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Data Engineering: a Definition
https://en.wikipedia.org/wiki/data_engineering 

301 Redirect
?????

https://en.wikipedia.org/wiki/data_engineering


Background and motivation



https://datascience.nih.gov/sites/default/files/NIH_Strategic_Plan_for_Data_Science_Final_508.pdf

https://datascience.nih.gov/sites/default/files/NIH_Strategic_Plan_for_Data_Science_Final_508.pdf


https://datascience.nih.gov/sites/default/files/NIH_Strategic_Plan_for_Data_Science_Final_508.pdf

https://datascience.nih.gov/sites/default/files/NIH_Strategic_Plan_for_Data_Science_Final_508.pdf


FAIR data standards

https://www.force11.org/group/fairgroup/fairprinciples

https://www.force11.org/group/fairgroup/fairprinciples


Is FAIR data enough?
● FAIR data standards and guidelines are general; implementation can be 

challenging.

● FAIR data are not always fit-for-use data.

● FAIR data standards are somewhat context-dependent and are most easily 

applied within a homogeneous community of data users and providers. 

● FAIR data are not always usable data.

● FAIR data are not always useful data.

● [OFF TOPIC]: expense, maintenance, metrics, deprecation, augmentation 

and correction, provenance over time, ownership and IP



Health
In the context of healthcare, there is a virtual 

imperative that we learn to value and use our data 

ethically and effectively. The promise of a learning 

healthcare system depends on this charge….



Big Biological data

● Acquisition

● Storage

● Distribution

● Analysis

● Integration

https://doi.org/10.1371/journal.pbio.1002195 

https://doi.org/10.1371/journal.pbio.1002195


Comparison of four domains of big data in 2025

https://doi.org/10.1371/journal.pbio.1002195.t001 

https://doi.org/10.1371/journal.pbio.1002195.t001


Disconnected and 
Distributed



Baby steps: Data reuse reframed 
as reproducible research

Genomics and Bioconductor as a use case….



Leek, Jeffrey T., and Roger D. Peng. 2015. https://doi.org/10.1073/pnas.1421412111 

https://doi.org/10.1073/pnas.1421412111


Reproducibility, the ability to recompute results, and 
replicability, the chances other experimenters will achieve a 
consistent result, are two foundational characteristics of 
successful scientific research...of late there has been a crisis 
of confidence among researchers worried about the rate at 
which studies are either reproducible or replicable. In order to 
maintain the integrity of science research and maintain the 
public's trust in science, the scientific community must ensure 
reproducibility and replicability by engaging in a more 
preventative approach that greatly expands data analysis 
education and routinely employs software tools.



software

encodes

knowledge



Bioconductor is a large, NIH-funded 
open source software community 

dedicated to the analysis and 
comprehension of high throughput 

biological data.
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Bioconductor: Education, Training, and Community

Core infrastructure Community contribution



Building Bridges

~300,000 users, 1000 active 

developers, >1700 interop software 

tools and analysis packages

112,837 datasets, 3,031,406 samples 

publicly accessible



Building bridges



From this….



To this…

http://bit.ly/2W3l8dK 

http://bit.ly/2W3l8dK






Understand, expose, and adapt to
your data ecosystem and community

https://gdc.cancer.gov/files/public/image/Data_Model_Oobleck.png 

https://gdc.cancer.gov/files/public/image/Data_Model_Oobleck.png






Baby steps: Reusable components



Where necessary, build 
new software or tools

● Recognize complexity in 
high-throughput biological data

● Version control everything
● Continuous testing and 

integration
● Text-based workflow (no GUI)
● Literate programming 

approaches and documentation
● Education on tooling
● Numerous mechanisms for 

FAIR data sharing



Core value: reuse and interoperability



Where possible reuse existing tools, leverage existing 
communities



The R package: the unit of sharing in the R community



Published, versioned, documented, tested, measured



Maximize the impact (and reward) of curation efforts





Publish the how….







Addtional thoughts



Source: Monica Rogati https://hackernoon.com/the-ai-hierarchy-of-needs-18f111fcc007

https://hackernoon.com/the-ai-hierarchy-of-needs-18f111fcc007


Metadata are data



Consumers

Engineers
Producers

Researchers Public

Funders
Donors

Stakeholders or 
Data Communities

Analysts





Commodity big data
technologies



Education: we are all learning and teaching….



We, not they
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