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Session 11: Data Science Education for Informatics 
Hello, and welcome to our CTSA insights to inspire session today. We're going to have a conversation about data science 
education for informatics, but first, a little bit about us. 

Hello, I'm Peter Elkin. I'm a professor and Chair of the Department of Biomedical Informatics at the University of 
Buffalo. I'm a practicing clinician and I'm also our CTSA Core Director for Informatics. And I welcome you to this session 
on Data Science Education for Informatics. 

Hello, I'm Kristi Holmes. I am a Professor of Preventive Medicine in the Division of Health and Biomedical Informatics, a 
Professor of Medical Education. And I also have the great pleasure of being the Director of Galter Health Sciences Library 
at Northwestern University. So I have the first question and it's for Peter. 

Question: Peter, I'm wondering if you can share with us how you determine appropriate competencies for informatics 
personnel at the University of Buffalo and are these competencies for admission or for graduation? 

Response: So there are different competencies that are required for admission and graduation. What we like to look 
for in people who are coming in the door are people who are enthusiastic about the field and have either a 
background in biology or in computer science. People who know what they're interested in and are self-directed, and 
are able to deal with the complexity of our field are more likely to succeed. For graduation, we have firm educational 
outcomes that we're looking to obtain. We have outcomes that are tied to our curriculum and to each of the courses 
that we teach. And at the end, our goal is to graduate people who are cookie-cutter good. And this means looking at 
not only providing them with knowledge, but also skills and judgment. So for knowledge, we have didactic material 
that we teach like every university. And for judgment, we use a Socratic method with questioning that allows people 
to think outside the box about difficult problems and informatics that have yet to be solved and to try to provide their 
own solutions. And for skills we've developed an informatics laboratory for the analysis of big data science, and this is 
a set of Jupiter notebook workbooks that help students to practice their actual skills in doing data science tasks. 
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Question: Kristi, How do you determine appropriate competencies for informatics personnel at Northwestern? 

Response: Thank you. So we have the benefit of ongoing discussions with a wide range of stakeholders in our 
community through a number of ways. So of course there are consultations and classes that we offer through Galter 
Library, which is incredibly helpful to get a boots on the ground perspective of the types of things that people are 
needing in their professional toolbox. We also have the opportunity to serve on a number of data science working 
groups and committees at the university where we get a good understanding of the types of competencies that are 
expected from those who are working in data science and informatics on campus. We also consider university 
investments. For example, the Northwestern medicine enterprise data warehouse, or our new Institute for augmented 
intelligence and medicine. We try and keep an eye on the field to make sure that we are building sustainable capacity 
as we see technology advance and do so in a way that makes sense for our stakeholders.  

Question: So Peter, in your opinion, what are some of the best training practices for new hires? 

Response: We've noticed that when people first start, they feel a bit lost because there's a big ramp up to being useful 
in the field and being able to converse intelligently with others that are within the department. In order to start that 
process in a more rigorous way, we have created a boot camp. That boot camp gives an introduction to many of the 
fundamentals of the field. So for example, there are lectures on technical things such as R Studio statistics. In addition 
to that, we teach people structured query language. We teach them programming in Python. We teach them about 
healthcare terminologies, usability testing, clinical-decision support and give them a little bit of an introduction to 
bioinformatics principles and some of the base bioinformatics structures: genomic, proteomic and epigenetic. And we 
do this usually in July and August, if people start in July. We get a very good turnout and we've had a very good 
response to this for those who are our students who will be working in the hospitals. The hospitals receive them and 
they are much more useful when they get there. This program has been picked up by the clinical informatics 
fellowships, as well as by some of the T15 programs to help their students as well. And we're excited to be extending 
this capability beyond our own institution and look forward to sharing it. We’ve also had some other institutions that 
have said, they’d like to add modules to the boot-camp and we are thrilled about that. That would be great. 

We hosted Jupiter hub and we can get anybody who wants to get onto it from any of our programs or from any of the 
CTSAs a user ID and password to get in. And that's helpful because when the Jupiter notebooks are generated, they 
make a copy so that you have your own workspace as a student. You're not overwriting somebody else's work. And 
the workbooks that you use and the exercises you do can be looked at by your faculty and they can see how you're 
doing and help you along and so forth.  

Question: Kristi, in your opinion, what are some of the best training practices for your new hires? 

Response: Well, we tend to leverage the infrastructure that we have in the library to be able to meet those needs for 
both our new users and new folks on campus. As well as those who need a refresher or need to learn new skills in 
order to be able to participate in certain research projects, or to be able to ask questions using resources that are 
newly developed. We primarily take care of this need through the Galter library data lab. This is a focused data service 
core that's based in the library and led by Dr. Matt Carson. In the data lab, we offer a number of different resources, 
including on-demand workshops. We have a number of refresher activities. We host social coding events, and we look 
forward to doing more of that as campus begins to open. We also have a wide range of consultation skills, visualization 
support, and hosted trainings from external providers. We find that all of these help to grow a community of data 
science practitioners who can learn from one another and grow in their data science skills. So, in this idea of building 
community, it's very important to take a moment to talk a little bit about training partnerships.  

Question: So Peter, can you share with us a bit about what training partnerships have been most effective for your 
hub? 

Response: I really think we're all much stronger when we work together as a community than when we work alone, 
and collaboration beats competition every time. So we started out by building the I Lab with Yale and UNC from a 
grant that we all received from the National Library of Medicine as a supplement to our T15 programs. And then this 
spread in many of the CTSA sites and many of the clinical informatics fellowship sites. So places that have accessed our 
I Lab include: University of Florida and OHSU and Pittsburgh and many others. And we are very excited to be working 
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across the consortium and the clinical informatics fellowship programs to improve education in informatics in general. 
We also work with our Health Science Library, which is amazing and the library connection is our home from the 
National Library of Medicine to our local library systems. So we want to shout out to them about their education 
techniques and how they provide resources for our community. We are excited to work with anyone who gets excited 
about this presentation and wants to partner with us and others with whom we're already engaged.  

Question: Kristi, What additional training resources or partnerships should we consider moving forward with at a 
consortium level?  

Response: So, first of all, thank you for the shout out to the library. I think it's a great conduit to be able to bring 
people together and support these kinds of needs on campus. We've been fortunate to have a number of partnerships 
both on campus as well as with the broader community to better understand our users, their needs, and to 
collaborate, to build infrastructure and educational resources to meet those needs. A very good example of this is our 
partnerships with groups that do outside training, who we often bring onto campus to support those needs. We also 
have an exciting collaboration through an organization that's called the Data Discovery Collaboration. This 
organization is made up of a number of libraries and other units. Many of our CTSA organizations get together and talk 
about the kind of infrastructure and needs that are necessary to be able to support workflows on campus in support of 
data sharing and data management and especially data discovery.  

Question: So thinking about how we're moving together as a consortium, I wonder if we could talk a little bit about 
additional training from your perspective that would be necessary to move this forward. 

Response: From my perspective, I think what we need to do is to have community-based resources that we can all add 
to and contribute to and that could set a minimum set of competencies that we want all our students to be able to say 
at the end of their training, that they've been able to gather. And I know we're a highly disparate discipline with lots of 
different specialties where people dive in very deep, but at the core, there is a field and that field has competencies. 
And I think it would be reasonable to expect our educational outcomes to be aware of those competencies. And 
employers, whether they're academic or in business, would like to know what they can expect from our graduates 
when they hire them. And I think this would be a very worthwhile next step in our educational offerings. 

Question: Kristi, what additional training from your perspective would be necessary to move this forward? 

Response: I am very excited about this idea of working together and thinking about shared competencies that 
transformed our institutional boundaries and can bring us together. I am also very enthusiastic about working with 
other people in the consortium and beyond to think about how we standardize these competencies in a way that's 
dynamic enough to accommodate growth in the field. Also then, how do we leverage these perspectives to develop 
shared resources that can lighten the local burden for training at any hub. I think this might even support the idea of 
continuous improvement moving forward so that we can continue to be nimble as we meet these training needs on 
campus.  

Question: Peter, I wonder if you can show us an example of your teams, Jupiter notebooks, training modules. I think 
that would be really wonderful to see how you've been able to provide this training resource on campus. 

Response I am going to share my screen to answer and you should be able to see my screen now, everybody. So this is 
a Jupiter notebook on basic statistics, starting with linear regression and it teaches them the fundamentals with each 
of these notebooks. There's a paired one with exercises that's not done, and it talks about best practices and how to 
do it. And you can see that Jupiter notebooks are nice because in addition to didactic, they combine areas where you 
can put in code and areas where you can actually see output visualizing data. And you can see output visualizing the 
data from the analysis that you do in the notebook. And this is an R-based notebook. They also come in Python 
notebooks as well. In this notebook, you learn how to do logistic regression and see the 95% confidence intervals, and 
you can also see different ways of plotting the data and the error so that you can get a sense of what you're doing. 

And then it teaches you a bit about how to correct for non-normal distributions. And the notebook talks about lasso 
regression and elastic net output that you can see. Then we move on to things like machine learning. And here's a 
Naive Bayes, which is an easier one for informaticians to gather the basis from. And you can see that it starts out 
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teaching you about Bayes Theorum and how that works. And then you group, by implementing days in a real term 
system with real clinical data that sits here. This is completely de-identified data but it is actually real clinical data. And 
this starts to give people a sense of what the data looks like. And also, how you go about doing the Naïve Bayes 
network, and then you choose how you evaluate what you've done. What are the predictive accuracies of it and 
teaches you about two by two tables and so forth. And it continues to get a bit harder. Then we move to things like 
decision trees, and marginal utilities. Then it picks up a dataset from the Pima Indians (that's public) and shows you 
exactly how to inspect the data, look at missing data, how you would do corrections. And it also shows you a bit about 
how to generate a correlation matrix between the different variables so that you can see what the analysis to variance 
would be. And then it can plot out data about it so you get a feel for your data. And then it moves into actually doing 
the Naïve Bays analysis. And it's going to get down to implementing the decision tree and you can visualize the tree. 

And so now you get what is relatively a complex tree that can be generated from the data and teaches a lot about how 
to generate such a tree. This would be too complex for a clinician to work through during practice. So sometimes you 
want to prune the tree and figure out what the most parsimonious model is. And you can see that you can get 
clinically accessible models out that help to predict various outcomes. Then it teaches you a little bit about how to 
evaluate it with two by two tables and the confusion matrix, and then it moves into random forest and teaches you a 
little bit about machine learning and random forest and how that would work, how the voting works and talks about a 
training test set methodology, and then it moves into feature ranking, and then gives you a wrap up of it. And then 
you get to do it in the next notebook yourself.  

We have another notebook in which each issue is about a formal ontology. And this teaches you about SPARQL 
queries and how you have a subject predicate object triple that you're trying to query from. And this kind of construct 
is part of many of our healthcare terminologies, such as SNOMED CT, and allows you to understand relationships as 
well as named entities with inside of a namespace. For example, diagnosis terms or procedure terms. Here's an 
example from Protégé of a somatic cell ontology that people can look at and see how it was built and what the 
methods for query might be. And the first notebook goes in and gives you examples. And then there are notebooks 
that have exercises that you need to do, and you write the code that generates the output, and then your professor 
can look at it and see if it was correct or not, and give you advice and help correct some of the mistakes if there are 
any, or clap loudly, if you get it all right the first time. 

And then it talks about non-hierarchical relationships beyond the hierarchical relationships that you can look at so that 
you have all kinds of relationships and not just assumption. Then it allows you to aggregate things with group via 
functions. And it teaches you about how to set up restrictions within an ontology and what that means in terms of 
how the class will handle placing the term within the hierarchies of the ontology that you're working on. And you can 
see if it always ends with wrapping up and we have a public health informatics module, and it's got asthma quality 
data in it and using clinical guidelines as a hunch. And this one gets at things like data cleaning and data visualization. 
So first you get your data set up, your data frames, and then it starts to look at how you're going to group and analyze 
the data. 

And you can see that there's quite a lot of code in this one. Then you get to importing the data and visualization 
functions that come out. And then you end up getting public health data out of it, which is wonderful. You can see that 
there's natural language processing there, and there’s machine learning, public health and biomedical ontology and 
statistics portion of the Informatics lab. We're busy adding modules all the time. So we're trying to build it out to try to 
become more complete in terms of the breadth of our field.  

OFFER TO COLLABORATE: So the idea being that over time, if we all contribute, we'll have a great resource that we all 
can use and update. To help with this, if you don't have de-identified data that you can share, we can provide some 
that is IRB exempt data that will be able to be used in the notebooks that you would create if you are interested in 
creating a notebook of your own. We give credit to everybody who contributes.  

I'm very excited to offer that for skills building and the reason we did this was because we realized we were teaching 
knowledge and judgment, but we really were not teaching skills in the kind of consistent way that we wanted. So you 
wanted a consistent way to teach the skills part of the field to our students so that people would come out and they'd 
all have a certain set of skills when they're done. They can put on their resume, I'm competent in this, that, and the 
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other, and we give a micro-credential from the university and a digital badge to go along with each of these sub-fields. 
So if you complete the machine learning one, you'll get a digital badge and a micro-credential in machine learning. 

Response: Oh, that's terrific. I love the idea of recognizing the competency through a visible way so that people can be 
proud of this accomplishment. And that individuals who they're collaborating with understand that they're bringing a 
certain skillset to the table for their collaboration, which is terrific.  

Thank you so much. This is actually been a lot of fun, and it's always exciting to talk about ways that we can 
collaborate across institutions to be able to increase the capacity of our local communities in topics related to 
informatics and data science. And I'm personally very grateful to you, Peter, for sharing the work that's happening at 
the State University of New York at Buffalo. I'm excited about taking a look and leveraging these notebooks for our 
own needs and look forward to working with you and with others in the consortium on these important shared goals. 
So, thanks everybody for joining us.  

Question: Peter, do you have any last comments? 

Response: Well, I just want to say what a pleasure it's been working with Kristi on this project. This has been a 
wonderful collaboration, and I'm sure I'll be collaborating with Northwestern in the future. This was really a blast. If 
you enjoyed this video, please come collaborate with us. We had the most fun doing this. 

We encourage you to view the following webcasts as they provide foundational information for the rest of the series.  

Session 1 – Introduction to Insights to Inspire 2021 Informatics, the Journey to Interoperability 
Session 2 – Language of Informatics 
Session 3 – Introduction to Informatics  
Session 4 – Introduction to Maturity Models  
Session 5 – Importance of Interoperability 

After that, please view the remaining webcasts in the order of your choice. The webcasts are available on the CLIC 
website: https://clic-ctsa.org/ or you can access them by searching CLIC_CTSA on Vimeo or YouTube.  

Thank you for viewing Session 11- Data Science Education for Informatics.  
Please join us for the rest of the Informatics: The Journey to Interoperability series. 
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