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Chapter 23 -- Test and Evaluation
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1. -- Background.

Testing and Evaluation (T&E) is an essential part of the overall Systems Engineering process.  It consists of the modeling, simulation, experimentation, or physical testing and analyses performed during the research, development, production, and fielding of a weapon system or subsystem.  The T&E process performs the following functions:

•  Assists the developer in identifying and correcting deficiencies,
•  Contributes to the decision making process,
•  Provides data supportive to trade-off analyses,\
•  Supports the refinement of system/subsystem requirements, and
•  Promotes risk reduction throughout the systems acquisition process.

This Chapter provides insight into test and evaluation (T&E) and identifies essential T&E documents such as the Test and Evaluation Master Plan (TEMP) and responsibility for their preparation.  Amplifying T&E contents are contained in references (a) and (b) Parts 3 and Appendices III, (c), (d) and (e).  (
Endnote)

There are two types of T&E – developmental and operational.  As a system undergoes design and development, the emphasis in testing moves gradually from Developmental Test & Evaluation (DT&E), which is concerned chiefly with attainment of engineering design goals, to Operational Test & Evaluation (OT&E), which focuses on questions of operational effectiveness and suitability.

a.  Developmental Test and Evaluation (DT&E).  Developmental test and evaluation is conducted throughout the acquisition process to assist in engineering design and development and to verify that technical performance specifications have been met.  DT&E is planned and monitored by the Marine Corps Systems Command (MARCORSYSCOM) Program Manager (PM) or designated Project Officer (PO) and is normally conducted by the contractor.  DT provides data and analysis in support of the decision to certify the system ready for OT.

b.  Operational Test and Evaluation (OT&E).  Where development testing is focused on meeting detailed technical specifications, the operational test focuses on the actual functioning of the equipment in a realistic combat environment in which the equipment must interact with Marines and peripheral equipment.  The DT&E provides a view of the potential to reach technical objectives, and OT&E provides an assessment of the system’s potential to satisfy user requirements as identified in the ORD.

c.  Differences.  The major differences between DT&E & OT&E are noted in the following table:

Table 23-1. -- Differences between DT&E and OT&E

	DT&E
	OT&E

	Controlled by Program Manager
	Controlled by Independent Operational Test Activity

	One-on-one tests
	Numerous tests 

	Controlled Environment
	Realistic Combat Conditions

	Contractor Involvement
	Government Only

	Trained/Experienced Operators
	Military Personnel Recently Trained on Equipment

	Measurements of Technical Performance
	Determine Operational Effectiveness and Suitability

	Test to Specification
	Test to Requirements (ORD)

	Developmental Test Article
	Production Representative Test Article


2. -- Discussion.

An effective T&E program depends on the preparation and availability of source documentation from which test issues and measurable test criteria are developed or extracted.  The following are the key documents that are essential for an effective and well organized T&E program.

a.  Mission Need Statement (MNS).  The MNS defines projected needs in generic operational terms without referring to a specific system/item and also forms the basis for the initial identification of the T&E critical issues.  The MNS is a critical acquisition document and is required to complete the TEMP.  The MNS is prepared by the Marine Corps Combat Development Command (MCCDC) and is discussed in Chapter 1.

b.  Operational Requirements Document (ORD).  Essential characteristics from the ORD provide the measurable criteria to answer DT&E and OT&E test issues.  The operational concept in the ORD is used to develop the scenario for Operational Testing (OT).  The ORD also is the primary source document for the Detailed Test Plan (DTP) prepared for OT.  The ORD is prepared by the ORD IPT in accordance with reference (f) and discussed in greater detail in Chapter 1.

c.  System Specification.  The system specification includes T&E requirements for each characteristic to be evaluated during DT&E and, along with the ORD, is used to develop the TEMP and DTP.  The specification must be consistent with the requirements specified in the ORD.  This specification document is the responsibility of the appropriate PM.

d.  Test and Evaluation Master Plan (TEMP).  The TEMP is the single most important T&E document.  The TEMP is developed by the PM with the exception of Part IV which is prepared by the Director, MCOTEA.  Both the PM and MCOTEA work to resolve any issues and ensure the integration of requirements into the Program Summary (Part II), and T&E Resources Summary (Part V).  Format for the TEMP is provided in reference (a).

e.  Detailed Test Plan (DTP).  The DTP is a set of explicit instructions for directing how every phase of a test, particularly test control and data collection is to be conducted.  The size and complexity of the DTP will be a function of the system being tested, the amount and adequacy of previous testing, and the type of testing being conducted.  Additionally, it describes threats or targets the system is expected to encounter during the operational life of the system, detailed target configurations, identification of test limitations and any differences between the tested system and the system to be fielded.  Any contractor developed DTPs will be developed and approved in accordance with the contract provisions.  DTPs for government performed DT&E will be developed by the Test Activity or contractor and for OT&E by MCOTEA.  Reference (g) Annex L provides guidance on OT DTP development and format.  This reference may be used and tailored by the PO in developing his/her DT DTP.

f.  Failure Definition/Scoring Criteria (FD/SC).  The FD/SC document serves as guidance in classifying test incidents.  FD/SC is used to score a test, the outcome of which is to determine the reliability estimates for that system at that point in time.  It should be published before the start of DT&E and is required prior to the start of OT&E.  The FD/SC shall be tailored for each system.  Systems that have relatively simple missions should have a relatively uncomplicated FD/SC.  The Operational Test Project Officer (OTPO), MCOTEA, assisted by PM/PO, MARCORSYSCOM and the MCCDC Requirements Officer (RO) will prepare the FD/SC.

3. -- Process.

It has been estimated that having to correct deficiencies adds between 10 and 30 percent to the cost of developing a weapon system.  However, significant savings can be achieved if an effective T&E program is implemented early in the acquisition process before most design decisions have been made.  A carefully planned and executed T&E Program greatly reduces the cost associated with redesign and modification efforts.  Also, T&E results figure prominently in the decisions reached at design and milestone reviews.  Since only the decision-making authority can determine the weight and importance that is to be attributed to a system’s diverse capabilities/shortcomings and the degree of risk that can be accepted, he/she must rely on a solid base of information provided by test and evaluation.  The defense system acquisition process, as delineated in Figure 23-1, consists of four phases; Phase 0-Concept Exploration, Phase I-Program Definition and Risk Reduction (PDRR), Phase II-Engineering and Manufacturing Development(EMD), and Phase III-Production, Fielding/Deployment and Operational Support (PF/DOS).

a.  Phase 0.  During Concept Exploration (CE) prior to Milestone I, laboratory testing and modeling and simulations are conducted by the contractors and MARCORSYSCOM to demonstrate and assess the capabilities of key subsystems and components.  Information gained from these activities is used to support the MS I decision to proceed to Phase I.  Key documents which should be reviewed at the time of the MS I include the Acquisition Decision Memorandum (ADM) (exit criteria), ORD, Acquisition Strategy (AS), System Threat Assessment (STA), and the TEMP.  Additional program management documents prepared before MS I include:

•  Analysis of Alternatives (AOA) or Request for Alternative Acquisition (RAA)

•  Independent Cost Estimate (ICE)

•  Life Cycle Cost Estimate (LCCE)

•  Concept Baseline, and Acquisition Program Baseline Agreement (APBA), which summarizes the weapon system’s functional specifications, performance parameters, and cost and schedule objectives

•  Total Ownership Cost (TOC) Reduction Plan
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Figure 23-1.  Testing and Acquisition Process

b.  Phase I.  During Program Definition & Risk Reduction (PDRR) prior to MS II, MARCORSYSCOM conducts DT&E to assist with engineering design, system development, risk identification, and to evaluate the contractor’s ability to attain desired technical performance in system specifications and achieve program objectives.  The DT&E include T&E of components, subsystems, and prototype development models.  T&E of functional compatibility, interoperability, and integration with fielded and developing systems and equipment is also included.  During Phase I adequate DT&E is accomplished to ensure engineering is reasonably complete and significant design problems have been identified and solutions developed.  During this phase, MCOTEA conducts Early Operational Assessments (EOA) to estimate the system’s potential to be operationally effective and suitable; identifies needed modifications; and provides information on tactics, doctrine, organization, and personnel requirements.  At the end of Phase I, MARCORSYSCOM prepares an analysis that includes testing results and supporting information, conclusions and any recommendations for further engineering development.  At the same time, MCOTEA prepares an independent EOA Report that contains estimates of the system’s potential operational effectiveness and suitability.  Together, this information is used to prepare for MS II and supports a recommendation whether the alternative system studied in Phase I should proceed to EMD.  Documents interesting to the T&E community at the time of the Milestone II review include the ADM (exit criteria), updated TEMP, updated STA, AOA/RAA, updated ORD, Development Baseline, and the EOA.

c.  Phase II.  During EMD prior to MS III, T&E activities intensify and make significant contributions to the overall acquisition decision process.  The objective is to design, fabricate, and test a pre-production system that closely approximates the final product.  During this time, T&E is conducted to satisfy the following objectives:

•  Assess any critical technical issues specified in the program documentation;

•  Assess the technical risk and evaluate the tradeoffs among specifications, operational requirements, life-cycle costs and schedules;

•  Assess the survivability, vulnerability and logistic supportability of the system;

•  Verify the accuracy and completeness of the technical documentation developed to maintain and operate the system;

•  Gather information for training programs and technical training materials needed to support the system;

•  Provide information on environmental issues for use in preparing environmental impact assessments; and

•  Determine system performance limitations and safe operating parameters.

The completion of Phase II culminates in a MS III decision.  It is at this point that a full rate production decision is normally made.  Key documents available for review at the time of the MS III review are the updated TEMP, the DT Report, the IOT&E Report, Beyond Low Rate Initial Production (BLRIP) Report, and Live Fire Test Report, as applicable.  For ACAT I and designated oversight programs, the Director of OT&E (DOT&E) is required by law to document his/her assessment of the adequacy of OT&E and the reported operational effectiveness and suitability of the system.  This is done in the BLRIP Report.  Also mandated by law is the requirement for the DOT&E to submit the Live Fire Test Report prior to the program proceeding beyond LRIP.  These DOT&E Reports may be submitted as a single assessment.

d.  Phase III.  During Production, Fielding/Deployment & Operational Support (PF/DOS), T&E activities continue to provide important insights.  Tests described in the TEMP but not conducted during Phase II are completed during Phase III.  System elements are integrated into the final operational configuration, and development testing is completed when all system performance requirements are met.  During Phase III, MARCORSYSCOM normally monitors or conducts Production Acceptance Test & Evaluation (PAT&E) to verify system compliance with the requirements and specifications of the contract.  MCOTEA continues OT&E activities after the production decision in the form of Follow-on Test & Evaluation (FOT&E).  They prepare a final report at the conclusion of FOT&E which records test results, describes the evaluation accomplished to satisfy critical issues and objectives established for FOT&E, and documents its assessment of deficiencies resolved after EMD.  Deficiencies that are not corrected are recorded.  Additionally, MARCORSYSCOM may also prepare an FOT&E Final Report that emphasizes the operational utility of the system when operated, maintained, and supported by operational personnel when using the concepts specified for the system.

4. -- Testing Commercial-Off-The-Shelf (COTS) and Non-Developmental Items (NDI).

Reference (h) indicates that commercial and NDI acquisitions need to be supported by a tailored test and evaluation process.  Additionally the reference states that “if market investigation supports a commercial or NDI solution, determine and document the remaining test and evaluation requirements in the test and evaluation plan.  The plan should also include a summary of previous testing and results.  Developers, users, and independent operational testers should work together to tailor test requirements and execution strategy.  Specific tests required will vary with each individual acquisition.  Testing should vary with the type and application of the items.”  In essence, if commercial or NDI requires testing, document the test plan in a tailored government or contractor detailed test plan.

a.  COTS Items.  COTS items include materiel that has already been developed and requires no unique government modifications.  Testing conducted on COTS items will normally be for the purpose of demonstrating that the item, modified or not, interfaces with other systems described in the requirements documents, satisfies mission needs, and meets operational requirements.  If applicable, at a minimum T&E will be conducted to verify integration and interoperability with other systems/items.  The PM/PO will ensure that the operational tester (MCOTEA) is involved in the acquisition process from the start.  The test approach will be tailored to the type of system/item and the amount of test data already available.  Sources for data should include:  vendor test data, data that may be available from other military Services and/or commercial activities.  Testing should be oriented towards filling data voids.  Given a situation in which the COTS item will be used in the same environment and is not modified, testing may not be required so long as user requirements are meet.  Conversely, COTS intended for use in a different environment from that for which designed and undergoes minor modification will require limited testing to confirm adequacy of the modification and environmental requirements

b.  (NDI).  These items are any previously developed items used exclusively for government purposes.  They are essentially the same as COTS but may require additional testing.  DT for NDI should be conducted at a minimum to verify integration and interoperability with other systems/items.  As with COTS items, NDI testing must be tailored to the needs of the item being acquired.  Significant consideration should be given to logistics support when acquiring NDI, or COTS.  Additional information on COTS/NDI may be found in Chapter 19.  More detailed information on COTS/NDI is contained in reference (h).

5. -- Other Types of Testing

a.  Multiservice T&E.  Multiservice T&E is conducted on acquisitions performed by two or more Services.  In general, the designated lead Service has overall responsibility for management of the program and will ensure their requirements are included.  Multiservice T&E will be documented in the TEMP.  For multi-service or joint programs, a single integrated TEMP is required.  Component unique content requirements can be addressed in a component prepared annex to the basic temp.

(1)  Lead Service.  Programs in which the Marine Corps is designated the lead Service, the PM/PO will manage the program and ensure the inclusion of the other  Services requirements.  It is recommended that an Memorandum of Agreement or Memorandum of Understanding (MOA/MOU) be developed to ensure harmonization of the effort.  When the Marine Corps is not the lead Service, the PM representative will defer to the other Services test instructions.  However, The PM will ensure that all Marine Corps requirements are incorporated and the resultant test requirements are reflected in the test plan.

(2)  Unique Requirements.  If a supporting Service has unique testing requirements (DT and/or OT), that Service is required to plan, fund, conduct, and report testing results for the unique areas.

b.  Joint Test and Evaluation (JT&E).  JT&E is a non-acquisition program sponsored and funded by the Office of the Secretary of Defense (OSD).  In JT&E, two or more Services coordinate and provide fielded (legacy) products for the purpose of examining joint-Service tactics and doctrine.

c.  Combined Testing.  Combined testing (DT&OT) is encouraged to the maximum extent possible.  If used, the PM/PO must ensure that the approach will not compromise either the developmental or operational test objectives.

6. -- Test and Evaluation Master Plan (TEMP)

a.  Test Strategy.  The PM/PO and the Test Integration Work Group (TIWG) will document the overall test strategy in the TEMP.  Responsibility for preparation of the TEMP resides with the PM or designated representative.  A preliminary TEMP is required by MS I

b.  Format.  DT&E will not start until a TEMP is approved.  Joint programs require multiple service approval.  See reference (a), Appendix III for format and discussion of content.

c.  Preparation.  The PM/PO will develop and update the TEMP in support of program milestones, program reviews, and other decision points.  The integrated product team (IPT) approach will be used for developing and updating the TEMP.  The automated test planning system (ATPS) is available to assist with TEMP development/updating.  More information on ATPS is contained in reference (i).  ATPS is generally structured for major systems and tailoring will be required.  ATPS may be downloaded from the internet at:  http://atps.said.com.

d.  Content.  The preliminary TEMP should be as specific as is possible.  As the system/item progresses through each milestone and becomes more clearly defined, the TEMP should become more comprehensive.  However, the TIWG must only allow those areas that can be justified to remain “ to be determined “ (TBD) in the DT&E portion of the TEMP past MS I.  The completed TEMP should be kept to approximately 25 pages (for smaller less complex items the number of pages will be less).  As previously stated, Appendix III of reference (a) provides details regarding content and format.  Major parts of the TEMP include:

•  System Introduction
•  Integrated Test Program Summary
•  DT&E Outline
•  OT&E Outline
•  T&E Resource Summary

e.  Coordination.  The PM/PO will submit the TEMP to all organizations represented on the TIWG.  Normally 30 days are allowed for coordination and the TEMP due date should be firm.  Should issues remain unresolved for more than 30 days, the dissenting organization must provide the PM/PO with a position statement or formal non-concurrence and rationale.

f.  Updates.  The preliminary TEMP must be updated prior to each milestone so as to reflect any significant changes to the program and results of testing as data evolves.  In addition, updates should be initiated if requirements are breached.  Updates may be made using “correction pages”.

g.  TIWG Membership.  Essentially the PM forms the TIWG and designates the chairperson (normally a project officer) and coordinates from each of the organizations to be involved in the test program.  TIWG members must work together as a cross-functional team for the good of the program.  Permanent members must be empowered to make decisions for their organization and, therefore, must be highly knowledgeable in their functional area and T&E matters.  As required, other Services representatives should be included.  Subject-Matter-Experts (SMEs) may be called upon to assist as required.  Typical TIWG membership may include:

Program Manager (MARCORSYSCOM)
Project Officer (MARCORSYSCOM)
T&E SMEs (MARCORSYSCOM AND MCOTEA)
MCCDC (Combat Developer)
MCOTEA (Independent Operational Tester and Evaluator)
MCTSSA (As required)
MARCORLOGBASES (As required)
Contractor Representative(s) (After contract award)
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� Footnote:  Reference (e) is presently being revised to reflect the reorganization within MARCORSYSCOM.  The revised handbook will be completed in the near future and should be used for further guidance.





