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1.0 introduction
1.1 Overview

The Office of Investment Planning and Analysis (IP&A) is responsible for developing and reviewing business cases for FAA capital investment programs. As part of this effort, IP&A reviews and validates the program’s life-cycle cost estimate, benefits estimate, and program schedule. This document provides specific instructions and best practices for developing and assessing program schedules and associated subordinate schedules for FAA investment programs.  For the remainder of this document, investment programs will be referred to as “Program(s).”  A separate schedule should be developed for each business case alternative and include all major acquisition and programmatic milestones and supporting activities. It should be aligned with the cost and benefit estimates. The FAA has enterprise licenses for Microsoft Project and Primavera P6 which are the preferred scheduling tools. Other scheduling tools are acceptable as long as they are compliant with the United Nations Centre for Trade Facilitation and Electronic Business (UN/CEFACT) Extensible Markup Language (XML) standard and are delivered in their native format and in the XML format for review and analysis. All schedules shall be assessed and analyzed using the best practices
 outlined in this document.
1.2 Corporate Work Planning

Program success depends upon managing program interfaces. When a program interfaces with field sites, the program must use the Corporate Work Plan (CWP), the planning and scheduling tool that field organizations use to manage their resources and work. The CWP is the FAA mechanism for coordinating deployment activities among interrelated investment programs.  Program managers must keep deployment information (sites, dates) up to date at least quarterly. Programs must ensure their master schedules are synchronized with CWP schedules if the program does not use CWP as their scheduling tool.
1.3 Program Management Plan and Schedule
Program success depends, in part, on having an integrated and reliable master schedule that defines when work activities will occur, their duration, how much effort and cost they will require and how they are related to one another. The program schedule not only provides a road map for systematic project execution, it also provides a means to measure progress, identify and address potential problems, and promote accountability at all levels of the program. A schedule provides a time sequence for the duration of a program’s activities and helps everyone understand both the dates for major milestones and the activities that drive the schedule. A program schedule also provides the means to develop a time-phased budget baseline. Finally, a schedule serves as an essential tool to manage tradeoffs between cost, schedule, and scope.

1.4 Scheduling Requirements

There are two standard elements to consider when developing program schedules: 
1.4.1 FAA Standard Work Breakdown Structure (WBS)

Service organizations and program offices must use the FAA Standard WBS when developing program schedules, planning implementation activities, and estimating costs for development, deployment, and lifecycle support. The same work breakdown is used to gather and track actual and planned schedule performance.

1.4.2 Earned Value Management (EVM)
Capital programs and contracts that require EVM reporting should follow the scheduling requirements contained herein and in the FAA Earned Value Management Guide.  EVM guidance is also available in the Acquisition Management System (AMS) Policy Section 4.16 or teams can contact the FAA EVM Focal Point in AFN/ACQ/AAP.
2.0 FAA Scheduling Best Practices

The ten best practices associated with a high-quality and reliable schedule are: 

2.1 Capturing all activities 
The schedule should reflect all activities as defined in the project’s work breakdown structure (WBS), which defines in detail the work necessary to accomplish a project’s objectives, including activities both the owner and contractors are to perform.
2.2 Sequencing all activities 
The schedule should be planned so that critical project dates can be met. To do this, activities need to be logically sequenced—that is, listed in the order in which they are to be carried out. In particular, activities that must be completed before other activities can begin (predecessor activities), as well as activities that cannot begin until other activities are completed (successor activities), should be identified. Date constraints and lags should be minimized and justified. This helps ensure that the interdependence of activities that collectively lead to the completion of events or milestones can be established and used to guide work and measure progress.
2.3 Assigning resources to all activities
The schedule should reflect the resources (labor, materials, overhead) needed to do the work, whether they will be available when needed, and any funding or time constraints.
2.4 Establishing the duration of all activities 
The schedule should realistically reflect how long each activity will take. When the duration of each activity is determined, the same rationale, historical data, and assumptions used for cost estimating should be used. Durations should be reasonably short and meaningful and allow for discrete progress measurement. Schedules that contain planning and summary planning packages as activities will normally reflect longer durations until broken into work packages or specific activities.
2.5 Verifying that the schedule can be traced horizontally and vertically 
The detailed schedule should be horizontally traceable, meaning that it should link products and outcomes associated with other sequenced activities. These links are commonly referred to as “hand-offs” and serve to verify that activities are arranged in the right order for achieving aggregated products or outcomes. The integrated master schedule (IMS) should also be vertically traceable—that is, varying levels of activities and supporting subactivities can be traced. Such mapping or alignment of levels enables different groups to work to the same master schedule.
2.6 Confirming that the critical path is valid 
The schedule should identify the program critical path—the path of longest duration through the sequence of activities. Establishing a valid critical path is necessary for examining the effects of any activity’s slipping along this path. The program critical path determines the program’s earliest completion date and focuses the team’s energy and management’s attention on the activities that will lead to the project’s success.
2.7 Ensuring reasonable total float 
The schedule should identify reasonable float (or slack)—the amount of time by which a predecessor activity can slip before the delay affects the program’s estimated finish date—so that the schedule’s flexibility can be determined. Large total float on an activity or path indicates that the activity or path can be delayed without jeopardizing the finish date. The length of delay that can be accommodated without the finish date’s slipping depends on a variety of factors, including the number of date constraints within the schedule and the amount of uncertainty in the duration estimates, but the activity’s total float provides a reasonable estimate of this value. As a general rule, activities along the critical path have the least float.
2.8 Conducting a schedule risk analysis 
A schedule risk analysis uses a good critical path method (CPM) schedule and data about project schedule risks and opportunities as well as statistical simulation to predict the level of confidence in meeting a program’s completion date, determine the time contingency needed for a level of confidence, and identify high-priority risks and opportunities. As a result, the baseline schedule should include a buffer or reserve of extra time.
2.9 Updating the schedule using actual progress and logic 
Progress updates and logic provide a realistic forecast of start and completion dates for program activities. Maintaining the integrity of the schedule logic at regular intervals is necessary to reflect the true status of the program. To ensure that the schedule is properly updated, people responsible for the updating should be trained in critical path method scheduling.
2.10 Maintaining a baseline schedule 
A baseline schedule is the basis for managing the project scope, the time period for accomplishing it, and the required resources. The baseline schedule is designated the target schedule, subject to a configuration management control process, against which project performance can be measured, monitored, and reported. The schedule should be continually monitored so as to reveal when forecasted completion dates differ from planned dates and whether schedule variances will affect downstream work. A corresponding baseline document explains the overall approach to the project, defines custom fields in the schedule file, details ground rules and assumptions used in developing the schedule, and justifies constraints, lags, long activity durations, and any other unique features of the schedule.

3.0 Key Elements
The ten best practices represent the key concepts of a reliable schedule in no particular order; they are not a series of steps for developing the schedule.
3.1 Best Practice 1: Capturing All Activities (Refer GAO Assessment Guide): 
The schedule should reflect all activities as defined in the project’s work breakdown structure (WBS), which defines in detail the work necessary to accomplish a project’s objectives, including activities both the owner and contractors are to perform.

3.1.1 Key questions

1. Is there an IMS for managing the entire program (not just a block, increment, or prime contractor)? Is the schedule defined at an appropriate level to ensure effective management?

2. Is the IMS maintained in scheduling software and linked to external detailed subproject schedules? Do the government program management office and contractors have different scheduling software systems? If so, how is integrity preserved and verified when converting the schedule?

3. Does the IMS include government, contractor, and applicable subcontractor effort?

4. Does the schedule reflect the program WBS and does the WBS enable the tracking of key deliverables? Does every activity trace to an appropriate WBS element, and do the activities define how the deliverables will be produced? Is there a WBS dictionary?

5. Are key milestones identified and are they consistent with the contract dates and other key dates established by management in the baseline schedule?

6. Are clear “Start” and “Finish” milestones present in the schedule? Are there too many milestones in relation to detail activities?

7. Are all activities mapped to the contract statement of work (SOW) or statement of objectives (SOO) to ensure that all effort is accounted for in the schedule? Are activities within the schedule easily traceable to key documents and other information through activity or task codes?

8. Are activity names unique and descriptive? Are activities phrased in verb-noun combinations (for example, “develop documentation”)? Are milestones named with verb-noun or noun-verb combinations (for example, “start project” or “project finished”)?

9. Are level-of-effort activities clearly marked? Are Level of Effort (LOE) activity durations determined by the activities they support?

10. Does the schedule include risk mitigation activities? 

3.1.2 Key documentation

1. Work breakdown structure (WBS), statement of work or objectives (SOW or SOO), and mission requirements

2. SOW or SOO crosswalk to the schedule WBS

3. Contractor WBS to program WBS crosswalk

4. Schedule custom fields and activity codes dictionary and LOE field identification

5. Activity codes used to organize and filter the activities into categories as necessary to confirm a complete scope of work

6. Engineering plans used to define activities, such as systems engineering plan, software development plan, risk management plan, and master test plan.

7. Systems engineering life cycle, system development life cycle, or other required life cycle documentation

8. Enterprise architecture documentation for software programs

3.1.3 Impacts if criteria not fully met

1. If activities are missing from the schedule, then other best practices will not be met. If all necessary activities are not accounted for, it is uncertain whether all activities are scheduled in the correct order, resources are properly allocated, missing activities will appear on the critical path, or a schedule risk analysis can account for all risk.

2. Failing to include all work for all deliverables, regardless of whether the deliverables are the responsibility of the government or contractor, can lead to project members’ difficulties because of an incomplete understanding of the plan and its progress toward a successful conclusion.

3. If the project schedule does not fully and accurately reflect the project, it will not be an appropriate basis for analyzing or measuring technical work accomplished and may result in unreliable completion dates, time extension requests, and delays.

4. If government work is not captured in the IMS, the program manager will be less able to plan all the work and minimize the risk of government-caused delays.

5. Because the schedule is used for coordination, missing elements will hinder coordination efforts, increasing the likelihood of disruption and delays.

6. If the schedule is not sufficiently detail planned, then opportunities for process improvement (for example, identifying redundant activities), what-if analysis, and risk mitigation will be missed.

7. LOE activities can interfere with the critical path unless they are clearly marked and represented as summary or hammock activities designed for the purpose.

8. Too many milestones in the schedule can mask the activities necessary to achieve key milestones and can prevent the proper recording of actual progress.

9. Schedules that are defined at too high a level may disguise risk that is inherent in lower-level activities. Conversely, schedules that have too much detail make it difficult to manage progress.

10. Unless the schedule is aligned to the program WBS, management cannot ensure that the total scope of work is accounted for within the schedule.

11. Repetitive naming of activities makes communication difficult between teams, particularly between team members who are responsible for updating and integrating multiple schedules.

3.2 Best Practice 2: Sequencing All Activities

The schedule should be planned so that critical project dates can be met. To do this, activities need to be logically sequenced—that is, listed in the order in which they are to be carried out. In particular, activities that must be completed before other activities can begin (predecessor activities), as well as activities that cannot begin until other activities are completed (successor activities), should be identified. Date constraints and lags should be minimized and justified to help ensure that the interdependence of activities that collectively lead to the completion of events or milestones can be established and used to guide work and measure progress.

3.2.1 Key questions

1. Have the activities and logical relationships been determined by those executing the project?

2. Are the majority of the relationships within the detailed schedules finish-to-start?

3. Are there any dangling predecessors or successors?

a. Does each activity (except the start milestone) have an F–S or S–S predecessor that drives its start date?

b. Does each activity (except the finish milestone and deliverables that leave the project without subsequent impact on the project) have an F–S or F–F successor that it drives?

4. Do summary activities have predecessor or successor links?

5. Do activities have start-to-finish links?

6. How much convergence (that is, several parallel activities converging at one major event) is there in the schedule?

7. Does the schedule contain date constraints other than “as soon as possible”? Is each one justified in the schedule documentation?

8. Is the work of suppliers, government offices or agencies, or subcontractors represented in the schedule as an activity so that risk can be applied rather than representing the “promise date” as a date constrained milestone?

9. Are lags or leads specified between the activities? Can these be more accurately characterized by improving logic or adding activity detail?

3.2.2 Key documentation

1. Justification for using hard and soft date constraints instead of activities’ duration and logic

2. Justification for lags and leads instead of activities’ duration and logic

3. Justification for any activity that has no F–S or S–S predecessor or no F–S or F–F successor

3.2.3 Impacts if criteria not fully met

1. The logical sequencing of events is directly related to float calculations and the critical path. If the schedule is missing dependencies or if activities are linked incorrectly, float estimates will be miscalculated. Incorrect float estimates may result in an invalid critical path and, thus, will not be reliable indicators of where resources can be shifted to support delayed critical activities.

2. That all interdependencies between activities are identified is necessary for the schedule to properly calculate dates and predict changes in the future. Without the right linkages, activities that slip early in the schedule do not transmit delays to activities that should depend on them. When this happens, the schedule will not provide a sufficient basis for understanding the program as a whole, and users of the schedule will lack confidence in the dates and the critical path. Finally, when activities are not correctly linked, the program cannot use the IMS to identify disconnects or hidden opportunities and cannot otherwise promote efficiency and accuracy or control the program by comparing actual to planned progress.

3. Logical sequencing promotes a more realistic workflow. If missing, project team members can misunderstand one another, especially regarding receivables and deliverables.

4. The presence of “dangling activities” reduces the credibility of the calculated activity start and finish dates and the identity of the critical paths. The slip or elongation of an activity that has no logical successor will not reflect its effect on the scheduled start dates of successor activities.

a. If an activity—other than the start milestone—does not have an F–S or S–S predecessor that drives its start date, the activity will start earlier if its duration is projected to be longer than originally believed. An earlier start may be illogical.

b. If an activity—other than the finish milestone or deliverable that leaves the project—does not drive a successor by an F–S or F–F link, the implications of its running late or long are not passed on to any successor activity.

5. The ability of a schedule to forecast start and finish dates of activities and key events is directly related to the complexity and completeness of the schedule network. Unless complete network logic is established, the schedule cannot predict impacts on the project’s planned finish date from, among other things, misallocated resources, delayed activities, external events, and unrealistic deadlines.

6. Because a logic relationship dictates the effect of an on-time, delayed, or accelerated activity on following activities, any missing logic relationship is potentially damaging to the entire network.

7. Path convergence issues can represent an unrealistic plan by implying that a large number of activities must be finished at the same time before a major event can occur as planned. An excess number of parallel relationships can indicate an overly aggressive or unrealistic schedule.

8. Hard date constraints that restrict activities to starting or finishing on a specific date must be justified by referring to some controlling event outside the schedule. Date constraints prevent activities from responding dynamically to network logic, including actual progress and availability of resources. They can seriously affect float calculations and the identification or continuity of the critical path and can mask actual progress or delays in the schedule.

9. Hard and soft constraints interfere with the results of a schedule risk analysis because they prevent activity dates within the schedule from dynamically responding to changes in predecessor dates.

10. A customer-mandated date is not a legitimate reason to constrain an activity. A schedule is intended to be a dynamic, pro-active planning and risk mitigation tool that models the project and can be used to track actual progress toward important project milestones. Schedules with constrained dates can portray an artificial or unrealistic view of the project plan.

11. Constraints should be used only when necessary and only if their justification is documented because they override network logic and restrict how planned dates respond to actual accomplished effort or resource availability. A large number of activities with constraints is typically a substitute for logic and can mean that the schedule is not well planned and may not be feasible.

12. The start-no-later-than (SNLT) and finish-no-later-than (FNLT) constraints prevent activities from starting or finishing later than planned, essentially restricting the ability of any predecessor delays to affect their start and finish dates.

13. Applying constraints to represent the availability of resources requires constant manual upkeep of the schedule.

14. Mandatory start and finish constraints are the most rigid of all constraints because they do not allow the activity either to take advantage of time savings by predecessor activities or to slip in response to delayed predecessors or longer-than-scheduled durations.

15. The time to produce an external product should be represented by a reference or schedule visibility activity rather than a constrained milestone representing receipt of the product. By modeling vendor or contractor production as an activity, the program office can track the contractor’s high-level progress and apply risk to the external production activity.

16. Lags must be justified because they may represent work or a delay that may be variable while the lag is static. Lags should not be used to represent activities because they cannot be easily monitored or included in the risk assessment and do not take resources. Activities represented by lags are not, in fact, risk free.

17. Constantly updating lags manually defeats the purpose of a dynamic schedule and makes it particularly prone to error.

18. The use of a lag with F–S logic is generally not good practice because it is generally not necessary. In such cases, every effort should be made to break activities into smaller tasks and to identify realistic predecessors and successors so that logic interface points are clearly available for needed dependency assignments.

19. Leads are generally not valid. As negative lags, leads imply the unusual measurement of negative time and exact foresight about future events.

20. Lags are also often used as buffers for risk between two activities, but this practice should be discouraged because the lags persist even as the actual intended buffer is used up.

3.3 Best Practice 3: Assigning Resources to All Activities

The schedule should reflect the resources (labor, materials, overhead) needed to do the work, whether they will be available when needed, and any funding or time constraints.

3.3.1 Key questions

1. What resources are specified and assigned to the activities? At what level of detail are resources specified (for example, labor categories, organizations, or individual names)?

2. Are significant material and equipment resources captured in the schedule?

3. Do the resources have logical resource calendars?

4. How were resource estimates developed for each activity?

5. Has analysis been performed to ensure that resources are sufficient and available in each work period when needed?

a. Are there potential difficulties in obtaining scarce resources to accomplish the work?

b. Are there work periods for which more resources are required than are available? What is the plan for resolving resource deficiencies?

6. Has resource leveling been performed?

7. To what extent are the resource estimates in the schedule consistent with those in the project cost estimate?

3.3.2 Key documentation

1. Basis of estimates for resource assumptions should align with resource estimates within the cost estimates.

2. A resource allocation planning document should define resource profiles and tables for unique resources derived from the schedule.

3. Resource output from scheduling software across all project schedules should be reported. This highlights the problem of assigning resources to several schedules in parallel. It also catches any issues with the resource leveling assumptions that the software is using and the use of “placeholder” resource names.

3.3.3 Impacts if criteria not fully met

1. Information on resource needs and availability in each work period assists the program office in forecasting the likelihood that activities will be completed as scheduled. If the current schedule does not allow insight into current or projected allocation of resources, then the risk of the program’s slipping is significantly increased. Over allocated resources result in inefficiency (for example, staff are less productive because of extended overtime) or project delay from unavailable resources.

2. Resources must be considered when creating a schedule because their availability directly affects an activity’s duration.

3. A schedule without resources implies an unlimited number of resources and their unlimited availability.

4. If there is no justification for allocating and assigning resources, the schedule will convey a false level of accuracy.

5. Bow waves in forecasts of resource assignments represent the need for large amounts of resources near the end of work streams to finish deferred or delayed work on time. Often the number of resources and funding required at the peak of the bow wave are unrealistic.

6. If resource leveling causes enormous delays in the project finish date—for example, by many months or years—then the original resource assumptions, network logic, or activity durations must be examined for pragmatism.

7. Automatic resource leveling can lead to inefficient output by delaying activities if only partial resources are available and preventing activities from being partially accomplished while waiting for the full complement of resources to become available.

8. Incorrect resource assumptions (usually in the form of unwarranted optimism) will lend unreasonable credence to a resource-leveled schedule, and the resulting leveled schedule will convey a false sense of precision and confidence to senior decision makers.

9. A schedule that has not reviewed and resolved resource utilization issues is not credible.

10. If the baseline schedule does not identify the planned resources, it cannot be used to make important management decisions, such as reallocating resources from activities with significant float to critical activities that are behind schedule.

11. If the schedule does not have resource assignments, management’s ability to monitor crew productivity, allocate idle resources, monitor resource-constrained activities, and level resources across activities is severely limited.

3.4 Best Practice 4: Establishing the Duration of All Activities

The schedule should realistically reflect how long each activity will take. When the duration of each activity is determined, the same rationale, historical data, and assumptions used for cost estimating should be used. Durations should be reasonably short and meaningful and allow for discrete progress measurement. Schedules that contain planning and summary planning packages as activities will normally reflect longer durations until broken into work packages or specific activities.

3.4.1 Key questions

1. Were durations determined from work to be done and realistic assumptions about available resources, productivity, normal interferences and distractions, and reliance on others?

2. For a detailed schedule, are durations short enough to be consistent with the needs of effective planning and project execution? Are durations no more than two reporting periods for effective statusing and progress reporting of near-term work? Are activity durations too short?

3. Are activities long in duration because of LOE or rolling wave planning?

4. Were durations estimated by the person responsible for the activities or reviewed with experts who have experience with similar types of work?

5. Was the project duration determined by some target or mandated date?

6. Are durations based on appropriate calendars? Do any specific conditions necessitate special calendars, and are they addressed (for example, religious holidays, non-work periods for climate, shift work, unavailability of resources)? Are activity durations assigned inconsistent time units?
3.4.2 Key documentation

1. How durations of work activities were estimated is documented at the appropriate level of detail. For instance, the basis of estimate includes the assumptions made to justify the durations assumed for the cost. These should be consistent with the durations at the same level of detail.

2. Documentation justifies nonstandard working calendars.

3. Documentation justifies excessively long durations, including the identification of LOE activities and how they were scheduled. 

3.4.3 Impacts if criteria not fully met

1. If activities are too long, the schedule may not have enough detail for effective progress measurement and reporting.

2. If activities are too short, the schedule may be too detailed. This may lead to excessive work in maintaining the logic, updating the status of activities, and managing the many short-duration activities.

3. When durations are not based on the effort required to complete an activity, the resources available, resource efficiency, and other factors such as previous experience on similar activities, then there is little confidence in meeting the target deliverable date.

4. Schedules determined by imposed target completion dates rather than work and logic are often infeasible.

5. Durations estimated under optimal or “success-oriented” conditions will produce unrealistic project delivery dates and unreliable critical paths and could mask program or project risks.

6. Proper use of resource and task calendars will usually preclude the need for soft constraints in schedules. But improperly defined task or resource calendars will incorrectly represent the forecasted start, finish, and durations of planned activities.

7. The default calendar in a schedule software package rarely has appropriate national holidays defined as exceptions and will not have specific blackout periods or other project-specific exceptions defined.

8. Schedules will incorrectly represent the forecasted start, finish, and durations of planned work if resources are assigned to incorrect calendars. Ensuring realistic calendars will provide for more accurate dates and may reveal opportunities to advance the work.

3.5 Best Practice 5: Verifying That the Schedule Can Be Traced Horizontally and Vertically

The detailed schedule should be horizontally traceable, meaning that it should link products and outcomes associated with other sequenced activities. These links are commonly referred to as “hand-offs” and serve to verify that activities are arranged in the right order for achieving aggregated products or outcomes. The integrated master schedule (IMS) should also be vertically traceable—that is, varying levels of activities and supporting subactivities can be traced. Such mapping or alignment of levels enables different groups to work to the same master schedule.

3.5.1 Key questions

1. Is all logic in place and has the technical content of the schedule been validated?

2. Are major hand-offs and deliverables easily identified in the schedule? How are major hand-offs and deliverables negotiated and monitored?

3. Does the schedule have fields that record the responsible givers and receivers?

4. Are the key dates consistent between lower-level detailed working schedules and higher-level summary schedules? Do all lower-level activities roll up into higher WBS levels?

5. Do major milestones map between the schedule and management-level briefing charts?

3.5.2 Key documentation

1. All representations of the schedule are given as of a specific time. These may include different levels of the same schedule used in presentations as well as schedule representation using different platforms (scheduling or presentation packages) for different audiences.

2. The integration between summary, intermediate, and detailed schedules is demonstrated.

3.5.3 Impacts if criteria not fully met

1. If the schedule is not horizontally traceable, there may be little confidence in the calculated dates or critical paths. Schedules that are not horizontally integrated may not depict relationships between different program elements and product handoffs. Any logic errors between summary, intermediate, and detailed schedules will cause inconsistent dates between schedules and will cause different expectations between management and activity owners.

2. Unless the schedule is horizontally traceable, activities whose durations are greatly extended will have no effect on key milestones.

3. Schedules that are not horizontally integrated may not depict relationships between different program elements and product handoffs. When this happens, hand-offs of project subcomponents cannot be fully traced to the end product, leading to less effective project management.

4. Vertical traceability provides assurance that the representation of the schedule to different audiences is consistent and accurate. Without vertical traceability, there may be little confidence that all consumers of the schedule are getting the same correct schedule information.

5. Unless the schedule is vertically traceable, lower-level schedules will not be consistent with upper-level schedule milestones, affecting the integrity of the entire schedule and the ability of different teams to work to the same schedule expectations.

6. Without horizontal and vertical traceability, there is no valid critical path or computation of float.

3.6 Best Practice 6: Confirming That the Critical Path Is Valid

The schedule should identify the program critical path—the path of longest duration through the sequence of activities. Establishing a valid critical path is necessary for examining the effects of any activity’s slipping along this path. The program critical path determines the program’s earliest completion date and focuses the team’s energy and management’s attention on the activities that will lead to the project’s success.

3.6.1 Key questions

1. 1. Is the critical path, or longest path in the presence of late-date constraints, calculated by the scheduling software valid?

a. Are any activities in the schedule missing logic or constrained without justification? Are these issues resulting in an unreliable critical path?

b. Is the critical path a continuous path from the status date to the major completion milestones?

c. Does the critical path start with a constraint so that other activities are unimportant in driving the milestone date? If so, is there justification for that constraint?

d. Does the critical path include LOE activities? Is the critical path driven by activities of unusually long duration?

e. Is the critical path driven in any way by lags or leads?

2. Does management use the critical path to focus on activities that will have detrimental effects on key project milestones and deliveries if they slip?

3. Does the scheduling software identify activities that drive the dates of key deliveries and milestones?

4. If there are several important milestones, are the critical paths to them clearly identified, continuous, and free of constraints, LOE activities, leads, and lags?

3.6.2 Key documentation

1. Important program deliverables or milestones for which critical paths should be established are identified.

2. Printouts of the logic diagram indicate the longest paths to the important milestones, as well as critical paths based on total float to all major milestones.

3. Near-critical paths are identified.

3.6.3 Impacts if criteria not fully met

1. Successfully identifying the critical path relies on capturing all activities (Best Practice 1), properly sequencing activities (Best Practice 2), horizontal traceability (Best Practice 5), the reasonableness of float (Best Practice 7), accurate status updates (Best Practice 9), and—if there are resource limitations—assigning resources (Best Practice 3). Unless the schedule is fully horizontally traceable, the effects of slipped activities on successor activities cannot be determined. If the schedule is missing dependencies or if activities are not linked correctly, float estimates will be miscalculated. Incorrect float estimates will result in an invalid critical path and will hinder management’s ability to allocate resources from noncritical activities to those that must be completed on time.

2. Until the schedule can produce a true critical path, the program office will not be able to provide reliable timeline estimates or identify when problems or changes may occur and their effect on downstream work. 

3. LOE activities should not drive the schedule. LOE and repetitive activities support effort, and their durations are determined by detail activities. For example, a project’s length is not determined by biweekly meetings or program management. If the schedule has discrete durations and driving logic for LOE activities, it will potentially confuse the identification of, and deflect program attention away from, the critical path. If LOE is critical, management has no indication of which activities can slip and which will respond positively to additional resources to reduce the risk of finishing late.

4. Without a valid critical path, management cannot focus on activities that will have detrimental effects on the key project milestones and deliveries if they slip.

5. Risk in activities on critical paths should be examined and mitigated because it has the potential to delay key program deliveries and milestones.

6. The review and analysis of near-critical paths is important because their activities are likely to overtake the existing critical path and drive the schedule.

3.7 Best Practice 7: Ensuring Reasonable Total Float

The schedule should identify reasonable float (or slack)so that the schedule’s flexibility can be determined. Large total float on an activity or path indicates that the activity or path can be delayed without jeopardizing the finish date. The length of delay that can be accommodated without the finish date’s slipping depends on a variety of factors, including the number of date constraints within the schedule and the amount of uncertainty in the duration estimates, but the activity’s total float provides a reasonable estimate of this value. As a general rule, activities along the critical path have the least float.

3.7.1 Key questions

1. Are the total float values the scheduling software calculates reasonable and do they accurately reflect true schedule flexibility?

2. Are excessive values of total float being driven by activities that are missing logic?

3. Is total float calculated to the main deliveries and milestones as well as to the project’s completion?

4. Is total float monitored? Does management have a plan to mitigate negative total float?

5. Does management rely on free float to level resources or reassign resources to assist critical activities?

3.7.2 Key documentation

1. The project team can use a list of activities sorted by their total float values to determine whether the total float values correctly reflect flexibility in the project schedule.

3.7.3 Impacts if criteria not fully met

1. If the schedule is missing activities or dependencies or links activities incorrectly, float estimates will not be accurate. Incorrect float estimates may result in an invalid critical path and an inaccurate assessment of project completion dates. In addition, inaccurate values of total float falsely depict true project status, which could lead to decisions that may jeopardize the project. For example, if activities are not linked correctly to successors, total float will be greater than it should be.

2. Because the critical path is directly related to the logical sequencing of events and float calculations, if the schedule is missing dependencies or if activities are incorrectly linked, float estimates will be miscalculated, resulting in an invalid critical path.

3. Without accurate values of total float, it cannot be used to identify activities that could be permitted to slip and thus release and reallocate resources to activities that require more resources to be completed on time.

4. Negative float indicates that not enough time has been scheduled for the activity and is usually caused by activities taking longer or starting later than planned, making target dates infeasible. The project may have to take some corrective action or the negative float may act as a lien against or threat to the project end date.

5. Too little float built into the schedule may indicate insufficient time to recover from delay without slipping the program’s completion date.

3.8 Best Practice 8: Conducting a Schedule Risk Analysis

A schedule risk analysis uses a good critical path method (CPM) schedule and data about project schedule risks and opportunities as well as statistical simulation to predict the level of confidence in meeting a program’s completion date, determine the time contingency needed for a level of confidence, and identify high-priority risks and opportunities. As a result, the baseline schedule should include a buffer or reserve of extra time.

3.8.1 Key questions

1. Was an SRA performed to determine the confidence level in achieving the program schedule and other key dates?

a. Was the schedule checked to ensure that it meets best practices before the simulation was conducted?

b. Are there data fields within the schedule for risk analysis such as low, most likely, and high durations?

c. Were uncertainties in activity durations statistically correlated to one another?

d. How much schedule contingency was selected and what is the probability of meeting the completion date?

e. Did the SRA identify activities during the simulation that most often ended up on the critical path, so that near-critical path activities can be closely monitored?

2. Was a risk register used as an input to schedule development?

a. Was the risk register used in identifying the risk factors potentially driving the schedule before the SRA was conducted?

b. Once the SRA was conducted, were risks prioritized by probability and magnitude of impact?

3. Are the SRA data, assumptions, and methodology available and documented?

4. Have the risk inputs been validated? Are the ranges reasonable and based on information gathered from knowledgeable sources? Is there evidence of bias in the risk data?

5. How is the use of schedule contingency controlled and authorized?

3.8.2 Key documentation

1. A risk register with prioritized risks should be available.

2. SRA documentation should include assumptions, methodology, data, data normalization techniques, and findings.

3. If applicable, people should be listed who were interviewed or included in risk interviews, including their organization, position, or expertise.

4. The schedule risk analysis file is available. 

3.8.3 Impacts if criteria not fully met

1. If a schedule risk analysis is not conducted, the following cannot be determined:

a. the likelihood of the project’s completion date,

b. how much schedule risk contingency is needed to provide an acceptable level of certainty for completion by a specific date,

c. risks most likely to delay the project,

d. how much contingency reserve each risk requires, and

e. the paths or activities that are most likely to delay the project.

2. Because activity durations are uncertain, the identity of the true critical path is also unknown unless a schedule risk analysis has been performed. An SRA can identify the paths that are most likely to become critical as the project progresses so that risk mitigation can lessen the effect of any delays.

3. Unless a statistical simulation is run, calculating the completion date from schedule logic and the most likely duration distributions will tend to underestimate the program’s overall critical path duration.

4. 4. If the schedule risk analysis is to be credible, the program must have a quality schedule that reflects reliable logic and clearly identifies the critical path. If the schedule does not follow best practices, confidence in the SRA results will be lacking. Without this analysis, the program office cannot sufficiently understand the level of confidence in meeting the program’s completion date and identifying reserves for contingencies.

5. If the program does not have sufficient schedule reserve, then risk mitigation actions and schedule issues from unforeseen events may not be managed without a schedule delay.

6. If the task durations are not correlated to one another, the uncertainty on the critical path duration will be underestimated.

3.9 Best Practice 9: Updating the Schedule Using Actual Progress and Logic

Progress updates and logic provide a realistic forecast of start and completion dates for program activities. Maintaining the integrity of the schedule logic at regular intervals is necessary to reflect the true status of the program. To ensure that the schedule is properly updated, people responsible for the updating should be trained in critical path method scheduling.

3.9.1 Key questions

1. Is the schedule progress recorded periodically? Has the schedule been updated recently as planned? Is the status date recorded? Is at least one in-progress activity critical?

2. Do any activities have start or finish dates in the past without actual start or finish dates? Are there any activities with actual start or finish dates in the future?

3. Is responsibility for changing or reporting the state on the schedule assigned to someone who has the proper training and experience in CPM scheduling?

4. Is there a list of logic changes that were made to the schedule during the update? Are there any comments in the schedule activities to document logic changes?

5. Were any activities started or completed out of sequence? If so, was the logic retained, or did the scheduler use progress override?

6. A schedule narrative accompanies each status update and includes

a. the status of key milestone dates, including the program finish date;

b. the status of key hand-offs or giver/receiver dates;

c. explanations for any changes in key dates;

d. changes in network logic, including lags, date constraints, and relationship logic and their effect on the schedule timeframe;

e. a description of the critical paths, near-critical paths, and longest paths along with a comparison to the previous period’s paths; and

f. any significant scheduling software options that changed between update periods, such as the criticality threshold for total float, progress override versus retained logic, or whether or not resource assignments are progressed along with duration.

7. Is the schedule structure examined after each update to ensure that no logic is missing, constraints are necessary, and no activities impede the ability of the schedule to dynamically forecast dates?

3.9.2 Key documentation

1. The schedule shows actual and planned dates, remaining duration for in-process activities, and the status date.

2. Copies of project management review (PMR) briefings to verify whether schedule status is discussed and consistent with the schedule.

3.9.3 Impacts if criteria not fully met

1. If the schedule is not continually monitored to determine when forecasted completion dates differ from planned dates, then it cannot be used to determine whether schedule variances will affect downstream work.

2. Maintaining the integrity of the schedule logic is not only necessary to reflect true status but is also required before conducting a schedule risk analysis. If the schedule has not been updated, then it is impossible to tell what activities have been completed, are in progress, are late, and are planned to start on time.

3. A schedule that has not been updated will not reflect what is actually occurring on the project and hence may have inaccurate completion dates and critical paths. When this is the case, management cannot use the schedule to monitor progress and make decisions regarding risk mitigation, resource allocations, and so on.

4. Unless a status date is provided, the schedule cannot be used to reliably convey effort spent and remaining.

5. A schedule with progress remaining out of sequence may have the wrong logic in place and, hence, inaccurate critical paths and completion dates.

6. If unfinished work remains in the past, the schedule no longer represents a realistic plan to complete the project, and team members will lose confidence in the model.

7. At least one in-progress activity is critical. If not, it is most likely that date constraints or external dependencies are separating subsequent from in-progress activities. Such breaks in the critical or longest path represent weak or incomplete logic, causing a lack of credibility in the identity of the path and the schedule dates.

8. Without a documented, consistently applied schedule change control process, project staff might continually revise the schedule to match performance, hindering the project manager’s insight into the true performance of the project. Good documentation helps with analyzing changes in the program schedule and identifying the reasons for variances between estimates and actual results, thereby contributing to the collection of cost, schedule, and technical data that can be used to support future estimates.

9. Unless the schedule is kept updated, trend reports and analyses that highlight problems will not be useful in mitigating future delays.

10. Unless progress records are archived, historical data necessary for resource, work, and productivity assumptions for future analogous projects will not be available. If sufficient attention is paid to recording the way work is actually performed, the resulting archived data will help improve the accuracy and quality control of future similar projects.

3.10 Best Practice 10: Maintaining a Baseline Schedule

A baseline schedule is the basis for managing the project scope, the time period for accomplishing it, and the required resources. The baseline schedule is designated the target schedule, subject to a configuration management control process, against which project performance can be measured, monitored, and reported. The schedule should be continually monitored so as to reveal when forecasted completion dates differ from planned dates and whether schedule variances will affect downstream work. A corresponding baseline document explains the overall approach to the project, defines custom fields in the schedule file, details ground rules and assumptions used in developing the schedule, and justifies constraints, lags, long activity durations, and any other unique features of the schedule.

3.10.1 Key questions

1. Is the baseline schedule the basis for measuring performance?

2. Does a baseline schedule document exist? Does the document:
a. Describe the general approach to the project, define how to use the electronic schedule file, and describe the schedule’s unique features?

b. Describe the schedule change management process?

c. Contain a dictionary of abbreviations, acronyms and custom fields?

d. Provide an overview of the assumptions and ground rules, including justification for calendars and any lags, constraints, or long activity durations?

e. Describe the use of resources within the schedule?

f. Describe the critical risks prioritized in a schedule risk analysis as well as schedule contingency?

g. Discuss the derivation of the critical paths and longest path and justify excessive total float?

3. Are changes to the baseline schedule reviewed and approved according to the schedule change control process?

4. Is trend analysis performed, such as monitoring start and finish dates, available float, and available schedule contingency?

5. Is there a large bow wave of work to the right of the status date that is unrealistic?

3.10.2 Key documentation 

1. The designated baseline schedule is available.

2. The schedule change control process is described.

3. The current schedule change control log is available.

4. The baseline schedule is documented.

3.10.3 Impacts if criteria not fully met

1. Without a formally established baseline schedule to measure performance against, management cannot identify or mitigate the effect of unfavorable performance.

2. Good documentation helps with analyzing changes in the program schedule and identifying the reasons for variances between estimates and actual results, thereby contributing to the collection of cost, schedule, and technical data that can be used to support future estimates.

3. Thorough documentation is essential for validating and defending a baseline schedule. A well-documented schedule can convincingly argue for a schedule’s validity and can help answer decision makers’ and oversight groups’ probing questions. A well-documented schedule is essential if an effective independent review is to ensure that it is valid and credible.

4. If changes are not controlled and fully documented, performance cannot be accurately measured against the original plan. Undocumented or unapproved changes will hamper performance measurement and may result in inaccurate variance reporting, inconsistent stakeholder versions of the plan, and unreliable schedule data.

5. Without a schedule change control process, traceability for all status updates will be unreliable, and there will be no guarantee that stakeholders are using the same version of the schedule.

6. Unless schedule variances are monitored, management will not be able to reliably determine whether forecasted completion dates differ from the planned dates.
7. Without trend analysis, management will lack valuable information about how a program is performing. Knowing what has caused problems in the past can help determine whether they will continue in the future.
Appendix A:  Recommended Data Collection Instrument (DCI)
	Artifact
	Complete

	1. The Integrated Master Schedule (IMS), including all related embedded project schedules (if applicable). These should be in a software schedule file format (e.g. Microsoft Project, Primavera P6, etc.). PDF or PowerPoint files are not considered valid schedule file formats and will not be accepted. This submission should include both the baseline IMS and the latest statused (updated) IMS. Please note the software used to create and maintain the schedule.
	

	2. Schedule dictionary or similar documentation that includes definitions of custom fields, especially those that contain information on level of effort activities; contractor versus government effort; and statement of work, statement of objective, work package, integrated master plan, and/or control account mappings.
	

	3. Integrated Master Plan, if applicable
	

	4. Work Breakdown Structure (WBS) and WBS Dictionary
	

	5. Statement of Work or Statement of Objectives and Mission Requirements
	

	6. Cross-walk between the WBS or SOW and the schedule activities
	

	7. Identification of the main deliverable(s) including the designation of the path(s) that the project considers critical
	

	8. Schedule baseline documentation
	

	9. Basis of Estimate or other documentation used to estimate activity durations and assigned resources
	

	10. Relevant scheduling guidance, such as contract line item numbers (CLINs), data item descriptions (DIDs) or agency directives, that govern the creation, maintenance, structure, and allow assessing the status of the schedule
	

	11. Schedule risk analysis documentation, including the analytical approach, assumptions, and results
	

	12. Risk Management Plan and a copy of current risk watch list
	


Appendix B:  Detailed Schedule Analysis Checklist
Best Practice 1: Capturing All Activities

The schedule should reflect all activities as defined in the project’s work breakdown structure (WBS), which defines in detail the work necessary to accomplish a project’s objectives, including activities to be performed by both the owner and contractors.

	Key Questions
	Validation Method

	1. Is there an Integrated Master Schedule (IMS) for managing the entire program (not just a block, increment, or prime contractor)?
	Yes/No – Based upon assessment. Interview Program Management Office (PMO) staff.

	a. Is the schedule defined at an appropriate level to ensure effective management?
	Yes/No – Based upon assessment. Interview PMO staff.

	2. Is the IMS maintained in scheduling software and linked to external detailed subproject schedules?
	Yes/No – Based upon assessment. Interview PMO staff and Insert Project Field Subproject File. If all are blank, there are no external subprojects. If not, there are subprojects. Insert Project Field External Task. If there is a task that equals yes, then there is an activity that is referring to a task in a file that is not included with the IMS.

	a. Do the government program office and contractors have different scheduling software systems?
	Yes/No – Based upon assessment. Interview PMO staff.

	b. If so, how is integrity preserved and verified when converting the schedule?
	Explanation and/or process documentation required from PMO staff – Based upon assessment. Interview PMO staff.

	3. Does the IMS include government, contractor, and if applicable, subcontractor effort?
	Yes/No – Based upon assessment. Review WBS and WBS Dictionary.

	4. Does the schedule reflect the program WBS and does the WBS enable the tracking of key deliverables?
	Yes/No – Based upon assessment. Use WBS Chart Pro to review the WBS.

Review WBS and WBS Dictionary. Is there a Custom Field or other method for tracking key deliverables?

	a. Does every activity trace to an appropriate WBS element and do the activities define how the deliverables will be produced?
	Yes/No – Based upon assessment. Additionally, based upon schedule health metrics criteria Tasks With Missing WBS (will need to know what Custom Field the WBS is in and identify it). Spot check WBS and WBS Dictionary against IMS WBS entries. Do the detail activities define the work necessary to produce the deliverables?

	b. Is there a WBS dictionary?
	Yes/No – Based upon assessment. Review WBS Dictionary.

	5. Are key milestones identified and are they consistent with the contract dates and other key dates established by management in the baseline schedule?
	Yes/No – Based upon assessment. Interview PMO staff. Are key dates or milestones identified in Custom Fields and do they map to other program documentation?

	6. Are there clear starts and finish milestones in the schedule?
	Yes/No – Based upon assessment. Interview PMO staff. Search for start milestone and finish milestone. 

	a. Are there too many milestones in relation to detail activities?
	Yes/No – Based upon schedule health metrics criteria Milestones

	7. Are all activities mapped to the contract Statement of Work (SOW) or Statement of Objectives (SOO) to ensure that all effort is accounted for in the schedule?
	Yes/No – Based upon assessment. Interview PMO staff. Review WBS and WBS Dictionary. Cross- check with other program documentation.

	a. Are activities within the schedule easily traceable to key documents and other information through activities or task codes?
	Yes/No – Based upon assessment. Interview PMO staff. Are key deliverables identified in a Custom Field?

	8. Are activity names unique and descriptive?
	Yes/No – Based upon assessment. Spot check and use best judgment.

	a. Are activities phrased using verb-noun formats (for example, “develop documentation”)?
	Yes/No – Based upon assessment.

	b. Are milestones named verb-noun or noun-verb formats (for example, “start project” or “project finished”)?
	Yes/No – Based upon assessment. Spot check and use best judgment.

	9. Are level-of-effort activities clearly marked?
	Yes/No – Based upon Custom Field for LOE. Interview PMO staff. Is LOE identified in a Custom Field or other method?

	a. Are LOE activity durations determined by the activities they support? 
	Yes/No – Based upon assessment. Interview PMO staff. Is the LOE duration determined by a Paste Link duration? How will the LOE duration increase or decrease?

	10. Does the schedule include risk mitigation activities?
	Yes/No – Based upon assessment. Review risk register and check schedule to determine if risks and mitigation activities are included in the schedule. Are risks and mitigation activities identified in a Custom Field or other method?


Best Practice 2: Sequencing All Activities

The schedule should be planned so that major project events or milestones can be met. To meet this objective, activities need to be logically sequenced—that is, logically linked in the order in which they are to be carried out. In particular, activities that must be completed before other activities can begin (predecessor activities), as well as activities that cannot begin until other activities are completed (successor activities), should be identified. This helps ensure that interdependencies among activities that collectively lead to the accomplishment of events or milestones can be established and used as a basis for guiding work and measuring progress.

	Key Questions
	Validation Method

	1. Have the activities and logical relationships been determined by those executing the project?
	Yes/No – Based upon assessment. Additionally, based upon schedule health metrics criteria Missing Predecessors and Missing Successors.

	2. Are the majority of the relationships within the detailed schedules finish-to-start?
	Yes/No – Based upon schedule health metrics criteria Tasks Without Finish-to-Start Predecessors.

	3. Are there any dangling predecessors or successors? 
	Yes/No – Based upon schedule health metrics criteria Dangling Activities.

	a. Does each activity (except the start milestone) have an F-S or S-S predecessor that drives its start date? 
	Included in above.

	b. Does each activity (except the finish milestone and deliverables that leave the project without subsequent impact on the project) have an F-S or F-F successor that it drives? 
	Included in above.

	4. Do summary activities have predecessor or successor links?
	Yes/No – Based upon schedule health metrics criteria Summary Tasks With Predecessors and Summary Tasks With Successors.

	5. Do activities have start-to-finish links?
	Yes/No – Based upon schedule health metrics criteria Tasks With Start-to-Finish Relationships (this is a custom filter).

	6. How much convergence (that is, several parallel activities converging at one major event) is there in the schedule?
	Determine the number parallel tasks converging into one event (7 or more should receive further analysis) – Based upon assessment. Additionally, based upon schedule health metrics criteria Schedule Criticality (this is a custom filter).

	7. Are there date constraints other than “As soon as possible” (ASAP) in the schedule?
	Yes/No – Based upon schedule health metrics criteria Tasks with Constrained Dates. Additionally, based upon schedule health metrics criteria Tasks with Hard Constraints (this is a custom filter). The hard constraints check is a secondary check. The hard constraints are included in the Tasks with Constrained Dates check. However, “all” hard constraints should be removed to perform a schedule risk analysis. All hard and soft constraints should be documented.

	a. Is each of these justified in documentation provided? 
	Yes/No – Based upon assessment and review of Custom Field or Notes for Justification. Interview PMO staff.

	8. Is the work of suppliers, government offices or agencies, or subcontractors represented in the schedule as an activity so that risk can be applied rather than representing the “promise date” as a date constrained milestone?
	Yes/No – Based upon assessment. Interview PMO staff. Review WBS and WBS Dictionary.

	9. Are lags or leads (negative lags) specified between the activities?
	Yes/No – Based upon schedule health metrics criteria Tasks with Predecessors Containing Leads or Lags and Tasks with Successors Containing Leads or Lags (these are custom filters).

	a. Can leads or lags be more accurately characterized through improved logic or additional activity detail?
	Yes/No – Based upon assessment. Interview PMO staff.


Best Practice 3: Assigning Resources to All Activities

The schedule should reflect what resources (e.g., labor and materials) are needed to do the work, whether all required resources will be available when needed, and whether any funding or time constraints exist.

	Key Questions
	Validation Method

	1. What resources are specified and assigned to the activities? 
	Yes/No – Based upon schedule health metrics criteria Summary Tasks With Resources and Tasks Without Assigned Resources. Review Resource Names field in Gantt View.

	a. At what level of detail are resources specified (for example, labor categories, organizations, or individual names)?
	Yes/No – Based upon assessment.

Interview PMO staff. Review Resource Sheet View. Labor categories are sufficient to plan the work. Individual names are easier to determine whether over allocations exist. Insert Work field. What resources have no work assigned to them? Insert Peak field. What resources have a peak of more than 100%?

	2. Are significant material and equipment resources captured in the schedule?
	Yes/No – Based upon assessment.

Interview PMO staff. Review Resource Sheet View Type field for Material indicator. Additionally, review the Resource Usage View for Material items and their usage.

	3. Do the resources have logical resource calendars assigned?
	Yes/No – Based upon assessment.

Do the individual resource calendars match the project calendar? What holidays, shut down period, or other down times are included in the calendar? How far out is the project calendar defined? Is it well past the planned end of the program?

	4. How were resource estimates developed for each activity?
	Review basis of estimate (BOE) information – Based upon assessment. Additionally, do BOEs exist for the schedule? Interview PMO staff. Review BOE documentation. Is it the same as the cost BOEs.

	5. Has analysis been performed to ensure that resources are sufficient and available in each work period when needed?
	Yes/No – Based upon assessment. Interview PMO staff. Review Resource Usage View and Peak items. Do they seem reasonable?

	a. Are there potential difficulties in obtaining scarce resources to accomplish the work?
	Yes/No – Based upon assessment. Interview PMO staff. Is there a plan to hire scarce staff?

	b. Are there work periods for which more resources are required than are available?
	Yes/No – Based upon assessment. Interview PMO staff. Review Resource Usage View and look at monthly work. Is there more work in a month than available on the project?

	c. What is the plan for resolving resource deficiencies?
	Yes/No – Based upon assessment. Interview PMO staff.

	6. Has resource leveling been performed?
	Yes/No – Based upon assessment. Interview PMO staff. How was resource leveling performed?

	7. To what extent are the resource estimates in the schedule consistent with those in the project cost estimate?
	Yes/No – Perform a crosswalk between the schedule estimate and the cost estimate.


Best Practice 4: Establishing Durations for All Activities

The schedule should realistically reflect how long each activity will take to execute. In determining the duration of each activity, the same rationale, historical data, and assumptions used for cost estimating should be used. Durations should be reasonably short, meaningful, allow for discrete progress measurement, (i.e., 44 working days—two working months—or less for near- term efforts) and have specific start and finish dates. However, schedules that contain planning packages and summary planning packages as activities will normally be greater than one month in duration until broken into work packages and/or specific activities.

	Key Questions
	Validation Method

	1. Were the durations determined using the work to be done and realistic assumptions about available resources productivity, normal interferences and distractions and reliance on others? 
	Yes/No – Based upon assessment. Additionally, do BOEs exist for the schedule? Interview PMO staff. Review BOEs for reasonableness.

	2. For a detailed schedule, are durations short enough to be consistent with the needs of effective planning and project execution?
	Yes/No – Based upon schedule health metrics criteria Tasks with Duration > 20 days. Interview PMO staff. Review SPA output.

	a. Are durations no more than two reporting periods for effective progress reporting of near term work?
	Yes/No – Based upon schedule health metrics criteria Tasks With Duration > 44 days and Tasks with Duration > 66 days. Interview PMO staff. Review schedule health metrics output (these are custom filters). Tasks with Duration > 66 days is a secondary check.

	b. Are activity durations too short? 
	Yes/No – Based upon schedule health metrics criteria Tasks with Duration < 5 days. Interview PMO staff. Review schedule health metrics output.

	3. Are activities long in duration because of LOE or rolling wave planning?
	Yes/No – Based upon Custom Field for LOE and Custom Field for Planning Package. Interview PMO staff. Review schedule documentation for LOE or Planning Package Custom Fields.

	4. Were durations estimated by the person responsible for the activities, or reviewed with experts who have experience with similar types of work?
	Yes/No – Based upon assessment. Additionally, do BOEs exist for the schedule? Interview PMO staff. Review BOEs.

	5. Was the project duration determined by some target or mandated date?
	Yes/No – Based upon assessment. Interview PMO staff.

	6. Are durations based on appropriate calendars?
	Yes/No – Based upon assessment. Interview PMO staff. Review program calendars.

	a. Do any specific conditions necessitate special calendars, and are they addressed (for example, religious holidays, no work periods for climate, shift work, unavailability of resources)?
	Yes/No – Based upon assessment. Interview PMO staff. Review schedule documentation. Review program calendars.

	b. Are activity durations assigned inconsistent time units?
	Yes/No – Based upon assessment. Interview PMO staff. Review IMS. Are days the time unit used for durations?


Best Practice 5: Schedule is Traceable Horizontally and Vertically

The detailed schedule should be horizontally integrated, meaning that it should link products and outcomes associated with other sequenced activities. These links are commonly referred to as “handoffs” and serve to verify that activities are arranged in the right order to achieve aggregated products or outcomes. The IMS should also be vertically integrated, meaning that traceability exists among varying levels of activities and supporting tasks and sub-task. Such mapping or alignment among levels enables different groups to work to the same master schedule.

	Key Questions
	Validation Method

	1. Is all logic in place and has the technical content of the schedule been validated?
	Yes/No – Based upon assessment. Review WBS and WBS Dictionary for horizontal integration. Spot-check random activities and increase their durations to 600 or 900 days.

	2. Are major hand-offs and deliverables easily identified in the schedule?
	Yes/No – Based upon assessment. Additionally, Custom Field for hand-offs. Interview PMO staff. Review schedule documentation. Is there a Custom Field for Deliverables or Hand-offs?

	a. How are major hand-offs and deliverables negotiated and monitored? 
	Explanation and/or process documentation required from PMO staff – Based upon assessment. Interview PMO staff.

	3. Does the schedule have fields that record the responsible givers and receivers?
	Yes/No – Based upon Custom Field for Givers and Receivers. Interview PMO staff. Review schedule documentation. Is there a Custom Field for Givers and Receivers?

	4. Are the key dates consistent between lower-level detailed working schedules and higher-level summary schedules?
	Yes/No – Based upon assessment.

	a. Do all lower level activities roll up into higher WBS levels?
	Yes/No – Based upon assessment. Review WBS field to see if lower level WBS items roll up. Are there WBS elements which do not belong in the roll up?

	5. Do major milestones map between the schedule and management-level briefing charts?
	Yes/No – Based upon assessment. Interview PMO staff.


Best Practice 6: Ensuring a Valid Critical Path

Scheduling software should be used to identify the critical path, which represents the chain of dependent activities with the longest total duration. Identifying a project’s critical path is necessary to examine the effects of any activity slipping along this path. Potential problems along or near the critical path should also be identified and reflected in scheduling the duration of high-risk activities.

	Key Questions
	Validation Method

	1. Is the critical path, or longest path in the presence of late-date constraints calculated by the scheduling software valid?
	Yes/No – Based upon assessment. Additionally, Filter on Critical equal to Yes. Interview PMO staff.

	a. Are any activities in the schedule missing logic or constrained without justification?
	Yes/No – Based upon schedule health metrics criteria Critical Tasks with Constraints, Critical Tasks with Missing Predecessors, and Critical Tasks with Missing Successors (these are custom filters).

	· Are these issues resulting in an unreliable critical path? 
	Yes/No – Based upon assessment. If the above are true, then the critical path may be unreliable.

	b. Is the critical path a contiguous path from the status date to the major completion milestones? 
	Yes/No – Based upon assessment. Additionally, run schedule health metrics Longest Path Tool. Interview PMO staff. Review critical path to determine if it seems reasonable.

	c. Does the critical path start with a constraint so that other activities are unimportant in driving the milestone date?
	Yes/No – Based upon assessment. Interview PMO staff. Review critical path. If it is true, there are issues.

	· If so, is there justification for that constraint? 
	Yes/No – Based upon assessment. Interview PMO staff. Is there a Custom Field for justification?

	d. Does the critical path include LOE activities?
	Yes/No – Based upon assessment. Filter on Critical equal to Yes and Custom Field LOE. If LOE activities are on the critical path, the critical path is invalid. Review critical path for LOE activities.

	· Is the critical path driven by activities of unusually long duration?
	Yes/No – Based upon schedule health metrics criteria Critical Tasks with Duration > 66 (this is a custom filter). Additionally, are the activities that have duration > 66 days planning packages? Review critical path for long duration activities.

	e. Is the critical path driven in any way by lags or leads?
	Yes/No – Based upon schedule health metrics criteria Critical Tasks with Predecessors containing Lags, Critical Tasks with Predecessors containing Leads, Critical Tasks with Successors containing Lags and Critical Tasks with Successors containing Leads (these are custom filters). Review critical path for leads and lags. Leads and lags should be justified with documentation.

	2. Does management use the critical path to focus on those activities that will have detrimental effects on key project milestones and deliveries if they slip?
	Yes/No – Based upon assessment. Interview PMO staff.

	3. Does the schedule software identify activities that drive the dates of key deliveries and milestones?
	Yes/No – Based upon assessment. Interview PMO staff. 

	4. If there are several important milestones, are the critical paths to those milestones clearly identified, continuous and free of constraints, LOE activities, leads and lags?
	Yes/No – Based upon assessment. Review critical path.


Best Practice 7: Ensuring Reasonable Total Float

The schedule should identify the float (or slack) so that a schedule’s flexibility can be determined. As a general rule, activities along the critical path have the least amount of float. Total float indicates how much flexibility there is in the schedule to the major milestone(s). Large total float on an activity or path indicates that the activity or path could be delayed by the amount of the float without jeopardizing the finish date.

	Key Questions
	Validation Method

	1. Are the total float values the scheduling software calculates reasonable and do they accurately reflect true schedule flexibility? 
	Yes/No – Based upon SPA criteria Tasks with Total Slack > 200, Tasks with Total Slack < -200, Tasks with Total Slack < -20, and Tasks with Total Slack > 30. Review slack. Slack criteria other than 200 days are secondary checks.

	2. Are excessive values of total float being driven by activities that are missing logic?
	Yes/No – Based upon assessment. Interview PMO staff.

	3. Is total float calculated to the main deliveries and milestones as well as to the project completion? 
	Yes/No – Based upon assessment. Interview PMO staff.

	4. Is total float monitored?
	Yes/No – Based upon assessment. Interview PMO staff.

	a. Does management have a plan to mitigate negative total float?
	Yes/No – Based upon assessment. Interview PMO staff.

	5. Does management rely on free float to level resources or reassign resources to assist critical activities?
	Yes/No – Based upon assessment. Interview PMO staff.


Best Practice 8: Schedule Risk Analysis

A schedule risk analysis should be performed using statistical techniques to predict the level of confidence in meeting a project’s completion date. This analysis focuses not only on critical path activities but also on activities near the critical path, since they can affect the project’s status.

	Key Questions
	Validation Method

	1. Was an SRA performed to determine the confidence level in achieving the program schedule and other key dates? 
	Yes/No – Based upon assessment. Interview PMO staff. Review SRA.

	a. Was the schedule checked to ensure that it meets best practices before the simulation was conducted?
	Yes/No – Based upon assessment. Interview PMO staff. Review SRA results. Review SPA results.

	b. Are there data fields within the schedule for risk analysis such as low, most likely, and high durations? 
	Yes/No – Based upon assessment. Interview PMO staff. Review schedule documentation, custom field map and data dictionary.

	c. Were uncertainties in activity durations statistically correlated to one another?
	Yes/No – Based upon assessment. Review SRA inputs to determine to what extent correlation was used.

	d. How much schedule contingency was selected and what is the probability of meeting the completion date?
	Review schedule risk analysis results – Based upon assessment. Interview PMO staff. How schedule is contingency identified in the schedule? What is the schedule confidence level? What is the proscribed level?

	e. Did the SRA identify activities during the simulation that most often ended up on the critical path, so that near-critical path activities can be closely monitored?
	Yes/No – Based upon assessment. Interview PMO staff. Review SRA results. Review tornado diagrams

	2. Was a risk register used as an input to schedule development? 
	Yes/No – Based upon assessment. Interview PMO staff. Review risk register.

	a. Was the risk register used in identifying the risk factors potentially driving the schedule before the SRA was conducted?
	Yes/No – Based upon assessment Interview PMO staff. Review risk register.

	b. Once the SRA was conducted, were risks prioritized by probability and magnitude of impact?
	Yes/No – Based upon assessment.

Interview PMO staff. Review SRA results. Review tornado diagrams.

	3. Are the SRA data assumptions and methodology available and documented?
	Yes/No – Based upon assessment. Interview PMO staff. Review SRA results.

	4. Have the risk inputs been validated?
	Yes/No – Based upon assessment. Interview PMO staff. Review SRA results.

	a. Are the ranges reasonable and based on information gathered from knowledgeable sources?
	Yes/No – Based upon assessment. Interview PMO staff. Review SRA results.

	b. Is there evidence of bias in the risk data?
	Yes/No – Based upon assessment. Interview PMO staff. Review SRA results.

	5. How is the use of schedule contingency controlled and authorized?
	Yes/No – Based upon assessment. Interview PMO staff. Review PMO procedure.


Best Practice 9: Updating the Schedule Using Logic and Progress

The schedule should be continuously updated using logic and durations to determine realistic start and completion dates for program activities. The schedule should be analyzed continuously for variances to determine when forecasted completion dates differ from planned dates. This analysis is especially important for those variations that impact activities identified as being in a project’s critical path and can impact a scheduled completion date.

	Key Questions
	Validation Method

	1. Is the schedule progress recorded periodically?
	Yes/No – Based upon assessment. Interview PMO staff.

	a. Has the schedule been updated recently as planned? 
	Yes/No – Based upon assessment. Interview PMO staff.

	b. Is the status date recorded?
	Yes/No – Based upon schedule health metrics criteria Project Has Status Date.

	c. Is at least one in-progress activity critical? 
	Yes/No – Based upon assessment.

	2. Do any activities have start or finish dates in the past but without actual start or finish dates?
	Yes/No – Based upon schedule health metrics criteria Delinquent Tasks and Incomplete Critical Tasks.

	a. Are there any activities with actual start or finish dates in the future?
	Yes/No – Based upon schedule health metrics criteria Actual Start / Finish Dates in the Future and Actual Finish Before Actual Start.

	3. Is responsibility for changing or reporting the status of the schedule assigned to someone who has the proper training and experience in CPM scheduling?
	Yes/No – Based upon assessment.

	4. Is there a list of logic changes that were made to the schedule during the update?
	Yes/No – Based upon assessment.

	a. Are there any comments in the schedule activities to document logic changes, etc? 
	Yes/No – Based upon assessment.

	5. Were any activities started or completed out of sequence?
	Yes/No – Based upon schedule health metrics criteria Out of Sequence Tasks.

	a. Are there any comments in the schedule activities to document logic changes?
	Yes/No – Based upon assessment.

	6. A schedule narrative accompanies each status update and includes:
	Yes/No – Based upon assessment.

	a. The status of key milestone dates, including the program finish date;
	Yes/No – Based upon assessment.

	b. The status of key hand-offs or giver/receiver dates;
	Yes/No – Based upon assessment.

	c. Explanations for any changes in key dates;
	Yes/No – Based upon assessment.

	d. Changes in network logic, including lags, date constraints, and relationship logic and their effect on the schedule timeframe;
	Yes/No – Based upon assessment.

	e. A description of the critical paths, near-critical paths, and longest paths along with a comparison to the previous period’s paths; and
	Yes/No – Based upon assessment.

	f. Any significant scheduling software options that changed between update periods, such as the criticality threshold for total float, progress override versus retained logic, or whether or not resource assignments are progressed along with duration.
	Yes/No – Based upon assessment.

	7. Is the schedule structure examined after each update to ensure that no logic is missing, constraints are necessary, and no activities impede the ability of the schedule to dynamically forecast dates?
	Yes/No – Based upon assessment.


Best Practice 10: Maintaining a Baseline Schedule

A baseline schedule forms the basis for management of the project scope, the timeframe for its accomplishment, and resources required. The baseline schedule is designated as the target schedule, subject to a structured control process, against which project performance can be measured, compared, monitored and reported. A corresponding baseline document explains the overall approach to the project, defines custom fields used in the schedule file, details ground rules and assumptions used in developing the schedule, and provides justifications for constraints, lags, long activity durations, and any other unique features of the schedule.

	Key Questions
	Validation Method

	1. Is the baseline schedule the basis for measuring performance? 
	Yes/No – Based upon assessment.

	2. Does a baseline schedule document exist? Does the document
	Yes/No – Based upon assessment.

	a. Describe the general approach to the project, define how to use the electronic schedule file, and describe the schedule’s unique features?
	Yes/No – Based upon assessment. Explanation and/or process documentation required from PMO staff.

	b. Describe the schedule change management process?
	Yes/No – Based upon assessment.

	c. Contain a dictionary of abbreviations, acronyms and custom fields?
	Yes/No – Based upon assessment. Review data dictionary and/or custom field map.

	d. Provide an overview of the assumptions and ground rules, including justification for calendars and any lags, constraints, or long activity durations?
	Yes/No – Based upon assessment.

	e. Describe the use of resources within the schedule?
	Yes/No – Based upon assessment.

	f. Describe the critical risks prioritized in a schedule risk analysis as well as schedule contingency?
	Yes/No – Based upon assessment.

	g. Discuss the derivation of the critical paths and longest path and justify excessive total float?
	Yes/No – Based upon assessment.

	3. Are changes to the baseline schedule reviewed and approved according to the schedule change control process? 
	Yes/No – Based upon assessment.

	4. Is trend analysis performed, such as monitoring start and finish dates, available float, and available schedule contingency?
	Yes/No – Based upon assessment.

	5. Is there a large bow-wave of work to the right of the status date that is unrealistic?
	Yes/No – Based upon schedule health metrics criteria Incomplete Tasks, Predecessors Complete, Task Not Started, and Should Start Tasks.


Appendix C:  Four Characteristics of a Reliable Schedule
Research findings have identified four characteristics of a high-quality, reliable schedule: they are comprehensive, well-constructed, credible, and controlled.

A comprehensive schedule includes all activities for both the government and its contractors necessary to accomplish a project’s objectives as defined in the project’s WBS. The schedule includes the labor, materials, and overhead needed to do the work and depicts when those resources are needed and when they will be available. It realistically reflects how long each activity will take and allows for discrete progress measurement.

A schedule is well-constructed if all its activities are logically sequenced with the most straightforward logic possible. Unusual or complicated logic techniques are used judiciously and justified in the schedule documentation. The schedule’s critical path represents a true model of the activities that drive the project’s earliest completion date and total float accurately depicts schedule flexibility.

A schedule that is credible is horizontally traceable—that is, it reflects the order of events necessary to achieve aggregated products or outcomes. It is also vertically traceable: activities in varying levels of the schedule map to one another and key dates presented to management in periodic briefings are in sync with the schedule. Data about risks and opportunities are used to predict a level of confidence in meeting the project’s completion date. The level of necessary schedule contingency and high priority risks and opportunities are identified by conducting a robust schedule risk analysis.

Finally, a schedule is controlled if it is updated periodically by trained schedulers using actual progress and logic to realistically forecast dates for program activities. It is compared against a designated baseline schedule to measure, monitor, and report the project’s progress. The baseline schedule is accompanied by a baseline document that explains the overall approach to the project, defines ground rules and assumptions, and describes the unique features of the schedule. The baseline schedule and current schedule are subject to a configuration management control process.

The following table shows how the 10 scheduling best practices can be mapped to the four characteristics of a high-quality reliable schedule.

The Four Characteristics of a Reliable Schedule

	Schedule Characteristic
	Schedule Best Practice

	1.  Comprehensive 


	●  all activities as defined in the project’s WBS

●  the labor, materials, and overhead needed to do the work and whether those resources will be available when needed

●  how long each activity will take, allowing for discrete progress measurement with specific start and finish dates
	1 - Capturing all activities

3 - Assigning Resources to all activities

4 - Establishing the durations of all activities

	2.  Well constructed 


	●  all activities logically sequenced with predecessor and successor logic

●  limited amounts of unusual or complicated logic techniques that are justified in the schedule documentation

●  a critical path that determines which activities drive the project’s earliest completion date total float that accurately determines the schedule’s flexibility
	2 - Sequencing all activities

6 - Confirming that the critical path is valid

7 - Ensuring reasonable total float

	3.  Credible


	●  the order of events necessary to achieve aggregated products or outcomes

●  varying levels of activities, supporting activities, and subtasks

●  key dates that can be used to present status updates to management

●  a level of confidence in meeting a project’s completion date based on data about risks and opportunities for the project

●  necessary schedule contingency and high priority risks based on conducting a robust schedule risk analysis
	5 - Verifying that the schedule is traceable horizontally and vertically

8 - Conducting a schedule risk analysis

	4.  Controlled

	●  updated periodically by schedulers trained in critical path method scheduling

●  status presented by using actual progress and logic to realistically forecast dates for program activities

●  compared against a documented baseline schedule to determine variances from the plan

●  accompanied by a corresponding baseline document that explains the overall approach to the project, defines assumptions, and describes unique features of the schedule

●  subject to a configuration management control process
	9 - Updating the schedule with actual progress and logic

10 = Maintaining a baseline schedule


Appendix D:  Scheduling Resources

U.S. Government Accountability Office (GAO)
The U.S. Government Accountability Office (GAO) published best practices for developing and managing capital programs in the GAO Cost Estimating and Assessment Guide (GAO-09-3SP). The GAO has also developed a draft Schedule Assessment Giude which is available at:

http://www.gao.gov
Integrated Program Management Division (IPMD) of the National Defense Industrial Association (NDIA)
Additional planning and scheduling guidance may be obtained from the IPMD Planning and Scheduling Excellence Guide (PASEG). The PASEG is available at:

http://www.ndia.org/Divisions/IndustrialWorkingGroups/IndustrialCommitteeForProgramManagement/Documents/March_9_2011_Meeting/PASEGOverview.pdf
Unified Facilities Guide Specifications (UFGS)

Additional guidance for construction related schedules can be obtained from the Unified Facilities Guide Specifications (UFGS) which can be found at: 
http://www.wbdg.org/ccb/browse_cat.php?c=3 

Appendix E:  Acronyms
BOE 

basis of estimate

CLIN 

contract line item number

CPM
 
critical path method

CWP

corporate work plan

DCI

data collection instrument

DID

data item description
EVM 

earned value management

FAA 

Federal Aviation Administration

FNET 

finish no earlier than

FNLT 

finish no later than

FTE 

full-time equivalent

IMS 

integrated master schedule

IP&A

Office of Investment Planning and Analysis
IPT 

Integrated Product Team

LCCE

life-cycle cost estimate

LOE

level of effort

MFO

must finish on

MSO 

must start on

PMO 

Program Management Office

SNET 

start no earlier than

SNLT 

start no later than

SOO 

statement of objectives

SOW
 
statement of work

SRA

schedule risk analysis 

UN/CEFACT
United Nations Centre for Trade Facilitation and Electronic Business
WBS 

work breakdown structure

XML

Extensible Markup Language
Acquisition Management System Guidance
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