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[bookmark: _Toc200370688]Distributed Analysis FAQ
[bookmark: _Toc200370689]1. What is a distributed analysis?
Statistical analysis of a distributed data source where intermediate statistical parameters are exchanged between data nodes and the coordination node. No line-level data is ever exchanged for a distributed analysis of a distributed data source.
[bookmark: _Toc200370690]Figure 1: Distributed Analysis Process
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[bookmark: _Toc200370691]2. How does a distributed analysis differ from a pooled analysis?
In a distributed analysis, statistical parameters are shared between trusted environments and then integrated to produce the result. While the process of distributed analysis is different from pooled analysis, the results are essentially identical (to the second decimal) in the methods we currently support. The code for distributed analysis is now available as an open-source package on the web: GitHub Distributed Analysis Resources.
[bookmark: _Toc200370692]3. Why is distributed analysis important?
A distributed analysis enables the inclusion of data that cannot be moved, or pooled, because of legal, ethical, policy and/or social acceptability restrictions. 
[bookmark: _Toc200370693]4. What type of statistical parameters are shared?
They are abstract mathematical quantities like matrices. For more information on what is being exchanged, please see GitHub Distributed Analysis Resources: Logistic regression as an example for the logistic regression.
[bookmark: _Toc200370694]5. How are the statistical parameters shared between a data node and a coordinating node?
The parameters can be expressed in different ways. To enhance interoperability between various statistical analysis tools, they are currently exchanged via text files (CSV files). These files can be exchanged in various ways like email, One Drive, custom platforms, etc. Currently, HDRN Canada uses a web-based platform (PARS3) to coordinate the exchange the parameters.
[bookmark: _Toc200370695]6. What affects the quality of a distributed analysis?
The same principles of quality apply to a distributed analysis as for pooled data. For example, the distributed data sources should have the same information model. Poor quality data and model will affect the distributed analysis in the same way it would affect a pooled analysis.
[bookmark: _Toc200370696]7. How does a distributed analysis differ from a federated analysis?
A federated analysis is a subtype of distributed analysis. A federated analysis has more technical requirements than a distributed analysis. For example, the software packages (e.g., R, Stata, SPSS) used to run the analysis across distributed data sources must be the same and the data partition at the data node needs to represent the information using the same technology and data types (i.e., one data centre cannot use MSSQL and another Oracle for a federated analysis). Distributed analysis does not have as stringent technical requirements to be used across data partitions.
[bookmark: _Toc200370697]8. What is required for a distributed analysis?
The requirements are very similar to a pooled analysis. At minimum, the chosen analytical methods and models must be coherent, the data source chosen must conform to the requirements of the chosen model (e.g., in terms of model assumptions, missing data). The predictors to be included must be selected and this can be done by exploratory analyses at one of the nodes (i.e., HDRN Canada data centre).
The main requirement is to have a research question that can be answered using one of the supported analytical methods (currently linear, logistic and Cox regression are supported, with and without the use of weights) (see GitHub Distributed Analysis Resources). If the method required is not currently available, please contact dash@hdrn.ca as we are expanding the library of available methods. All the usual data governance and secure environment policies continue to apply.
[bookmark: _Toc200370698]9. What methods are available for undertaking a distributed analysis?
Currently, distributed analysis is supported for linear regression, logistic regression and Cox regression analysis (see GitHub Distributed Analysis Resources). If the method required is not currently available, please contact dash@hdrn.ca as we are expanding the library of available methods.
[bookmark: _Toc200370699]10. What is the process for completing a distributed analysis at HDRN Canada
The Data Access Support Hub (DASH) at HDRN Canada is a coordination service offered by 14 data centres across Canada. DASH provides facilitation support for researchers doing multi-regional research in Canada. Upon submitting your project to DASH for review, you can receive a free feasibility assessment and estimation of costs for your request. Once you confirm funding and that you would like to proceed with a formal data access request, DASH works with your team to coordinate the necessary approvals, agreements and other requirements to access the data in accordance with local policy and legislation. Finally, once the necessary approvals and agreements are in place, and your project’s data and analytical plan is available, HDRN Canada data centres can complete the distributed analysis of the data (where services are offered). For more information, please contact dash@hdrn.ca.
[bookmark: _Toc200370700]11. What is the cost of completing a distributed analysis?
Upon submitting your project to DASH for review, the coordination services up to and including receiving a project feasibility assessment and cost estimate are free. Once a research team confirms that they would like to submit a formal data access request, local data centres respond to these requests on a cost-recovery basis. While there are a range of costs associated with health dataset preparation, analytic and other services provided by HDRN Canada data centres, the decision to perform a distributed analysis has a negligeable impact on the costs.
[bookmark: _Toc200370701]12. Who can I reach out to if I have more questions?
Contact dash@hdrn.ca and we will connect you to the right place!
Please see the following online resources:
· About DASH | HDRN Canada
· DASH FAQ | HDRN Canada
· GitHub Distributed Analysis Resources


[bookmark: _References][bookmark: _Toc200370702]Glossary of terms
The purpose of this glossary is to establish a common understanding of terminologies/concepts related to federated analysis. This glossary is intentionally not alphabetical. Terms are ordered such that they build onto one another.
	Key terms 
	Working Definition 

	Information model 
	A model that describes the characteristics and relationships of information for certain key real-world entities (e.g., “hospitalization”) (1). It does not define how the information is stored or what technology is used. 

	Data model 
	A model that establishes the characteristics (e.g., data types) of data elements describing the entities of an information model (2). It defines how the data element is stored in a specific system. A data model always complies with an information model, explicitly or implicitly. 

	Dataset 
	A collection of information elements structured and organized according to an information model. 

	Data source 
	A collection of data elements representing a dataset where the data elements are structured and organized according to a data model. It is a real-world implementation of a dataset using a given technology (e.g., MS SQL database, CSV files, etc.). 

	Common data model (CDM) 
	A data model agreed upon by a large group of researchers with the aim of reusing it across multiple studies sharing a common purpose. Some CDMs provide tools that help to extract, transform, and load datasets contained within different data sources to transform into an agreed-upon data model (3). 
Examples of existing CDMs: 
· Canadian Network for Observational Drug Effect Studies (4) CDM adapted the FDA Sentinel CDM (5) for use in Canada. 
· Observational Medical Outcomes Partnership (OMOP) CDM (6) adopted to varying degrees in many countries, including the US, UK, Australia and 22 European countries. 
· i2b2 CDM (7) used by more than 250 institutions globally. 
· Fast Healthcare Interoperability Resources (FHIR) (8) with implementation guides for the US, Australia, and New Zealand. 

	Data partition 
	A subset of a data source (9). 

	Distributed data source 
	A data source consisting of different data partitions stored separately, including across multiple physical locations, different organizations, institutions, data centres, or servers (10)  that may be under different administrative/legal responsibilities. 

	Horizontally distributed data source 
	A distributed data source where each partition includes the same features/measures but for different subjects (e.g. the same structure of data in different provinces) (11). 

	Vertically distributed data source 
	A distributed data source where each partition includes the same subjects but with different features (e.g. different data sets, one on health care use and the other a survey) (11), 

	Federated data source 
	A distributed data source where each data partition shares the same data model (and information model) (12). 

	Distributed analysis
	Statistical analysis of a distributed data source. The analysis aims to protect local data privacy and does not rely on exchanging line-level data outside of local data centres (13). 

	Federated analysis
	A type of distributed analysis using federated data. Using federated data (which share the same data model) simplifies the analysis because some technological aspects (e.g. database system, data types, etc.) of the analysis are the same, simplifying the production of the required analytical code (14,15). 

	Federated learning
	Machine learning applied to federated data. Models are applied locally at each node, with the intent that only model characteristics are transferred (16,17). 

	Pooled analysis
	Statistical analysis where all data partitions of a data source are combined and located on the same system. 

	Meta-analysis
	Statistical technique for combining the findings from a collection of studies (18). 

	Synthetic data
	Data generated from computer simulations of algorithms as an alternative to real-world data with the intent of replicating some characteristics of a data distribution of a real-world phenomenon. Synthetic data can be used for training federated learning (example paper here) (19). 

	Trusted research environment (TRE)
	Highly secure computing environment enabling analysis of data (locally or remotely) (20,21). 

	Data node
	Part of a TRE holding a data partition.  

	Coordinating node
	Part of a TRE where intermediate information produced by data nodes is being shared and integrated to produce the final results 
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