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Introduction

Scope

This Recommended Practice (RP) of AACE International introduces the concepts of Trending and Forecasting as applied in CPM Planning and Scheduling.  This RP relates to practices to draw upon information from the measured progress of a specified project and how such may vary from that initially modeled or estimated, and is to be distinguished from other practices that may draw upon information from other and past projects which may be deemed similar to the specified project. 
Purpose

This RP is intended to provide guidelines (i.e., not a standard) for: 

· determining the existence of trends within CPM update data (measured progress) to date for a specified project,
· determining and quantifying a trend or trends based upon such measured past performance, and

· use of such trend data to forecast future variation from an initial schedule or previous forecast.

Background

CPM theory is built on the concept of forecasting activity and project completions.  Because of this fact, a RP on Forecasting and Trending is merely an expansion upon previous RPs dealing with the ability of CPM analysis to forecast or estimate the completion of, and timing of discrete activities of, a project. While a traditional CPM schedule may be deemed a forecast, based upon  the efficacy of project management’s initially selected means and methods (including selection of crews, equipment and other resources,) choice of scope of activities, optional sequences of activities, estimates of productivity, activity duration, calendar, and external considerations (without limitation,) such selected parameters are traditionally static and not subject to modification except pursuant to a revision or re-baselining of the initial (or previous) CPM logic plan.  Updates to a CPM schedule are normally limited to addition of information such as actual start and finish dates, percent completeness and remaining duration of work in progress, but do not extend to modifying any other data of the initial (or previously modified or re-baselined) CPM logic plan. 
Recommended Practice

Executive Summary

This Recommended Practice of AACE suggests that practitioners strive to perceive and communicate to team members trends of actual experience to be compared with initial or subsequent estimates, but to show restraint in revision or demanding revision of the project CPM logic network as a response to said perceived trends. The use of recently perceived trends should be used to review but not automatically override the assessments of duration and preferred sequence prepared by the initial project team. 
Introduction
A Trend, as relating to preparing an initial estimate or CPM logic plan for the purpose of forecasting project cost or schedule, may relate to many other projects selected as such that may be deemed analogous to the current project.  However, this RP defines Trending and Forecasting solely with relation to additional information derived after the start of and from the current project.  An extension of this RP may consider how additional information derived from other projects in a portfolio or elsewhere after preparation of the initial schedule may be the basis of a call for revision of the initial plan. 
A Trend, as relating to schedule analysis, may be an intuitively perceived or analytically measured deviation from the initially estimated durations and other components comprising a CPM logic network and calculated schedule that is deemed to demonstrate a pattern and not mere random variation.  An underlying characteristic of a trend is that left unaddressed, such will continue.  In the realm of a project, this may lead to delays or disruptions if a negative trend is unaddressed, or may lead to a failure to capitalize upon an opportunity to gain savings in time and cost if a positive trend is not recognized. Therefore, the first step of this RP shall be to determine if it is reasonable to ascertain and act upon whether past performance indicates a trend.  
Some practitioners may ask, “if the contractor is not currently meeting their duration commitments, then why do we simply assume that they will suddenly start meeting the baseline production rates when we forecast (i.e. present an update)?” This question does not address whether such past performance is part of a trend or mere random variation or a series of unrelated bad luck.  For example, bad performance in the past week based upon rain on Monday, an employee’s heart attack on Tuesday, a concrete blowout on Wednesday, a traffic event delaying personnel and supplies arriving at the site on Thursday, and a neighborhood power outage on Friday, should not constitute a trend or be the basis of a forecast of future performance.  On the other hand, a series of poor productivity without obvious cause may be the basis for determination of a trend which supports a forecast of similar future performance in the absence of remedial efforts. 
The key words of the preceding paragraph are “without obvious cause” as neither project personnel nor computer algorithms based upon typically collected data may reveal an underlying cause.  However, revelation that subcontractor “A” has issues of poor productivity in random weeks is less subject to corrective action than subcontractor “A” has issues of productivity whenever subcontractor “B” is working in the same location concurrently.  The determination of a trend may therefore be quite simple, or require recognition of multiple independent factors acting in concert. 
One possible trending analysis is to determine the existence of trends for the purpose of determining the cause or reason for such trends. Another possible trending analysis is to compare past activities and conditions for which a trend may be determined to exist to future activities or conditions with a view to the likelihood of similar performance or to improving upon the noted trend.  This then leads to the next issue, which is what may be the impact if a trend does exist and is left unaddressed.  While when dealing with issues of cost, any trend indicating higher or lower costs in the past will have consequences for the project if such continue into the future, such is not always the case for a CPM schedule (having activities with more or less float.)  
This RP therefore also discusses how information about past trends may be used to more accurately forecast future outcomes.  A trend indicating that a selected subcontractor is experiencing lower productivity than as provided in the initial CPM logic plan may be irrelevant if such does not impact project completion nor disrupts the work of other subcontractors. On the other hand, project personnel may still desire such information for re-calculation of future payment financing schedules.  But the primary purpose of the exercise as relating to this RP must be to promote timely completion of the project.
What is suggested is that the industry needs ... products that will analyze and report XE "reports: reports"  patterns of problems and issues, rather than merely a bell to go off for every adverse occurrence. However, this moves the discussion beyond CPM and into the realm of cost engineering and project controls. The key there will remain to measure past performance and forecast XE "trend analysis" 

 XE "duration: forecast"  future trends without burdening the primary purpose of the CPM, to promote the project.1 

Forecasting, based upon determination of a trend or trends within past performance on a subject project, can be either manual or automatic in nature.  This RP therefore considers a process for manual or automated modification of the initial or most recent modification or re-baseline CPM logic network, based upon measured past performance on this project, then resulting in a stipulated methodology (including but not limited to) of one or more of the following levels:

· modifying the original duration of a subset of remaining activities,

· modifying an intermediate factor such as productivity (stored as a separate data field) to then modify the original duration of a subset of remaining activities,

· modifying an intermediate factor such as crew size or resource usage (based upon observed versus assumed quantum) to then modify the original duration of a subset of remaining activities,

· modifying an intermediate factor such as calendar (based upon observed versus assumed quantum, such as seasonal weather) to then modify the calculated use of original duration of a subset of remaining activities,

· modifying the logic relating to the overlapping of activities (sequential/overlapped, extent of lag overlap) and
· modifying the duration of activities performed “out-of –sequence” to adjust for mini-mobilizations and demobilizations.
Determining Existence of Trends within CPM Update Data (measured progress to-date) for a Specified Project
“It is human nature to look for patterns and to assign them meaning when we find them.”2  Many studies support this suggestion that a majority of perceived trends are, in fact, merely a misinterpretation of random events.3  For example, in a sampling of 1000 iterations of 50 coin tosses, there exists a significant probability that a series of 15 or even 20 “heads” will occur.4 Similarly, although the average of experienced durations may be near an average of estimated durations, there is a significant probability that a group of activities nearer the start than the finish of a project will experience either better or worse performance than their estimated durations, and this merely by random chance. Therefore, and especially in the absence of a huge sampling of events, the determination of a trend should best be made using statistical tools designed for such purpose. 
However, the above argument may be flipped and restated that there is a significant possibility that a series of poor performance (such as actual durations exceeding estimated durations) may be indicative of a trend even if statistical tools do not support such determination. The question thus raised for project management is whether to err on the side of caution and direct measures to (1) remediate perceived poor performance to-date, or even (2) remediate anticipated continued poor performance based upon such perceived trend, in the absence of statistical validation of such trend.  
Illustrating by example; consider the case of a pile driving subcontractor who estimates that they will achieve 1000 feet of production per day with a plus or minus variation of 400 feet.  This project is estimated to require six months to install all piling. Actual production during the first three weeks is only 800 feet per day. Should the project manager:

1. demand the subcontractor work limited overtime until the current shortfall is recovered, 
2. demand the subcontractor work more extensive overtime and/or bring in a second rig and crew to alleviate an anticipated continuance of under-performance, or

3. make no demands at this time?
The correct action would to not make any demands as the actual production is clearly within the known variation and other, non-reoccuring events have not been first considered.  This does not mean that the project manager has no right to be concerned, only that it would not be prudent to demand something based upon this sole fact, unless the contract stipulated otherwise.

This Recommended Practice suggests trends from past performance perceived by practitioners should be verified by statistical tools prior to being cited as a definitive basis for forecasting future performance.  However, a practitioner may nevertheless choose to act on an unverified perception of a trend while accumulating additional data of actual experience. 
Determining and Quantifying a Trend Based Upon Measured Past Performance

A simple and possibly non-mathematically based methodology for determining a trend is to use data representing 20% to 30% of the actual versus estimated data points for any subset of data of the project.  
A. Entirety or a Subset of a Project
A mathematically supported methodology for determining and quantifying a trend will likely require a determination of an approximate number of data points in which such trend may be ascertained.  If the entirety of the project is to be so analyzed, the number of data points may approximate the number of activities, days or shifts or working hours, units of production, or other constituent element for which actual versus estimated measurements may be made.  However, once the project is complete, there may be little practical use for determining the trends occurring on the project. It is more likely that project management may suspect or desire to ascertain trends of subsets of the entire project, which will then involve fewer data points. 
B. Possible Subsets of Data Points
Project Management and Control personnel may perceive or desire automated detection of trends among various subsets of project data. Such subsets of data may include:
· activity codes by responsibility: e.g. RESP, subcontractor, craft

· activity codes by location: e.g. AREA, structure, floor, quadrant

· activity codes by type of work: e.g. roadway v bridge, footings v walls v slabs, conduit v cable v connections
· resource codes: e.g. labor, equipment, material, specified personnel, specified inspector

· calendar issues: e.g. productivity during specified days or shifts, non-work days, season

· weather issues: note requirement for recording weather conditions and perhaps daily performance

· classes of duration: e.g. long vs. short (however such may be defined in general ,or for this project)

· stipulated risk inherent in estimates of duration, quantity, productivity, or other data

· activities being performed out-of-sequence and by degrees of separation 

· a count of preceding / succeeding restraints, including determination of greater or lesser of a specified threshold

· determination of preceding / succeeding common event (chokepoint) and count of predecessors / successors thereto

· high risk of project delay (i.e. near-critical float)

· high value activities

· a combination of criteria such as activity codes sharing the same responsibility and the same location, noting that by definition this will be equal or less than the smallest single criteria subset specified

C. Significant Quantity of Data Points to Support Determination of a Trend
The minimal number of data points for which a comparison of estimated versus actual recorded measurements may be the basis of a valid determination of a trend should be based upon the concept of statistical significance. In lay terms, “one bad day” or “two bad days” would not usually constitute a trend. In fact, we would assume that actual or observed durations for an activity will be greater or lesser than the estimated original duration based upon a random distribution of “good days” and “bad days.” In the context of determining a trend, a data point represents not an individual day, but rather a comparison of estimated original versus actual recorded duration (or other metric such as productivity.)  While some feel or measure of a trend may be gleaned from as few as one data point, validation of such feeling will e improved as the number of data points increases. On the other hand, once a large number of data points have been collected, the project may past a point of timely correction; the maximum number of data points that may be collected indicates the project is now complete or abandoned. 
Therefore the issue is whether a series of deviations from estimated original durations be deemed a trend.  Observed variations of actual observed versus estimated original durations should be subjected to a “Goodness of Fit Test”5 or other validation of statistical significance. As the question of statistical tool best utilized here may be debated even amongst mathematicians, this iteration of this RP will defer further discussion on this point.

An alternate method to determine existence of a trend which skips this step may be via a standard Monte Carlo analysis as may be provided internally or as an add-on to popular CPM software. Such software typically allows the user to run an analysis on a subset of the total logic network.  If a subset containing only one subset as discussed above is chosen, such as subcontractor, and further limited to activities performed to date (or possibly further limited to exclude “start-up” and “learning curve” activities,) assigned normal expected estimated duration variance (typically -15% to +20%) and subject to simulation, the summation of actual durations may then be compared to the probable variation.  If the actual variation exceeds selected limit (based upon the level of risk acceptable to the analyst) such as one standard deviation or possibly 20% or other percent from the norm, this may be the basis for determination of a trend that need be addressed.
Use of Trend Data to Forecast Future Variation from an Initial Schedule or Previous Forecast
Even if a trend is determined to exist, such may appear larger than is actually the case due to natural variation.  Over time, this natural variation may be expected to recede, “regressing to the mean”.  Thus this RP suggests that project management carefully consider the level of remediation to be mandated for a perceived trend.  Unfortunately, this advice of this RP once again returns to the intuition of the project manager as to whether:

1. demand or institute aggressive remediation, 
2. demand or institute a less aggressive remediation, waiting for additional results before stronger directives, or
3. provide a mere warning, waiting for additional results before stronger directives.

However, the application of the effort specified in this RP is designed to assist project management in this task.  Utilizing only a simple forecasting algorithm, such as adjustment of original durations for work not yet performed to perform an alternate “what if” calculation of schedule may provide much insight.
Although not [currently] available in popular commercial software XE "software" , if in-house or third-party software provides forecasting capabilities to adjust future original duration XE "original duration (OD)" 

 XE "duration: original (OD)" 

 XE "attributes of an activity: original duration (OD)" s based upon past performance for similar work, the superintendent’s report XE "reports: reports"  should also include the current forecast XE "trend analysis" 

 XE "duration: forecast"  of the adjusted original duration [crew size, resource usage, productivity, calendar or other such factor]  XE "original duration (OD)" 

 XE "duration: original (OD)" 

 XE "attributes of an activity: original duration (OD)" and an additional bar to reference the most recent forecast XE "trend analysis" 

 XE "duration: forecast" .6 7
A more robust forecasting algorithm may consider trends in variation of actual to estimated durations between activities, sometimes referred to as lags. Of special concern may be consideration of that portion of the succeeding activity that may not be performed until the preceding activity is complete represented by a finish-to-finish restraint. It is suggested that often less thought is given to these estimates between activities (based solely upon experience at best or a need to expedite the CPM calculated finish at worst) than to those of activities (usually considered compared to the productivity assumed in the project bid estimate.)
Even more far reaching is the consideration of trends of work performed out-of-sequence. Performance out-of-sequence may be the result of a reaction to interferences or to an opportunistic reallocation of resources for a short term gain such as increased billing for the current progress payment, or it may indicate systemic errors of the initial (or most recent revision of the) CPM logic network. If a sizable portion of the work is being performed out-of-sequence, such may constitute a trend requiring review as to the causes and necessary remediation. 

A. Quantifying of Trend Data

Assuming that a trend has been determined to exist, a next step should be to determine what is the trend and how that is to be compared to a baseline and thence to an alternate baseline, revision or forecast. 
Our first step is to examine the various classes of data that may be subject to trend analysis. These include trends relating to activity data such as:

1. Durations – Based Upon Comparison of Actual and Original Estimates of Total Duration

2. Durations – Based Upon Comparison of Actual and Original Estimates of Productivity8
3. Durations – Based Upon Comparison of Actual and Original Estimates of Non-Productivity Elements of Duration 9
4. Resources – Based Upon Comparison of Actual and Original Estimates of Availability

5. Calendar – Based Upon Comparison of Actual and Original Estimates of Weather or Other Disruptions10
6. Durations Between Activities (Lags) – Special Considerations11
7. Constraint Dates – Based Upon Comparison of Actual Experienced and Original Stipulated Dates

and trends in or impacted by logic such as:

8. Out-of-Sequence Progress – Creation of Lead/Lag Relationship By-A-Rule

9. Non-Contiguous Out-of-Sequence Progress – Conversion of Sequence to Steps

10. Adjustment to Durations (mini-mobilization/demobilization) resultant from Out-of-Sequence

It is assumed that the larger the number of activities over which a trend of actual versus estimated duration (or other class such as productivity) is measured, the more accurate will be the calculated trend.  However, it is also assumed that the finer the distinction between similarly classed activities, the more accurate will be the calculated trend. A greater level of coding or means to group activities (or logic,) will improve the ability to establish and utilize trend data. As an example of subsets that may be examined provided proper coding are:
1. Activity Codes Based Upon Who is Performing Scope (Responsible Party)

2. Activity Codes Based Upon Where Scope is Being Performed (Location)

3. Activity Codes Based Upon Why Scope is Being Performed (Base Contract; Change Orders; Emergency; etc.)

4. Activity Codes Based Upon When Scope is Being Performed (Seasonal; Shift; Concurrent Work; etc.)

5. Activity Codes Based Upon How Scope is Being Performed (Means and Methods)
6. Activity Codes Based Upon Other Criteria 

7. Work Breakdown Structure

8. Resource Codes Based Upon Craft

9. Resource Codes Based Upon Equipment

10. Resource Codes Based Upon Other Criteria (Access, Laydown, etc.)

11. Logic of One Entity (craft or subcontractor) Performing Sequential Activities

12. Logic of Sequence from One Entity to Another Entity
B. Quantifying Variation of Duration of Activities

Assuming that a trend has been determined to exist, a next step should be to determine what is the trend and how it is to be compared to a baseline and thence to an alternate baseline, revision or forecast. 

1 Activities subject to variation should be examined to determine common attributes or coding such as in specific locations or by a specific subcontractor, trade or craft.

2 Activities subject to variation should be examines to determine common attributes such as occurring when other subcontractors, trades or crafts are performing concurrently in the same space.

3 Additional coding may be used to group activities deemed to have common attributes.
C. Quantifying Variation of Duration Between Activities

Assuming that a trend has been determined to exist, a next step should be to determine what is the trend and how that is to be compared to a baseline and thence to an alternate baseline, revision or forecast. 

1 Restraints found to be subject to variation of actual to estimated duration between activities (lags) should be examined to determine common attributes or coding of preceding and succeeding activities such as in moving between specific locations or specific subcontractors, trades or crafts. 

2 Restraints found to be subject to variation of actual to estimated duration between activities (lags) should be examined to determine other common attributes based upon concurrent work in the same space.

3 Additional coding may be used to group activity pairs (predecessor/successor) deemed to have common attributes.
D. Calculation of Forecast Based Upon Quantified Trends
1 Alternate (or “Trend”) durations may be assigned to activities deemed to have common attributes and then used to calculate various alternate forecasts of future performance if causes for such trends are not ameliorated.

2 Alternate (or “Trend”) durations between activities (lags) may be assigned to activities deemed to have common attributes and then used to calculate various alternate forecasts of future performance if causes for such trends are not ameliorated.
3 Substitution of such alternate durations should be made only to a copy of the current CPM, then to be subject to calculation (“scheduled”) for use of evaluation and review.
E. Use of  Forecasts Based Upon Quantified Trends

1 Forecasts should be used initially for determining possible consequences if current trends continue.

2 If a forecast indicates an imperfect but acceptable consequence, consideration should be made to prepare, submit and utilize a revision to the initial (or current revision of the) CPM logic network incorporating modified durations and durations between activities based upon the quantified trend.
3 If a forecast indicates an unsatisfactory consequence, further efforts should be required to determine the cause and means to ameliorate, including but not limited to development of a recovery schedule if warranted.
Current Implementation by Software Products
Several software products provide default or optional modification to durations of work not yet performed. These accomplish varying degrees of forecast based upon trend in differing manners. 
One, as part of its basic function, has the user combine similar activities that may use a common resource and will then by default expand or contract the durations of those activities not yet performed based upon the ratio of actual to estimated durations of those already performed. 12 
Another looks at the aggregate of work performed “and uses the relationship between achieved (earned) and expended (actual) values to predict the final consumption of time and resources. If you have spent 60 days to do 50% of a 100 day job, you are likely to spend 120 days on completing it.”13 By use of filters there appears to be functionality to suggest calculation of such a factor for a specific resource or perhaps a group of activities having a common user defined code. This factor may then be manually (or perhaps via export to a spreadsheet, application and import) applied to a specific group of activities. 
As suggested above, the decision of how to divide the full list of activities into subgroups may be unique to specific users and possibly specific projects, and possibly may best be handled by use of export to a spreadsheet or relational database for further calculation. 

Conclusion
Some degree of variation between estimated and actual performance is to be expected. Perceived trends may be mere natural variation similar to a series of twenty “heads” in a row when rolling dice one thousand times. Therefore action based upon a perceived trend should be considered only after care has been taken to determine cause and if a true trend is indicated. 
Once a trend has been determined to exist, then there are various methods to apply that trend to a defined subset of future planned work and then, using CPM analysis techniques to determine the expected change to milestone and project delivery.  If the trend change to these milestones and project delivery are negative, then developing a course of corrective actions should be considered. The execution of corrective actions may be demanded, merely requested, ignored, or even executed as a Change Order, depending upon contract language and the management’s confidence in the existence of a trend and not just a natural fluxuation.

terms, ACRONYMS and definitions

Include any new or revised terms if applicable

Note: Upon acceptance of this RP, these terms and definitions will be removed and incorporated into AACE’s Recommended Practice 10S-90 Cost Engineering Terminology.

NOTE for Review – The definitions provided below adds to and may conflict to some extent with definitions in RP-10S-90.  These should be reviewed to minimize the need for adding to or modifying existing definitions.

The term “Schedule” is here used to describe a list of events (further describing conditions at a selected point in time) or activities (further describing some measure of work or effort to modify such conditions from one point in time to another) versus the time or times that may be calculated for such events or activities. 

Existing definitions: 
SCHEDULE –

(1) A description of when each activity in a project can be accomplished and must be finished so as to be completed timely. The simplest of schedules depict in bar chart format the start and finish of activities of a given duration. More complex schedules, general in CPM format, include schedule logic and show the critical path and floats associated with each activity.

(2) A time sequence of activities and events that represent an operating timetable. The schedule specifies the relative beginning and ending times of activities and the occurrence times of events. A schedule may be presented on a calendar framework or on an elapsed time scale. (6/07)
The term “Trending” is here used to describe a system or method of measurement of past performance of such work or effort of the entirety or selection of some division (or portion) of the work or effort, or of the past period, and distinguishing such against random influences, all for the purpose of analysis thereof.

Existing definitions: 
TREND – 
In project control, a general tendency of events, conditions, performance, etc. In a change management system, a trend is the first indication of potential change that must be tracked and properly dealt with. A trend may later be identified as a deviation (not normally reimbursable) or a change (which is typically reimbursable in time and or money). (6/07)

TREND ANALYSES – 
Mathematical methods for studying trends based on past project history allowing for adjustment, refinement or revision to predict cost. Regression analysis techniques can be used for predicting cost/schedule trends using historical data. (6/07)
The term “Forecast” is here used to describe a system or method of re-calculating a likely schedule of dates of activities of a CPM logic plan, including the likely completion date of the project and stated milestones thereof.  While the initial schedule calculated from the CPM logic plan may also accurately be deemed a forecast, based upon past experience of estimating, scheduling and project team members, as well as published compilations of experience on other projects, the term “forecast” in this RP is meant to describe re-calculation based upon  experience measured to date on this project .

Existing Definitions: 
FORECAST –

(1) An estimate and prediction of future conditions and events based on information and knowledge

available at the time of the forecast. (2) When in respect to resource requirements, considering future conditions and events, it is a synonym for an estimate. See: ESTIMATE. (6/07)

FORECASTING –

(1) The work performed to estimate or predict future conditions and events. Forecasting establishes the range of possibilities within which one can come to focus on the objectives one will commit to achieve. Forecasting is the work involved in anticipating future events, while establishing objectives is the work necessary to commit oneself to accomplish predetermined results.

(2) When in respect to resource requirements, considering future conditions and events, it is a synonym for cost estimating. Forecasting and cost estimating are often confused with budgeting, which is a definite allocation of resources and not a prediction or estimate. (6/07)
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 “In the Jorecast stage the current plan and progress information can be used to calculate a schedule Jorecast. In the absence of control actions, the production must be assumed to continue with the actual production rate currently achieved, rather than that planned. Forecasting uses the planned logic network to evaluate the impact of deviations on following trades. This information can be used by the production managers to make informed decisions about suitable and immediate control actions that are required to restore planned production. This is done using alarms to alert management before interference has occurred. The model allows timely reaction instead of just recording the deviation and rescheduling, as required under CPM.”
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