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Abstract 

 

Earned Schedule (ES) forecasting of project duration has been researched over several years. 

Overwhelmingly, in comparison to other EVM-based methods, ES has been affirmed to be 

better. However, the testing results from a study, which employed simulation techniques, 

indicated there were conditions in which ES performed poorly. These results create skepticism 

as to the reliability of ES forecasting. This paper examines that study, focusing on the 

unfavorable results. The analysis put forth indicates ES forecasting to be more reliable than 

portrayed by the study and is enhanced by the application of the longest path method. 

 

Introduction 

 

A research study of project duration forecasting was made several years ago, employing 

simulation methods applied to created schedules having several variable characteristics 

(Vanhoucke & Vandevoorde, 2007). Three Earned Value Management (EVM) based methods 

were compared in the study: 1) EVM
1
, Earned Duration (ED)

2
, and 3) Earned Schedule (ES)

3
. 

The overall result from the study was that forecasts using ES, on average, are better than the 

others. However, in certain instances the ES forecast was not. This result appears counter-

intuitive due to the fact that, by its formulation, ES forecasts must converge to the actual final 

duration. Because of this apparent discrepancy, the conditions of the study are examined for an 

explanation. 

 

For the study the researchers developed a full range of possible schedule performance scenarios 

against which the simulations were examined. These scenarios are depicted in figure 1. 

However, in the research publication, the scenarios were incompletely described. There was 

insufficient description of several key components of the scenario model. What is meant by the 

symbols (-, 0, +) in the ovals at the top and left side of the diagram? Likewise, there is lack of 

definition of the terminology, “Critical activities,” and Non-critical activities.” 

 

It is believed the researchers’ intent of the figure 1 diagram was to show, in a very succinct way, 

combinations of performance factors (symbols and type of activity) with their associated 

outcomes, SPI(t)
4
 and project duration. However, the lack of clarity in the research paper in 

                                                 
1
 EVM duration forecasting is accomplished by dividing the planned duration (PD) by the Schedule Performance 

Index (SPI). Reference (Project Management Institute, 2011). 
2
 Reference (Jacob & Kane, 2004) 

3
 Reference (Lipke, 2009) 

4
 “SPI(t)” is the time-based schedule performance index. For the research study it is a term used to represent, in 

general, the index for all three forecasting methods examined.  
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describing the meaning of the symbols and activity type has clouded the understanding of the 

results and conclusions drawn. 

 

Model Description 

 

The scenario model as shown in figure 1 has nine possibilities. The possibilities are determined 

from the pairing of the symbols (-, 0, +) between the critical and non-critical activities. For 

example, “-” for critical activities can be paired with “-,” “0,” and “+” for non-critical activities. 

Thus, with three pairings for each critical activity symbol, we understand why there are nine 

scenarios. 

 

What are these symbols? What do they represent? …The symbols are briefly described in the 

paper to indicate a general condition of schedule performance: 

 

 “-” better than expected 

 “0” as expected 

 “+” poorer than expected 

 

 

 

Figure 1. Schedule Performance Scenarios
5
 

 

These performance characteristics are the components of the nine possible pairings. 

Nevertheless, it is unclear as to why these pairings are necessary in studying the capability of the 

three previously cited forecasting methods. It would seem all that is required is to use the output 

                                                 
5
 Reference (Vanhoucke M. , 2008) 
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of the simulations for the analysis. Apparently, however, the researchers must have believed 

additional comparison information could be derived from the various performance scenarios. 

 

To achieve the pairings the researchers forced the performance conditions into the simulations. 

Possibly the tactic can be rationalized, but it appears contrary to how a simulation is normally 

employed. Usually, simulation is used because it is just too difficult to analyze the system 

directly. In this instance, the researchers have perturbed the system and consequently the results. 

This raises the question, “Do these results accurately portray the forecasting performance of the 

various methods, when the performance conditions are contrived?” 

 

To this point, “Why is it necessary to analyze forecasting performance by segregating critical 

and non-critical activities?” Additionally, these components of the study model have not been 

clearly defined. That is, “What is the meaning of the terms “critical” and “non-critical” 

activities?” It is believed that the term “critical” infers the tasks or activities that are on the 

critical path within the schedule.
6
 Thus, “non-critical” connotes those tasks that are not on the 

critical path. 

 

This understanding of the two terms is used for the remainder of this paper. Nevertheless, there 

is a degree of ambiguity in that the critical path can change during project execution. It is 

presumed the researcher used “critical” in reference to the critical path of the planned schedule, 

which in the absence of a schedule change is invariant with execution. This assumption is made 

because of the difficulty the researchers would have inducing the performance conditions into 

the simulation while simultaneously accounting for the changes in the critical path. 

 

Performance Scenario Analysis 
 

The performance results from the various scenarios are partitioned in the research paper into 

three categories: 

 

 True 

 Misleading 

 False 

 

 The true scenarios (1, 2, 5, 8, 9)
7
 have the characteristic that the relationship of the real 

or final project duration (RD) to the planned duration (PD) can be inferred from the 

schedule performance efficiency indicator, SPI(t). Using scenario 1 for example, SPI(t) 

is greater than 1 (indicating good performance), while RD is less than PD (as one would 

expect from the indicator); i.e., the indicator is consistent with the duration result. 

 

 The misleading scenarios (4, 6) are characterized by the critical activities being 

completed as planned, while the non-critical activities are not. The RD equals PD; 

however, SPI(t) is either greater or less than 1. Thus, the indicator is inconsistent with 

the duration outcome. 

                                                 
6
 Critical path, as usually defined, is the longest path of the schedule. 

7
 The numbers in parenthesis refer to the nine numbered cells of figure 1. 
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 The false scenarios (3, 7) occur for two circumstances: 1) When non-critical activity 

performance is good and critical performance is poor, or 2) When critical activity 

performance is good and non-critical is poor. For these scenarios, the indicator, SPI(t), 

infers an outcome in opposition to the actual duration. 

 

Figure 2 is the compiled results from the simulations for each of the nine scenarios. As shown, 

ES forecasting is vastly superior to the other methods for the scenarios in the true category. 

However, ES performs poorly for both the misleading and false categories. These findings raise 

the question, Although ES is the preferred forecasting method, as concluded by the research, 

“How can a project manager know the forecast is reliable?” The first impression the various 

scenarios provide is that ES forecasting is extremely unreliable. Of the nine possible outcome 

scenarios, four have poor correlation between SPI(t) and the actual project duration. 

 

In wrestling with the response, a more general question is considered initially, “Can project 

managers reasonably expect forecasts to be one-hundred percent consistent with final 

outcomes?” Certainly forecasting has some expectation of error; it is a prediction of the future, 

which has a goodly amount of uncertainty. Thus, project managers have some expectation that 

their tools are imperfect; therefore some error is accepted. Nevertheless, as a profession, we 

strive for perfection and work to improve from the flaws discovered in our methods. 

Accordingly, through examination of the anomalous performance reported in the study, effort is 

focused on improving ES forecasting and building confidence in its application. 

 

 

Figure 2. Scenario Performance Results
8
 

 

 

                                                 
8
 Reference (Vanhoucke M. , 2008) 
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The concern for the four scenarios, in which ES forecasting does not perform well, leads to an 

examination of the performance conditions. In reviewing figure 1 some observations are made: 

 

 RD always matches critical activity performance 

 SPI(t) correlates with non-critical activity performance 

 

Let us review these connections in more detail. For critical activities: 

 

 “-” correlates to RD < PD 

 “0” correlates to RD = PD 

 “+” correlates to RD > PD 

 

And, for non-critical activities: 

 

 “-” correlates to SPI(t) > 1 

 “+” correlates to SPI(t) < 1 

 

By recognizing and examining these correlations, it may be possible to gain insight as to the 

reasons for the ES forecast performance inconsistencies. As mentioned earlier, it is quizzical that 

ES does not perform well, when its forecast always converges to the actual project duration.   

 

It is curious as to why there are observed correlations between the symbols, RD, and SPI(t). 

Because the observations are consistent, it is hypothesized that there may be additional 

conditions or constraints imposed in the study. A condition/constraint which would explain the 

connection between the symbols and RD for critical activities is to confine the project to 

complete on the critical path of the planned schedule. As a matter of opinion, this is an 

unrealistic condition and thus raises questions as to the validity of the study results. Projects do 

not always complete on the planned critical path. 

 

The second connection correlating the “+” and “-” symbols to SPI(t) implies that the amount of 

planned/earned value used in computing the indicator is greater for the non-critical activities 

than for the critical activities. This can be deduced from the fact that SPI(t) represents the project 

performance, as a whole; SPI(t) values align with the non-critical symbols only when the 

volume of work for the non-critical activities is predominant. In general, this volume of work 

relationship between critical and non-critical activities is likely a true condition; but, it may not 

be as the schedule topology becomes increasingly serial. Applying this distribution relationship 

of planned/earned value to the critical and non-critical activities is seen as unnecessary and most 

likely perturbs the simulation results. 

 

Affirming the Study Finding 

 

Assuming the preceding analysis explaining the correlations is accurate, thereby raising 

concerns with the study, “Can the research paper’s conclusion that ES forecasting is the best 

method be upheld?” Certainly, the paper is supported by other studies and application using real 

data (Lipke, 2008) (Crumrine & Ritschel, 2013).
 
That should be sufficient; however, it is 
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desirable to use the discovery from the scenario analysis with the study results to draw the same 

conclusion.  

 

Of course, the study could be re-performed without the imposed conditions and constraints. The 

result would most likely support the paper’s conclusion; even so, we would like to avoid 

expending effort performing additional simulations and analysis. One possibility in minimizing 

effort is to review the misleading and false scenarios to see if, in some way, they over emphasize 

ES unreliability. If this is the case, then the remaining true scenarios are predominant, thereby 

increasing emphasis on the study conclusion of ES being the best EVM-based forecasting 

method. 

 

A logical argument is to recognize that performance of the non-critical activities affects the 

performance of the critical activities. For instance, a non-critical activity may need to be 

completed before a critical activity can begin. When the non-critical activity lags in its 

performance, the dependent critical activity will, in all likelihood, lag, as well. The misleading 

and false scenarios imply little connection between the performance of non-critical and critical 

activities. This is indicated by the correlation between critical activity performance and RD, and 

the total lack of correlation with non-critical performance. This unrealistic condition can be 

imposed by forcing, as the researchers did, but cannot be sustained throughout the execution of a 

real project due to task inter-dependency. As well, for ES forecasting the misleading and false 

indication conditions will resolve to SPI(t) and RD agreement during execution because of the 

characteristic of convergence to the final duration. 

 

To further amplify the deductions from the foregoing analysis, the evolution of scenario 

categories is illustrated in figure 3, using notional data. The figure demonstrates the influence of 

task inter-dependency and the convergence quality of ES forecasting. As is readily seen from the 

“True” graph, ES forecasting becomes increasingly reliable as the project proceeds to 

completion. As “True” is increasing, the components contributing to unreliability, “Misleading” 

and “False,” are decreasing.  

 
Figure 3. ES Forecasting Reliability 
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Of course the graph for all components (True, Misleading, False) and their relative probabilities 

will differ with changes to the topological structure of the schedule; forecasts for serial 

schedules are the most reliable, while parallel are least. Thus, the figure is representative, only. 

However, the graphs are credible in that they were created conservatively by beginning with 

True at 60 percent, approximating its percentage (55%) of total scenarios.  

 

Although figure 3 is notional, the interpretation of increasing forecasting reliability it illustrates 

bolsters confidence in the ES method. For example, using the True graph, the probability of a 

reliable forecast when the project is 20 percent complete is 77 percent. Later in the performance, 

when the project is 80 percent complete, the forecast made at that time is 99 percent reliable. In 

relation to the beginning point of 60 percent reliability, ES forecasting is demonstrated to 

improve rapidly with project accomplishment.  

 

From the preceding analysis the findings from the 2007 study have been affirmed and positive 

argument is made for ES forecasting. Furthermore, ES is logically assessed to be more reliable 

than the perception created from the four misleading and false scenarios presented by the study.  

 

Extending the analysis, an observation is made that primarily serial schedules have much less 

opportunity for misleading and false conditions to occur. For a completely serial schedule, SPI(t) 

must describe performance on the critical path, and hence inconsistency between the 

performance indicator and RD is significantly diminished. This observation explains the results 

from the simulation study indicating ES forecasting is more reliable for serial topology 

schedules.   

 

The discussion thus far has been concerned with ES forecasting for the total project. Recently, 

an advancement in ES theory hypothesized significant forecasting improvement by applying the 

methodology to the ‘”longest path”
9
 (Lipke, 2012). ES forecasts using LP, termed “ES-LP,” are 

virtually unaffected by the topology of the network schedule. This advancement reduces the 

possibility of misleading and false forecasting, thereby increasing ES reliability. With ES-LP, it 

is impossible to have the condition of poor, or as expected, critical performance while non-

critical is good, yielding a disconnect between SPI(t) and RD. While SPI(t) for the total project 

indicates good overall performance, SPI(t) for the longest path cannot when critical path 

performance is poor. Thus, for longest path, the instances of SPI(t) in disagreement with RD are 

significantly reduced for scenarios 4 and 7.  

 

Additionally, application of longest path forecasting reduces the disagreement for scenarios 3 

and 6. It is a near impossibility to have the disconnect between SPI(t) and RD for these 

scenarios. Regardless of planned critical path performance (good or as expected), poor schedule 

performance for longest path indicates there is a longer path to completion. Thus, in reference to 

scenarios 3 and 6, performance on the planned critical path is irrelevant in forecasting the final 

duration. However, it remains possible, though more difficult, to have SPI(t) values for the 

longest path which do not coincide with RD.  

 

Therefore it should be clear, the enhancement of ES forecasting offered by the use of the longest 

path method causes SPI(t) to be significantly more consistent with outcome duration. Longest 

                                                 
9
 The “longest path” (LP) is the serial path within the network schedule having the longest duration forecast, using 

ES methods. 
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path forecasts are more focused into the true scenarios. ES-LP forecasting, theoretically, is the 

most reliable EVM-based method.   

 

Summary and Conclusion 

 

The 2007 forecasting study contains curious results. Questions have lingered for some time as to 

why ES forecasting performed exceedingly well for the majority of scenarios in the study, but 

for some the method was very poor. Although the study concludes that ES forecasting is better 

than other EVM-based methods, it provides a negative view of ES reliability.  

 

The analysis of the induced conditions discussed the causes for the misleading and false 

scenarios of the study. The lack of task inter-dependency required to produce these scenarios is 

shown to be unrealistic. Subsequently, it is argued that the reality of inter-dependency between 

critical and non-critical activities will not allow performance on the planned critical path, solely, 

to dictate the final duration.  

 

As illustrated by figure 3, the misleading and false scenarios are inherently unstable, The 

inconsistency between SPI(t) and RD from the misleading and false scenarios is shown to be 

overcome by the evolution of project performance to the true scenarios. Therefore, the study 

conclusion is upheld by this examination: ES provides better forecasts than other EVM-based 

methods. Furthermore, it is established that ES reliability increases as the project moves toward 

completion. Consequently, ES forecasting is more reliable than perceived from the study. 

 

Finally, the application of longest path is hypothesized to minimize the misleading and false 

scenarios, improving both accuracy and reliability of ES forecasting. 

 

Final Comments 

 

The conclusions in this paper are logically derived and would welcome confirmation. 

Experimenters are challenged to perform simulations without the scenario control imposed in 

the 2007 study. Following is a description of the suggested experiments: 

 

Using the results from the uncontrolled simulations, tabulate the natural 

distribution of scenario occurrences. The scenarios are depicted in figure 4 as nine 

scenarios of project duration outcome versus the ES performance indicator, 

SPI(t). These scenarios no longer have the distinction of critical and non-critical 

activities. As shown, the True scenarios are 1, 5, and 9; Misleading scenarios are 

2, 4, 6, and 8, while False scenarios are 3 and 7. Group the results to their 

appropriate scenario and to the True, Misleading, and False categories. Perform 

this procedure at 10 percent increments of project completion. As well, repeat the 

above directions for schedules of varying serial/parallel topology. For 

comparison, perform the operations and analysis for both ES and ES-LP 

forecasting.  

 

The scenario and group tabulations are expected to illustrate the dominance of the True 

scenarios in a more natural environment, thereby confirming the conclusion that project duration 

forecasting reliability is greater than perceived from the study. Furthermore, these experiments 
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are projected to conclude that ES and, especially, ES-LP duration forecasting are very reliable 

methods. 

 

 
Figure 4. Indicator vs Outcome Scenarios 
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