decision-tree models to 
inform public policy.   

Course Objectives 

• Students will demonstrate knowledge of the fundamental questions and ideas of the social, 
behavioral, cultural, and environmental determinants of diseases and health inequities, disease 
epidemiology and transmission of communicable diseases, and the role of systems thinking and 
simulation modeling in disease prevention.  

• Students will apply critical thinking to understand the similarities and differences in 
determinants of health in high-income countries compared to low- and middle-income 
countries. 

• Students will learn the role of simulation modeling in analyzing disease intervention strategies, 
understand the systems approach to disease prevention, build simple simulation and decision-
tree models in Netlogo/Excel, and apply these methods to real world problems:  

o Learning about the Millenium Development Goals that aim to achieve elimination of poverty 
and hunger through a systems approach to addressing these interacting elements that drive 
diseases and impact economies. 

o Evaluating the impact and cost-effectiveness of what-if scenarios using simulation 
models. 

o Conducting economic analysis of simulation results and interpreting their cost-
effectiveness. 

• Student will learn to communicate their findings persuasively and effectively in simple language 
to a wider audience to inform public policy.   

Software: Excel and Netlogo.  Netlogo is a free, user-friendly software that requires no computer 
programming background and allows exploration of emergent patterns. 

WebPage: We will use Moodle for viewing and submission of assignments, and grades. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Grading Criteria  
• Reading assignments (4) and 1 book reading (30%)  
• Modeling assignments (2) (40%)  

o All assignments will include reading components, either case studies or country reports, to 
understand the determinants of the disease they are modeling and include one or two 
factors in the model. Students will submit written reports of 5-8 pages each assignment 
summarizing their initial findings, methods used to evaluate decision strategies, and critical 
analysis and discussions of modeling results.  

• Term project (30%)  
Intervention analysis of malaria: understanding the determinants of malaria; the current rates in 
different current; methods for prevention; modeling multiple what-if scenarios of interventions and 
extracting impact and cost measures; conducting cost-effectiveness analyses; writing an 8-10 page 
report, which will include description of the issue, analyses questions, scenarios modeled, outcome 
measures, results, critical analyses of results, and conclusions; short summary of findings as a 1-page 
policy brief; present a summary of findings to the class in a 15-minute presentation. 

Course Outline  

Week Topics Details Assignments – 
week assigned 

1 
Jan 19th , 21st  

Introduction to 
disease modeling  

Classroom exercise to demonstrate transmission 
of flu 

Reading 1 
Book Reading  

2 
Jan 26th, 28th  

Systems thinking 
and systems 
simulation (agent-
based model) 

Introduction to dynamic simulation modeling 
(compartmental and agent-based).  
Construction of Ebola outbreak as agent-based 
model 

Reading 2 
 
Model 1 

3 
Feb 2nd , 4th  

Determinants of 
disease and 
dynamics of 
transmission of 
infectious diseases  

Continuing construction of simulation model: 
prompting application of systems thinking 
knowledge during model development; identifying 
and incorporating key determinants into the 
model for quantitative analysis;  

Reading 3 
 
 

4-5 
Feb 9th , 11th  
Feb 18th (16th no 
class) 

Analysis of disease 
intervention 
strategies 

Model assignment 1 
Cost-effectiveness analysis; Model verification; 
Model validation 

 

5-7  
Feb 23rd , 25th  
March 1st , 3rd 
March 8th , 10th  

Second type of 
dynamic simulation 
modeling  
(compartmental) 

Simulate outbreak of measles as compartmental. Model 2  
 
 

8 break    
9-13  
March 22nd , 24th  
March 29th , 31st  
April 5th , 7th   
April 12th, 14th  
April 19th  

Malaria intervention 
analysis (Project) 

Use the approach to disease prevention 
demonstrated in previous classes to analyze 
malaria interventions. Students will work in groups 
in class to build a simple model in Netlogo 
(project) 

Project 

11 
April 5th  

  Reading 4 
 



13-14 
April 21st  
April 26th  

Project presentation   

 

Assignments and due dates 

# Assignments  Grade Due Date (all 
4PM) 

Reading 1 
 
 

Read #1 and write a 2-page report. Submit on Moodle. 
Briefly describe the Sustainable Development Goals. Do you think 
these goals are independent of each other? Discuss why or why not. 
What do you think is the role of systems simulation modeling in 
public-health decision-making as relevant to the SDGs?  

5 Jan 26th 
(Tue) 

Reading 2 Read #9 and # 10 and write a report (2 pages):  
Summarize the role of modeling in public health decision making; 
Briefly summary the different types of models (#9); Discuss the 
relevance of using system dynamics approach to modeling diseases 
(#10).  

5 Feb 2nd (Tue) 

Reading 3  Read #2  to #5 and write a report addressing the following (2 
pages):  
What are the determinants of disease occurrence (include social, 
behavioral, cultural, and environmental)? What is the definition of 
health inequity? What are the drivers of health inequity? Discuss the 
differences and similarities in disease determinants and health 
inequities in developed and developing countries. What are the 
challenges faced in disease prevention in developed and developing 
countries? 

5 Feb 9th (Tue) 

Model 1 Model assignment 1: Simulate transmission of Ebola virus 
disease (5-8 pages) (reference read #6, #7, and #20)  

20 Feb 23rd 
(Tue) 

Model 2 Model assignment 2: Construct model of measles outbreak, 
conduct economic analysis of intervention (vaccine), and write a 
report (5-8 pages) 

20 March 11th 
(Friday) 

Book 
Reading  

Pick one book from the list in Leisure Reads for reading. You will 
write a short essay  

10 March 22nd 
(Tue) 

Reading 4 Using the knowledge gained in this class, write a report 
addressing the broader objectives of the SDGs (2 pages):  
Discuss a systems approach to elimination of poverty; Refer to the 
SDGs, The Global Plan, and all topics you have learned through the 
duration of this course. What are the challenges to achieving SDGs? 
What works and what does not (base your opinion on evidence and 
facts). How can you best use systems modeling for public-health 
decision making in-line with the SDGs? 

5 April 12th  

Project Project: presentations (15 mins), report (8-10 pages), policy brief 
(1 page) 

30 April 21st and 
26th  

 

 

 

 



Reading List and Resources 

Determinants of disease occurrence and barriers to prevention 

1. Sustainable Development Goals (SDGs) http://www.un.org/sustainabledevelopment/  (week 1) 
 

2. Bruce G. Link and Jo Phelan, Social Conditions As Fundamental Causes of Disease 
Journal of Health and Social Behavior, Vol. 35, Extra Issue: Forty Years of Medical Sociology: 
The State of the Art and Directions for the Future (1995), pp. 80-94 Stable URL: 
http://www.jstor.org/stable/2626958 (week 2) 

3. World Health Organization. Social Determinants of Health, Key Concepts. 
http://www.who.int/social_determinants/final_report/key_concepts_en.pdf?ua=1 (inequities within 
and between countries) (week 2) 

4. Chopra M. Inequalities in health in developing countries: Challenges for public health research. 
Critical Public Health. 2005;15(1):19-26. (week 2) 
 

5. Infectious diseases in an age of change: The impact of human ecology and behavior on disease 
transmission. Washington, DC, USA: National Academies Press; 1995. (week 2) 
Chapter: Changes in Human Ecology and Behavior in Relation to the Emergence of Diarrheal 
Diseases, Including Cholera (compares developing countries to industrialized countries) (week 2)  
 

6. World Health Organization. Equity social determinants and public health programmes. 2010. 
Chapter: Neglected tropical diseases: equity and social determinants 
http://whqlibdoc.who.int/publications/2010/9789241563970_eng.pdf  (week 2)  

 
 

Infectious diseases 

7. Ebola virus disease: Fact sheet. World Health Organization, 2014; 

http://www.who.int/mediacentre/factsheets/fs103/en/ (week 4) 

8. World Health Organization. Equity social determinants and public health programmes. 2010. 
Chapter: Tuberculosis: the role of risk factors and social determinants;  
 

 
Role of modeling in disease prevention 

9. Kuntz K, Sainfort F, Butler M, et al. Decision and Simulation Modeling in Systematic Reviews 
[Internet]. Rockville (MD): Agency for Healthcare Research and Quality (US); 2013 Feb. Decision 
and Simulation Modeling Alongside Systematic Reviews. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK127478/ (week 3) 

 
10. Jack B. Homer and Gary B. Hirsch. System Dynamics Modeling for Public Health: Background 

and Opportunities. American Journal of Public Health: March 2006, Vol. 96, No. 3, pp. 452-458. 
doi: 10.2105/AJPH.2005.062059 http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1470525/ (week 
3) 

 
11. Sanderson, Colin, and Gruen, Reinhold. Analytical Models for Decision Making. Berkshire, GBR: 

McGraw-Hill Education, 2006. ProQuest ebrary. Web. 26 November 2014. (Chapters 1 and 2) 
 

http://www.un.org/sustainabledevelopment/
https://www.jstor.org/stable/2626958
http://www.jstor.org/action/showPublication?journalCode=jhealsocibeha
http://www.jstor.org/stable/2626958
http://www.who.int/social_determinants/final_report/key_concepts_en.pdf?ua=1
http://www.who.int/mediacentre/factsheets/fs103/en/
http://www.ncbi.nlm.nih.gov/books/NBK127478/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1470525/


12. Angela McLean and Robert May, Theoretical ecology: Principals and Applications, Oxford 
University Press, 2007, http://www.bib.convdocs.org/docs/38/37366/conv_1/file1.pdf#page=143  
Bryan Grenfell and Matthew Keeling, Dynamics of infectious disease (Chapter 10),  

 

HIV and TB 

13. UNAIDS, GLOBAL PLAN TOWARDS THE ELIMINATION OF NEW HIV INFECTIONS AMONG 
CHILDREN BY 2015 AND KEEPING THEIR MOTHERS ALIVE, 2011-2015; (Read pages 1 -17) 
http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/unaidspublicat
ion/2011/20110609_JC2137_Global-Plan-Elimination-HIV-Children_en.pdf  (week 5) 
 

14. WHO, http://www.who.int/hiv/data/arvpmtct2014.png?ua=1  
 

15. Dean, Hazel D., and Kevin A. Fenton. “Addressing Social Determinants of Health in the 
Prevention and Control of HIV/AIDS, Viral Hepatitis, Sexually Transmitted Infections, and 
Tuberculosis.” Public Health Reports 125.Suppl 4 (2010): 1–5. Print. (week 7) 

 
16. Fox, Ashley M. “The Social Determinants of HIV Serostatus in Sub-Saharan Africa: An Inverse 

Relationship Between Poverty and HIV?” Public Health Reports 125.Suppl 4 (2010): 16–24. Print. 
 

Malaria 

17. Multisectoral Action Framework for Malaria, United Nations Development Programme HIV, Health 
and Development Group Bureau for Development Policy 
http://www.rollbackmalaria.org/docs/2013/Multisectoral-Action-Framework-for-Malaria.pdf 
Chapters: Major determinants of malaria (social, environment, economical, and behavioral) (week 
9) 

Health equity 

 
18. WHO Regional Office for Europe. Closing the gap in a generation: Health equity through action 

on the social determinants of health. Geneva: World Health Organization; 2008:256. 
http://whqlibdoc.who.int/publications/2008/9789241563703_eng.pdf 

Health and nutrition of children 

19. World Health Organization. Equity social determinants and public health programmes. 2010. 
Chapter: Health and nutrition of children: equity and social determinant (pages 50 -71) (week 10) 

Health Systems 

20. Save the Children, A Wake-up Call Lessons from Ebola for the world’s health systems, 2015 
http://www.savethechildren.org.uk/sites/default/files/images/A-Wake-Up-Call.pdf 
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Leisure Reads  
Zombies haven’t yet made it, but several ‘micro’organisms have shaped our society. The following are 
just a few books, which provide a broad perspective of the interactions between human development, 
socio-economics, behavior, environment, and epidemiology. We may be limited in what we can model, 
but there is a lot that remains unexplored. These books are fun to read, more like detective novels and 
they are real!  

• The American Plague by Molly Caldwell Crosby  
• Guns, Germs, and Steel: The Fates of Human Societies  
• Infections and Inequalities: The Modern Plagues by Paul Farmer (other books by or about Paul 

Farmer)  
• The Coming Plague: Newly Emerging Diseases in a World Out of Balance by Laurie Garrett  
• The Ghost Map: The Story of London's Most Terrifying Epidemic--and How It Changed Science, 

Cities, and the Modern World by Steven Johnson  
• And The Band Played On  

 

Academic Honesty Policy Statement 

Since the integrity of the academic enterprise of any institution of higher education requires honesty in 
scholarship and research, academic honesty is required of all students at the University of 
Massachusetts Amherst. 
 
Academic dishonesty is prohibited in all programs of the University. Academic dishonesty includes but is 
not limited to: cheating, fabrication, plagiarism, and facilitating dishonesty. Appropriate sanctions may 
be imposed on any student who has committed an act of academic dishonesty. Instructors should take 
reasonable steps to address academic misconduct. Any person who has reason to believe that a student 
has committed academic dishonesty should bring such information to the attention of the appropriate 
course instructor as soon as possible. Instances of academic dishonesty not related to a specific course 
should be brought to the attention of the appropriate department Head or Chair. The procedures 
outlined below are intended to provide an efficient and orderly process by which action may be taken if 
it appears that academic dishonesty has occurred and by which students may appeal such actions. 
 
Since students are expected to be familiar with this policy and the commonly accepted standards of 
academic integrity, ignorance of such standards is not normally sufficient evidence of lack of intent. 

For more information about what constitutes academic dishonesty, please see the Dean of Students’ 
website: 

http://umass.edu/dean_students/codeofconduct/acadhonesty/ 

 

 

Disability Statement 

The University of Massachusetts Amherst is committed to providing an equal educational opportunity 
for all students. If you have a documented physical, psychological, or learning disability on file with 

http://umass.edu/dean_students/codeofconduct/acadhonesty/


Disability Services (DS), Learning Disabilities Support Services (LDSS), or Psychological Disabilities 
Services (PDS), you may be eligible for reasonable academic accommodations to help you succeed in this 
course. If you have a documented disability that requires an accommodation, please notify me within 
the first two weeks of the semester so that we may make appropriate arrangements. 


