
Elective/AI Syllabus


Title of Elective/AI & Course Code
BIOMEDICAL INFORMATICS: APPLIED INVESTIGATION AND ANALYSIS IN HEALTH OUTCOMES RESEARCH – Fall 2024


Intro Statement/paragraph as to what the Elective/AI is (short description)
This course provides an overview of topics, concepts, theories, and methods that form the foundations of medical informatics. This course focuses on integrating the TriNetX Networks, a public and private EMR sharing platform that allows access to the network of more than 200 million patients worldwide, with roughly 38 billion clinical facts for conducting translational and clinical research. Lectures cover concepts such as data coding systems, data harmonization, data compliance/privacy regulations, basic epidemiology and statistics, patient-centricity (i.e., a cohort), and real-world evidence strategy and interpretation. In addition, the course emphasizes the importance of cohort selection, the development of retrospective cohort studies, and real-world medical record data utilization. Lectures will also cover research concepts related to literature research, hypothesis development, composition of research protocols, reporting and presenting research findings, and preparing manuscripts for publication in peer-reviewed journals.  In addition to theoretical classes, laboratories use TriNetX platform to allow students to implement and practice methods covered in the lectures,  and recreate population studies and clinical trial protocols. This course aims to provide theoretical and practical experience in analyzing, interpreting, and reporting real-world epidemiological data. 


Contact Information: Elective Director and Elective administrator contact information. State who the student should contact should they are not able to attend (out sick)
Yanli Zhang-James, MD Ph.D. 
3732B NRB, 505 Irving Ave. Syracuse, NY 13210
Email: Zhangy@upstate.edu (315)436-5218

Elective Objectives: These should be directly taken from the New Elective Application that was submitted
1. Understand the basic concepts, theories, and methods that form the foundations of medical informatics.
2. Gain hands-on experience in developing, conducting, and reporting real-world epidemiological studies. 

Expectations:  Be as specific as possible, can include but not limited to the following:
· Patient Care Expectations: N/A.

· Academic Expectations: assignments, presentations etc.
1. Students are expected to attend all lectures and labs. Excused absences must be obtained in advance. Contact the course director for absences. If absences are excused, appropriate make-up work will be provided for students at the discretion of the course directors. Students missing more than 2 hours of either lecture or lab without prior excuses will receive a reduction of 5 points; Students missing more than 4 hours of either lecture or lab without prior excuses will forfeit the grades.  
2. Students should come to class prepared, ready to participate, having the necessary equipment (a laptop with internet access) and access to the TriNetX, and on time. Students will receive only 50% of the assignment scores if any assignment is turned in late. 
3. The final in-class and poster presentation are both mandatory for a complete grade. 
4. Academic integrity is expected. Anyone found to be cheating or helping someone else cheat will be referred directly to the Dean of Students for disciplinary action. Academic dishonesty includes citing someone else's work as your own, and using generative AI tools such as ChatGPT for literature review or writing any portion of the reports. Using tools for grammar checking and proofreading are acceptable. If you are unsure whether your planned action constitutes academic dishonesty, seek clarification from your instructor. Penalties are severe and may include an “F” of final grade, even dismissal from the University.


· Research Expectations: 
1. Actively and constructively participate in research discussions in classes.
2. Select a research topic or project related to the course material. Students are encouraged to choose from pre-designed projects, but can also choose to develop a topic that is of personal interest and relevance to the course content. 
3. Establish project teams (3 students per team ideally, but solo or two-person team may be allowed with approval) and contribute to the team project collaboratively and constructively
4. Conduct a thorough literature review related to your chosen research topic. This will involve reading and analyzing relevant academic articles, books, and other scholarly sources to support the research hypothesis (Team assignment: Report of a background introduction and research hypothesis with proper citation)
5. Submit a research proposal outlining the objectives, research questions, methodology, and expected outcomes of your project. The proposal will be reviewed and approved by the instructor to ensure it aligns with the course objectives (Team assignment)
6. Data Collection and Analysis. Each student is expected to run the analyses and collect data independently by working on TriNetX (Individual assignment: assessed by the on-platform studies that students share with the instructor). 
7. Presentation. Towards the end of the course, students will present their research findings to the class as teams. This presentation should be well-structured, concise, and informative. All team members should participate and collaboratively present their work (mandatory for final grades)
8. A complete poster design is mandatory for final grades. Student will present the poster in a local conference i.e. student research day.
9. Final Research Paper (optional for honors and high pass?).  For those students who wish to publish their work, we will continue to work on finalizing the manuscripts which should be prepared according to academic writing standards and include proper citations, with the goal of submitting to a peer-reviewed journal before the end of the summer.


Grading Schema: It must be clear how the student will earn the grade and what it will entail. 
· MS1/MS2 students a grade can only be P/F
· MS3/MS4 the grade can either be P/F or H/HP/P/F. 
If using H/HP/P you must include what criteria will earn a grade of Honors, what will earn a grade of HP, what will earn a grade of Pass and what would in rare circumstances earn a grade of Fail

Overall course grades will be determined based on the performance of the following: 
Final Team Presentation (requiring both oral and poster presentations, each 20%)	40%
Literature review and report (team assignment)						15%
Research protocol and report	(team assignment) 				                       15%
In-class quizzes on assigned readings				                      10%
Project completion on TriNetX platform (individual work)			          15%
Participation and attendance					 	                      5%

Students will receive an "F" if :
Failed to participate in either the final oral or poster presentation.
Overall grades<60%
Cheating or academic dishonesty

Students will receive an "HP" if overall grades 80~90%
Students will receive an "H" if overall grades >90%


Schedule:
· What will the expected student schedule be, how will the receive they schedule etc.  (students will see patients on what days, when are they expected to attend any didactic sessions etc)

Important dates at a glance (TBD):
There will be a total of seven lectures and seven companion labs with 1-hr each, plus a final week of a two-hour session that allows for oral presentations from all five student projects and teams.  All teams will also participate and present a poster at a local conference (i.e. Student Research Day).

	Session
	Lecture
	Lab

	1 
	First Class Day: Introductory Lecture
	Orientation of the TriNetX platform; verification of account access, Citi training, IRB approval, etc

	2
	Data privacy, Patient Centricity and Cohort Building
	Students will discuss their proposed research questions and practice cohort building on the platform

	3
	Advanced Analytics (case-control study, propensity score matching, PSM)
	Demo project: build cohorts; define the index date, outcome, covariates for PSM

	4
	Advanced Analytics (Survival analysis); Final Project Kick-Off
	Finalize research team and project; start working on the final project

	5
	Literature Review and manuscript writing
	working on the final project

	6
	Data Export and Advanced Data science Methods off platform
	working on the final project

	7
	Pharmaceutical Industry Applications and Clinical Trials (possible guest speaker)
	working on the final project, presentation and poster

	8
	Oral Presentation




The exact time/day of the week for lectures and labs is TBD, so are the choices of virtual or in-person lectures and labs. 

Feedback/Evaluation: how the student will receive feedback and be evaluated.

Students will meet with faculty weekly to attend the lecture and lab sessions. In addition to email communications, BrightSpace will be used for lectures and lab contents, assignments and grade tracking, questions, discussions, and individual feedback. 
In addition, students will share their work and projects on TriNetX with the faculty (a function provided in TrinetX). Faculty can provide feedback and assessment based on supervision and assessment of students’ work on the TriNetX platform.

Detailed schedule (Proposed)

	Date
	Session
	Lecture
	Lab
	Additional material/reading

	TBD
	1
	Class Introduction and an Introductory Lecture:
Learning Objectives:
1. Discuss class goals, objectives, targets
2. Define medical informatics and some broad use cases
3. Showcase previous studies with the platform, and what they tried to accomplish
4. Introduction to TriNetX as a Big Data Platform, Data Domains, Mapping & Harmonization:
4.1. Understand the main pillars of use of the TriNetX platform (protocol design, feasibility & location selection, scientific research, patient recruitment)
4.2. Discuss and define the various data sources and how they impact results
4.3. Distinguish between data coding systems and how they are applied in TriNetX (what is LOINC/SNOMED/ICD10/RxNORM)
4.4. Explain the relationship between data harmonization and functionality (what is mapping and how it is done, what are standard terminologies, free text, and Natural Language Processing)
	lab. Students verify their TriNetX account access, familiarize with the platform.
Assignment: Each student turns in 3~5 research questions that they are interested in and believe can be solved in the platform. We will discuss these in the next week of the lab. This is meant mainly to stimulate students’ independent thinking. We will provide 5 pre-designed projects to choose from in case none are feasible.

	1. TriNetX recorded introductory webinars or training material (TBD)
2. Relevant CITI Training and IRB material

3. Additional Readings:
US Based: https://www.icd10data.com/ICD10CM/Codes; https://loinc.org/ International: https://www.dimdi.de/static/de/klassifikationen/icd/icd-10- gm/kode-suche/htmlgm2022/

	
	2
	Data privacy, Patient Centricity and Cohort Building
Learning Objectives:
1. Examine what is a federated network and what does this mean from a legal standpoint
2.  Understand what is considered PHI
3. Define the differences between HIPAA, safe harbor, and expert attestation
4. Understand data obfuscation measures
5. Intro to query building:
5.1. Demonstrate introductory approaches to working with the TriNetX platform
5.2. Define and examine characteristics of a cohort
5.3. Discuss the meaning and importance of an index date in an observational study
5.4. Examine how modification of the index date can change the meaning of an outcome
	In-lab: Students will discuss their proposed research questions and choose one to practice on the TriNetX platform:
Build cohorts; define the index date, and outcomes.
Assignment: continue the cohort building and solving any remaining issues, trying alternative projects.
	1. A published paper (maybe Lancet COVID-19 and MH paper) describes EMR-based analytics: how are codes used, how is comparison applied, and how is analysis presented.

	
	3
	Advanced Analytics; Introducing a Full Protocol Build
1. Summarize the design elements of a case-control study
2. Describe the measure of association found within advanced analytics
3. Discuss the fundamental concepts underlying the propensity score matching and when it is useful for the analysis of epidemiologic data
4. Demonstrate approaches for deciding which covariates to include in a multivariable model
	In-lab: Students will work on an example project altogether, build cohorts; define the index date, outcome, covariates for PSM and run PSM and association analysis; and interpretate their results.
Assignment:  connect with team members and finalize their team projects.
	Additional papers on how comparisons were made, PSM and results interpretation and presentation (TBD)

	
	4
	Advanced Analytics; Full Protocol Build and Final Project Kick-Off
Learning Objectives:
1. Review: Understand elements of study design 
2. Review: Apply knowledge of the platform to build specific parts of the protocol
3. introducing survival analysis and interpret results 

	In-lab: Students will introduce their team formation and research projects; 
Teams will use the in-lab time start working on their projects
Assignment: Team projects
	Papers on survival analysis (TBD)

	
	5
	Literature Review and manuscript writing
1. Introducing literature review and how to use the literature to support research design and manuscript writing:
a. Introducing pubmed search strategies
b. Discuss how to find and access journal papers to support the research hypothesis; in-class exercise find paper: (tba) 
c. Introducing Systematic reviews and meta-analysis
d. Discussion on how to determine TriNetX is a good choice for the analysis of epidemiologic data and when there are limitations
e. Introducing the concept of research design protocol
2. Introducing manuscript writing and publication standard

	In lab: 
Discussion and mid-phase presentation of the project progress;
Discussions and work on how to refine/improve their project based on literature assessment.
Discussion of research design protocols and manuscript outlines.
Assignment:
Finalize the project design with team; 
working on the written report of the protocol (graded)


	(TBD) papers on CONSORT statement, publication standards?

	
	6
	Data Export and Advanced Data science Methods
1. Looking deeper into the raw EMR data and way to organize it 
2. Introduction of tools for handing raw data (relational databases and large tables out of memory)
3. Introduction of more advanced analytical approaches for raw data analysis:
Logistic regression (association), linear regression; survival analysis, machine learning, etc

	In-lab Exercise on requesting a data download as a group.
Continue project discussion and using in-lab hours to work on the project.

Assignment: inspect a small cohort of downloaded data (using only excel as a tool to inspect the dataset)


	(TBD) papers on ML/AI applications on EMR data

	
	7
	Pharmaceutical Industry Applications and Clinical Trials
1. Understanding how TriNetX support clinical trial design
2. Introducing Trial Connect.
3. May have guest speaker from TriNetX
	In-lab work on the final project.

	(TBD) papers on new ways of how clinical trials are conducted with the support of large RWE data.
(TBD) how to present a research project.

	
	8
	Final presentation (2 hr total/ optional: open to a wider audience)
1. 15 minutes presentation for each of the 5 student projects
2. 5 min each for Q/A
	(TBD) Good poster design

	
	
	
Student Research Day (Poster Presentations)
	
	





