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In May 2012, the General Assembly adopted language under Item 427 of the 2012 Appropriation Act (“Item 427”) requiring the Secretary of Technology to work with Cabinet Secretaries and their agencies to standardize all “citizen-centric” (Person) data.  Virginia Information Technologies Agency (VITA), on behalf of the Secretary and the Chief Information Officer (CIO) of the Commonwealth, has oriented its Item 427 compliance strategy around migrating Commonwealth agencies toward conformance with the National Information Exchange Model (NIEM).[footnoteRef:1]   [1:  For information on NIEM: https://www.niem.gov/Pages/default.aspx ] 


VITA staff applied the NIEM Cost Model and Project Schedule, key elements of the NIEM Engagement Process,[footnoteRef:2] to estimate the cost and timeframe required to implement NIEM-conformant exchanges. Results from VITA’s analysis have been provided in the report, Commonwealth Data Standardization: Cost Estimates and Schedule. This methodology statement has been prepared as an addendum to that report.  The purpose of the methodology statement is to document the variables, assumptions and input values used by VITA staff in implementing the NIEM Cost Model and Project Schedule. [2:  For a full description and support documentation on the NIEM Engagement Process: https://www.niem.gov/aboutniem/roadmap/Pages/niem-engagement.aspx
] 


I. NIEM Cost Model

The NIEM Cost Model is a Microsoft Excel-based model designed to generate cost estimates for implementing NIEM-conformant data exchanges, as defined through NIEM Information Exchange Package Documentation(s) (IEPDs). The NIEM Program Management Office (PMO) developed the NIEM Cost Model to calculate cost estimates for the IEPD Lifecycle, from initial development of a NIEM IEPD to implementation of the NIEM exchange.

A. Background & Purpose

The NIEM Cost Model was designed to measure the costs and benefits associated with implementing NIEM-conformant exchanges.  The model enables users to evaluate the economic value of NIEM and its associated cost requirements. It quantifies costs associated with implementing a NIEM-conformant exchange and generates baseline funding estimates to guide planning for required investments.  

The NIEM Cost Model builds on empirical assumptions and measures quantifiable elements of the NIEM value proposition. The model requires users to assess current conditions for the NIEM exchange within their organization or enterprise then make decisions on the most appropriate input values for each of the required Cost Model variables based on those condition assessments.

VITA staff used the NIEM Cost Model to generate cost estimates of standardizing the exchange of Person data across state government, pursuant to Item 427. Input values for the model were derived from the level of effort required to develop a NIEM-conformant IEPD for the Enterprise Data Management (EDM) platform, an enterprise data management service being implemented under the Commonwealth’s Electronic Health and Human Resources (eHHR) Program.  The current EDM implementation features an exchange of information across two pilot source systems.

Once in production, the EDM platform will provide Commonwealth agencies an integrated platform for linking Person records from an array of source data systems. To support the EDM platform, Secretary of Technology in April 2012 adopted the EDM Person Data Exchange Standard (EDS-R-126) to structure and support data exchanges within the EDM platform. Details of the EDM Person Data Exchange Standard can be found at http://www.vita.virginia.gov/oversight/dm/default.aspx?id=10344.

VITA staff mapped the EDM Person standard to a NIEM-conformant IEPD (EDM Person Exchange). The assumptions and user-defined values for the NIEM Cost Model calculations were based on the level of effort required during this mapping and development process. VITA staff completed multiple runs of the NIEM Cost Model to refine the assumptions and input values, and the results have been vetted through the NIEM PMO as part of a peer-review process. VITA concluded that the results from the NIEM Cost Model for the EDM Person Exchange were valid, reliable and may be generalized to provide a high-level estimate of the cost associated with compliance with Item 427.

B. Model Variables

The first set of factors involved in implementing the NIEM Cost Model consists of the Model Variables, which are broken out into Exchange Variables and Cost Variables.

1. Exchange Variables

The first set of variables in the NIEM Cost Model consists of the “Exchange Variables,” or the variables about the NIEM-conformant exchange. For the purpose of the current model implementation, the EDM Person Exchange was used as the basis for the NIEM exchange. The exchange variables include IEPD Reuse, Number of Additional Exchanges, Level of Governance and Number of Elements.

1.1 IEPD Reuse
The IEPD Reuse variable measures the number of times that the EDM Person Exchange developed in the initial effort will be reused by different systems to share information. The Commonwealth does not have an enterprise-level (not domain specific) NIEM-conformant information exchange, which makes it difficult to establish a cost estimate based on only one level of acceptance and reuse of the EDM Person Exchange. 

To account for this, three different runs of the NIEM Cost Model were generated with varying levels of acceptance and reuse (number of systems onboarded in Year 1 through Year 3 of implementation). All of the models assumed the two EDM pilot systems in the base year but varied in the out years, as shown in Table 1.

Table 1. NIEM IEPD Reuse Scenarios
	Level of IEP/IEPD Acceptance/Reuse (A/R)
	Number of Systems Onboarded onto EDM

	
	Base Year
	Year 1
	Year 2
	Year 3

	Low A/R Scenario
	2
	2
	2
	2

	Medium A/R Scenario
	2
	3
	4
	5

	High A/R Scenario
	2
	4
	6
	8


Note:  The three scenarios used for this input should not be mistaken for the level of effort assigned to a resource for that activity. The model factors in level of effort under a separate variable. Therefore, even for three different models corresponding to three different levels of participation, the level of effort assigned to each resource stays the same across the three different models. 

1.2 Number of Additional Exchanges
The Number of Additional Exchanges variable measures the subsequent IEPDs that will be developed.  Since this is the first time that an enterprise-level NIEM exchange has been developed for the Commonwealth, separate cost models will be used to estimate costs for each new IEPD developed in the future. Hence, the model assumed that there will be no new IEPDs that will be developed based on the EDM Person Exchange.

1.3 Level of Governance
The Level of Governance variable measures the governance and support framework underlying the exchange. Input values include strong, moderate or weak, depending on the level of political goodwill among participants, consensus among stakeholders, leadership capabilities and related factors. The Level of Governance variable contributes to the complexity of the exchange and the time taken to complete tasks. 

The EDM Person Exchange will be used by multiple Commonwealth agencies with different infrastructures, access to resources and fiscal constraints. Agencies also have to comply with applicable laws for data sharing. Based on these assumptions, a moderate Level of Governance value was used in the NIEM Cost Model for the EDM Person Exchange.

1.4 Number of Elements
The Number of Elements variable measures the projected number of data elements to be included in the IEP/IEPD. This variable impacts the exchange complexity as more elements require a higher level of effort and more time to complete tasks. The model was calculated based on the 90 data elements in the EDM Person Exchange.



2. Cost Variables

The second set of variables in the NIEM Cost Model consists of the “Cost Variables,” or factors that drive the cost of implementing a NIEM-conformant exchange. The cost variables include Hourly Rates, Level of Effort, Level of Integration and Training Costs.

2.1 Hourly Rates
The Hourly Rates variable consists of the billing rate for each personnel member involved in the NIEM IEPD development. This variable is used to calculate the cost for each task. 

The Hourly Rates applied in the NIEM Cost Model were based on the Not-to-Exceed (NTE) rate schedule for the Commonwealth's IT Contingent Labor (ITCL) Program, as shown in Table 2. The resources used in the model were assumed to be external resources. The corresponding Commonwealth (COV) full time equivalent (FTE) position is also shown below. 

Table 2. Hourly Rate Schedule (ITCL NTE Rates)
	COV Human Resource Classification
	ITCL Resource Classification

	Working Title
	Job Title
	Pay Band
	Job Category
	Position
	NTE Rate

	Business/Data Analyst
	IT Spec III
	VI
	Business Analyst
	Analyst 4
	$70.56

	EDM Architect
	IT Spec IV
	VII
	Programmer Analyst
	Analyst 6
	$106.53

	Enterprise Architect
	IT Manager II
	VII
	IT Management Services
	
	$120.95

	Programmer
	IT Spec III
	VI
	Programmer Analyst
	Analyst 5
	$92.01

	Project Manager
	IT Spec III
	VI
	Project Management
	Project Manager 3
	$98.93

	Senior Management
	IT Manager II & III
	VII & VIII
	
	
	$140.00

	SOA Programmer
	IT Spec III
	VI
	Programmer Analyst
	Analyst 5
	$92.01

	Test Analyst
	IT Spec II
	V
	Software Test Analyst
	Analyst 4
	$58.89

	Service Lead
	IT Spec IV
	VII
	System Analyst
	Analyst 6
	$101.79

	Stakeholders
	
	
	
	
	$100.00



2.2 Level of Effort
The Level of Effort variable consists of an ordinal scale reflecting estimates of the hours required for completing each task, based on the complexity of the exchange.  
The EDM Person Exchange (90 data elements) was assigned a Medium Level of Effort, which translated into the number of hours needed for an activity, as shown in Table 3.



Table 3. Level of Effort Scale
	Level of Effort Category
	Number of Hours (Estimate per Task)

	Not Applicable (NA)
	0 hours

	Low
	Less than 40 hours

	Medium
	40 – 80 hours

	High
	More than 80 hours



2.3 Level of Integration
The Level of Integration variable accounts for degrees of overlap between data elements for the planned information exchange and existing NIEM data elements and how that affects development costs. The NIEM Cost Model assumes in the baseline that some (<50%) of the elements used in the exchange already exist and have been defined in the NIEM model. 

Example:  If all the elements in the planned exchange are already defined in NIEM, then the model will subtract 100% of the costs associated with defining terms with exchange partners and building the extension schema for the NIEM exchange. If many (>50%) of the elements exist in NIEM, the model will subtract 50% of the costs associated with these tasks. If no elements already exist in NIEM, the model will increase the costs by 50% for both tasks.

Table 4. Level of Integration Scale
	Model Overlap
	NIEM

	All Elements Already Exist in NIEM
	-100%

	Many (> 50%) Elements Already Exist in NIEM
	-50%

	Some (< 50%) Elements Already Exist in NIEM
	-20%

	No Elements Already Exist in NIEM
	0%



The IEPD being developed for the EDM Person Exchange contains 90 elements. Out of these 90 elements, 47 already existed in the NIEM Core Person namespace, resulting in a level of integration of 52%. Since the EDM Person Exchange IEPD had only two elements more than the cutoff, the NIEM Cost Model was developed with the assumption that some (< 50%) elements already existed in NIEM.
	
2.4 Training Costs
The Training Cost variable is used to estimate the cost incurred to train resources in NIEM development and implementation. Basic NIEM training may be achieved online at no cost. Further information about online training is available at https://www.niem.gov/training/Pages/online.aspx. 

The Integrated Justice Information Systems (IJIS) Institute provides an extensive three-day classroom training.  VITA coordinated with the IJIS Institute to host an in-house training for Commonwealth staff at a cost of $5,000.00. The NIEM Cost Model assumes that every year, as more entities participate in the exchange, resources will require training. The labor cost for staff to attend the training was factored when assigning level of effort to a resource for their corresponding activity.



C. Model Assumptions

The second set of factors required for implementing the NIEM Cost Model consists of the Model Assumptions.  These assumptions include System-based Assumptions and Process Assumptions.

1. System-based Assumptions

The first set of assumptions in the NIEM Cost Model consists of the System-based Assumptions, factors associated with the systems required for developing and implementing a NIEM-conformant exchange. These include the Types of Attributes, Hardware and Software Configuration, Procurement of Tools for Modeling and Development, and Effort Based Estimates.

1.1 Type of Attributes
The Type of Attributes assumption focuses on the data elements contained in the NIEM IEPD.  In the EDM Person Exchange, the IEPD consisted of 90 Person-related data elements.

1.2 Hardware and Software Configuration
The Hardware and Software Configuration assumption relates to the complexity and level of availability for the exchange platform. The EDM Person Exchange was modeled to involve exchange of information between multiple agencies, with a high level of coordination for procurement, installation and configuration of hardware and software.  Also, the EDM Person Exchange was assumed to require zero down time for installation and configuration of the tools and that the tools would be utilized on Commonwealth of Virginia (not external) infrastructure.

1.3 Procurement of Tools for Modeling and Development
The Procurement of Tools for Modeling and Development assumption deals with whether personnel will have the necessary existing modeling and development tools, or if these tools would need to be procured for the exchange.  Since the EDM Person Exchange will be a new exchange for the Commonwealth, the model assumed that staff would require procurement of new modeling and development tools and that these tools would be available at the time required.

1.4 Effort Based Estimates
The final System-based Assumptions focused on the Effort Based Estimates, or the hours required for standing up the EDM Person Exchange.  For the purpose of the EDM Person Exchange, all estimates were effort based hours, i.e., the number of labor units required to complete a specific task or activity in actual staff hours.  Also, the model assumed that the number of work hours and the number of resources it will take to complete the tasks were undertaken by resources dedicated exclusively to development and implementation of the EDM Person Exchange.
 


2. Process Assumptions

The second set of assumptions in the NIEM Cost Model consists of the Process Assumptions, which cover the phases in the NIEM IEPD Lifecycle.  The first phases focus on development of the NIEM IEPD and the remaining on implementing the IEPD, as shown in Figure 1.  The numbering sequence for this section has been adjusted to fully align with the NIEM Cost Model and Project Schedule.

Figure 1. NIEM IEPD Lifecycle


[image: ]

Source: NIEM, https://www.niem.gov/technical/model-package-description/Pages/iepd-lifecycle.aspx

NIEM IEPD Lifecycle Phases, Tasks and Subtasks/Steps

1.0  Scenario Planning
The Scenario Planning phase covers the steps for initial planning for a NIEM-conformant exchange. This phase includes the following tasks: Establish a Vision, Establish a Process and Develop Scenarios.  

1.1 	Establish a Vision: Task features engagement with senior leadership and middle management to establish a shared vision and scope for the NIEM exchange.  Since the EDM Person Exchange is the first enterprise NIEM exchange for the Commonwealth, the Cost Model assumed a High level of effort for this task.

1.2 	Establish a Process: Task focuses on middle management and project management staff reaching agreement on the process model to be used for developing and implementing the NIEM exchange.  For the EDM Person Exchange, the model assumed a High level of effort for this task given that this would be the Commonwealth’s first enterprise NIEM implementation.

1.3 	Develop Scenarios: Task involves analysts working with stakeholders to create high-level scenarios and use cases for the NIEM exchange. The level of effort for this task was derived from VITA’s engagement process for the EDM Person Exchange.  The model also assumed an extensive, enterprise level of participation by Commonwealth agencies.

2.0 Requirements Analysis
The Requirements Analysis phase involves steps for identifying and documenting business and technical requirements for the NIEM-conformant exchange. This phase includes the following tasks: Define Information Content and Context and Build Domain Model.

2.1 	Define Information Content and Context: Task requires understanding and documenting business rules and requirements for the NIEM exchange.  For the EDM Person Exchange, VITA staff managed this task as part of the process model for developing the EDM Person Data Exchange Standard. 

2.2 	Build Domain Model: Task involves developing a class model that identifies the information being exchanged and associated relationships,  ​based on inputs and feedback from model stakeholders.  VITA staff completed task as developing the EDM Person Data Exchange Standard.



3.0 Mapping and Modeling
The Mapping and Modeling phase consists of documenting how data elements in the NIEM exchange under development will align (or “map”) to and replicate (“reuse”) adopted NIEM data objects, followed by associating local objects with types and elements in the NIEM data model. The final task in this phase involves establishing agreement among exchange participants on the model and terminology.

3.1 	Mapping: Task involves mapping the data elements identified in the Requirements Analysis phase to their corresponding elements in the NIEM data model, resulting in a mapping document for all the data elements. This also involves modeling the NIEM-conformant exchange using Extensible Mark-up Language (XML) and Unified Modeling Language (UML) toolsets.

3.2 	Define Terms with Exchange Partners: Task involves gaining consensus among participants in the NIEM exchange on the terminology and structure of the exchange, with the outcome being an adopted mapping document. 

4.0 Building and Validating
The Building and Validating phase focuses on the tasks required to create NIEM-conformant XML schemas to structure a NIEM exchange. This phase includes the following tasks: Identify NIEM Reference Schemas, Create NIEM Subset Schemas, Create Extension Schema or Entire Schema (for Custom XML), Create Exchange Schema, Build Constraint Schema and Validate Schema.

4.1 	Identify NIEM Reference Schemas: Task begins with navigating through the NIEM data model to identify the appropriate reference schema.  In NIEM, reference schemas contain data elements and definitions that may be reused when building new NIEM-conformant XML schemas. The identification of the most appropriate reference schema will establish the authoritative definition schema for a NIEM namespace, including the reference schemas for the NIEM Core elements and NIEM domain elements. 

4.2 	Create NIEM Subset Schema: Task involves developing what are referred to in NIEM terminology as “subset schemas,” schemas that contain a specified subset of NIEM elements and types needed for a NIEM exchange.

4.3 	Create Extension Schema or Entire Schema (for Custom XML): Task consists of defining data types and elements needed for the NIEM-conformant exchange but are not contained within the NIEM data model.  These extension schemas are intended to be reusable in other information exchanges and may initiate the development of a new NIEM domain.

4.4 	Create Exchange Schema: Task features definition of the document or root element of the instance and may provide an entry point for schema validation. Exchange schemas are unique to an individual exchange and are not intended to be reused in other exchanges.

4.5 	Build Constraint Schema: Task involves setting and applying constraints or restrictions to data elements within an exchange, for example required values and cardinality.

4.6 	Validate Schema: Task focuses on validating the NIEM exchange schema using toolsets made available online by the NIEM PMO. If the schema cannot be validated using the online toolset, developers may use the NIEM Naming and Design Rules (NDR) document, which details NIEM naming and design conventions and specifies the NIEM data model.

5.0  Assemble and Document
The Assemble and Document phase consists of preparing and packaging the NIEM IEPD into a single, self-contained portable archive file. This phase includes the following tasks: Develop NIEM Meta-Data Schema and Assemble Required IEPD Artifacts.

5.1 	Develop NIEM Meta-Data Schema: Task involves documenting (usually in XML) all relevant information about the IEPD, including the IEPD title, version and owner contact information.

5.2 	Assemble Required IEPD Artifacts: Task features compiling into a user-friendly, easy to access package all of the relevant artifacts needed to understand the NIEM IEPD. 

6.0 Publish IEPD
The Publish IEPD phase contains the tasks required for publishing an IEPD to the NIEM Repository and subsequent IEPD implementation. 

6.1 Publish IEPD to NIEM Repository: Task applies the NIEM PMO process model for publishing an IEPD into the NIEM Repository.  Since this set of tasks has been fully documented by the NIEM PMO, this methodology statement will not outline these steps.

7.0 Data Exchange Design Implementation
The Data Exchange Design Implementation phase involves design and documentation of rules and requirements (Sender and Receiver) for the NIEM-conformant exchange and features the following steps:

7.1 Design Instance Creation Rules (Sender)
7.2 Design Instance Processing Rules (Receiver)
7.3 Design Instance middleware routing rules based on data exchange
7.4 Document Business Use Cases for data exchange
7.5 Document Business Test Cases for data exchange
7.6 	MOU's for Data Exchange and Network Services

8.0 Data Exchange Development and Implementation
The Data Exchange Development and Implementation phase involves code development for the NIEM-conformant exchange and features the following steps:

8.1 Develop Instance and Implement Creation Rules
8.2 Develop Instance receiver and related system processing rules
8.3 Develop middleware data exchange business process and routing rules based on the business case

9.0 Data Exchange Testing
The Data Exchange Testing phase covers unit and integration testing of the NIEM-conformant exchange and features the following steps/test types:

9.1 Unit Test - Sending Instance and business triggering events
9.2 Unit Test - Receiving Instance and related display in receiving system 
9.3 Unit Test - Middleware for data exchange instance routing rules based on the business case
9.4 Integration Test - Send Instance based on testing scenarios
9.5 Integration Test - Receiving Instance based on testing scenarios
9.6 Integration Test - Routing and business transformation rules for the instance

10.0 	Data Exchange Deployment
The Data Exchange Deployment phase features final deployment of the Web services developed to broker the exchange and the production software for the Sender and Receiver side of the of the NIEM-conformant exchange and consists of the following steps:

10.1 Deploy Instance Sending Software
10.2 Deploy Instance Receiving Software
10.3 Deploy Instance routing and business rule logic




II. NIEM Project Schedule

The NIEM Project Schedule presents in a standard Gantt chart format the phases, tasks and subtasks that comprise the NIEM IEPD Lifecycle (Section I.C.2 above in this document).  VITA staff developed the Project Schedule using Microsoft Project, an industry standard project scheduling, charting and reporting application, based on best practices published in the Guide to the Project Management Body of Knowledge (Project Management Institute, 5th Edition, 2013). The Project Schedule follows a conventional waterfall model for project management. The schedule is developed based on actual effort the number of hours required will remain the same for other project management models.    

A. Project Schedule-Cost Model Alignment

The NIEM Project Schedule has been prepared to align with the cost estimates generated using the NIEM Cost Model, meeting the cost and timeframe estimation requirements established under Item 427 of the 2012 Appropriation Act.  This will give the General Assembly and Commonwealth agencies a more complete understanding of the resource allocations needed for the design, development, testing and implementation of a NIEM-conformant information exchange.

B. Project Schedule Assumptions

The NIEM Project Schedule covers the phases, tasks and subtasks required for the full IEPD Lifecycle supporting the EDM Person Exchange.  For the purpose of the EDM Person Exchange Project Schedule, VITA staff used the highest end of the scale for resource allocations under the Level of Effort variable in the NIEM Cost Model (Section I.B.2.2 above in this document), as shown in Table 5.  

Table 5. Level of Effort in Hours
	Level of Effort Category
	Number of Hours 

	Not Applicable (NA)
	0 hours

	Low
	40 hours

	Medium
	80 hours

	High
	160 hours



Framing the Project Schedule based on the highest end of the resource allocation scale enabled VITA staff to estimate the longest reasonable timeframe required for development, testing and deployment of the NIEM IEPD for the EDM Person Exchange. VITA recognized that the EDM Person IEPD timeframe may be less but would not be greater than that shown in the Project Schedule.  In addition to meeting the Item 427 requirements for timeframe estimates, this information gave VITA staff valuable insights for developing a strategy and schedule for forthcoming Commonwealth NIEM data exchange standards.
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