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The Sensitivity of Project Schedules to Disruption:  Project Characteristics and 

Environmental Factors 

 

Abstract: This research investigated project scheduling techniques under variability and disruption. 

Seven traditionally “high performing” scheduling algorithms were used to build project schedules. 

The schedules were then executed under varying conditions in discrete event simulations. Activity 

variability and disruption length were experimentally manipulated at two and three levels. Project 

characteristics were manipulated through the use of a designed problem set of project networks. 

Performance outcome variables included traditional measures (Duration, Net Present Value) and the 

ability of the project to absorb a disruption and regain the schedule. Results indicate that schedules 

are sensitive to environmental factors, which interact with the characteristics of the project itself. 

No single algorithm performed best on all measures under all conditions; but some algorithms did 

consistently perform better under certain contexts. The findings suggest a “fit” model approach to 

project scheduling, and a fit model is presented. 

 

Description of the Problem 

 This research investigated the effects of variability and disruption upon the management of 

projects.  The purpose of this effort was to explore the usefulness of various techniques in reducing 

the negative effects of variability and disruption.  A project consists of a series of tasks or activities 

that must be performed by resources, in a specific order, to achieve a desired result.  Variability 

refers to uncertainty in the project task times.  Disruptions to the project consist of the unplanned 

unavailability of resources.  When a project is subject to variability and disruption, the project may 

begin to take longer, cost more, and achieve less than planned.  These negative effects are very 

important, and the issue has received much study by academics and practitioners alike. 
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 Coping mechanisms to avoid the consequences of variability and disruption can generally take 

two forms.  The first is to schedule or plan the resources and activities carefully in order to make the 

project less sensitive.  The second is to execute the schedule in such a way as to mitigate the 

damage done as it occurs.  It is proposed that some scheduling techniques generate plans that are 

less sensitive to variability and disruption (more stable) than others.  In addition, it is proposed that 

some execution techniques are more effective at absorbing or dampening the effects of disruption 

than others.  The stability of the project may come at the expense of other desirable project 

outcomes, however.  A more stable project may take longer to complete, or be more costly.  These 

issues have not yet been investigated to any detail.  This research addressed and began to resolve 

some of the fundamental questions and problems surrounding the performance and stability of 

projects, subject to variability and disruptions, under a variety of conditions using a variety of 

scheduling and execution techniques or strategies. 

 In order to synchronize the performance of multiple, interdependent activities in a large project, 

a schedule is developed.  The schedule represents the planned start and stop times for the activities 

and provides instructions for the resources needed to perform the activities.  Schedules are 

developed in order to achieve some set of objectives, while satisfying various constraints imposed 

upon the project.  On a basic level, performance to the schedule is important in order to ensure that 

the objectives are met and the constraints are satisfied. 

Once the project begins, however, variability in the duration of the activities and disruptions to 

the resources begin to occur.  Variability and disruption cause deviations to the schedule.  These 

deviations, in turn, may cause other deviations to future scheduled events.  These deviations in the 

timing of activities or the allocation of resources indicate instability in the execution of the project.  

This instability represents a loss in the synchronization of the project. 
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 Loss of synchronization in the activities and resources in the project may result in a degradation 

of project performance.  First, the loss of a resource (or a delay in its availability) may idle other 

resources, and result in a direct loss in productivity or efficiency.  Second, the project could 

experience a loss of synchronization of the activities and resources, resulting in a degradation of the 

effectiveness of the project.  Third, disruptions to resources may incur additional costs, degrade 

project efficiency, or lead to late completion.  Finally, project instability can result in deviations in 

the accomplishment of project milestones, which may affect the financial evaluation of the project 

or the firm responsible for the project.  Disruptions could spread throughout the system, resulting in 

many of the negative effects described previously.  An apparently minor disruption to an apparently 

minor resource could lead to grave effects on the project as a whole.  The degree to which this 

"ripple effect" creates overall problems is a reflection of the stability of the project as scheduled and 

executed. 

 This research seeks to extend the concept of the effects of resource unavailability and activity 

duration variability into the realm of schedule and resource stability.  Certain factors shape the 

ultimate performance of the project with respect to the desired outcomes.  Technical and resource 

dependencies serve to limit or bound the potential achievement of the project.  Variability in 

activity durations and disruptions in resources will influence the degree of achievement of project 

goals.  The planning and execution methods used to schedule and perform the project activities have 

also been noted to have a significant effect on the overall project performance.  While these factors 

have been studied with respect to their effects on the traditional project performance outcomes, no 

study has investigated these factors as they relate to project stability. 

As a first step, this research defines several project management stability measures.  Next, the 

study tries to provide insight into the relationships between the traditional factors of project 

performance.  These traditional factors include the characteristics of the projects, the nature of the 

project environment (activity variability and resource disruption), and the scheduling and execution 
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methods used to manage the project.  Hopefully, insight is provided into the nature of the 

relationships between these factors and project stability.  Finally, the knowledge gained in studying 

both project stability and the relationships between project stability, other outcome measures, and 

the traditional factors of project performance are extended into practical significance for the 

management of projects.  It is hoped that the descriptive theories built initially will be translated 

into prescriptions to assist managers in achieving higher levels of performance from the projects 

under their control. 

Methodology 

 The theoretical model proposes that the choice of both a planning and execution method 

has an effect upon the performance of the project.  Further, the model posits that the effects of the 

planning and execution methods on performance are moderated by the characteristics of the project 

and environment in which the project is performed.  The selection of a planning and execution 

method represent policy decisions that would be actively taken by the manager of a project.  These 

choices would be made against the backdrop of the situation; the characteristics of both the project 

and the environment in which the project exists.  Decisions taken by managers under these 

conditions would benefit from an understanding of how these factors interact. 

 The planning and execution methods represent the two primary constructs of interest in this 

study.  Previous research has already established that the planning method can play a role in 

determining project outcomes.  The influence of the execution method, while not studied as 

extensively, has also been established.  The relationships between these constructs and the project 

performance construct has a solid theoretical basis in the literature.  The current research seeks to 

extend these relationships to include stability as a new class of performance measure affected by 

planning and execution method. 
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 Two moderating constructs were included in this study.  The environmental moderator 

construct includes the factors of task duration variability and resource disruption.  This construct 

was manipulated as part of the experiment.  The problem moderator construct includes factors that 

are characteristics of the problem itself.  While not manipulated explicitly during the experiment, an 

appropriate range of values were employed through the selection of representative problems.  

Characteristics selected for inclusion in this study were those which either have already 

demonstrated or are suspected to demonstrate significant effects on the performance of the planning 

and execution methods.  The moderating effects of the problem characteristics are also well-

grounded in the literature. 

 In the theoretical model it is proposed that the choices of which planning and execution 

methods are used to manage the project will determine, to a large degree, the overall performance of 

the project.  Specific hypotheses include: 

H1:  Stability measures are positively correlated with traditional project performance measures. 

H2:  Project performance is significantly affected by the planning method used. 

H3:  Project performance is significantly affected by the execution method used. 

H4:  Relative planning & execution method performance is significantly affected by environmental 

characteristics. 

H4a:  Relative planning performance is significantly affected by the presence of activity 

duration variability. 

H4b:  Relative planning performance is significantly affected by the nature of the resource 

disruptions (longer, less frequent vs. shorter, more frequent disruptions). 

H4c:  Relative execution performance is significantly affected by the presence of activity 

duration variability. 
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H4d:  Relative execution performance is significantly affected by the nature of the resource 

disruptions (longer, less frequent vs. shorter, more frequent disruptions). 

 

 Three main performance variables of interest were investigated in this study:  project length, 

project NPV, and stability.  Project length is quite simply measured as the total duration of the 

project, from the start of the first activity to the completion of the last activity.  Financial aspects of 

project performance are also considered (especially by practitioners) to be important.  Primary 

among these is project Net Present Value (NPV).  The project duration and NPV were calculated as 

an actual value (ADUR, ANPV), expected value (SDUR, SNPV), and an actual/expected ratio 

(RDUR, RNPV).  The actual value calculations were based upon the activity start and stop times as 

simulated during the experiment.  The expected value calculations were based upon the activity start 

and stop times as programmed by the scheduling method used. 

 The final dependent variable, stability, was measured in several different ways.  Some basic 

precepts were followed when designing and selecting the stability measures used.  One precept was 

that the measures should capture some level of deviation from the schedule.  This can represent a 

deviation in activity timing (start and stop times) or a deviation in resource use, or a combination of 

the two.  Each of the measures was designed to capture activity deviation, resource deviation, or a 

combination of the two. 

Weighted Activity Deviation calculates the mean magnitude of deviation from scheduled start 

time for all activities, weighted according to earliness or lateness, and scaled for scheduled project 

size.  In Weighted Activity Deviation, Earliness (WADE) the numerator captures the total earliness 

of all activities that started before their scheduled times.  Weighted Activity Deviation, Lateness 

(WADL) captures the total lateness of all activities that started after their scheduled times.  The 

denominator scales the deviations by the size of the project as represented by the number of 
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activities times the average scheduled activity deviation.  This is equivalent to the total scheduled 

activity time.  A composite measure WADC (Weighted Activity Deviation, Composite) was 

calculated as the sum of the earliness and lateness numerators divided by the denominator used for 

the individual measures.  In each of the three measures, a larger value represents less stability. 

 The “resource offset” measures compare the profile of scheduled resource use to the 

profile of actual resource use over time.  These measures capture resource use deviations without 

regard for activities.  In other words, these variables measure resource use deviations without 

considering whether the resources are being used for the "right" (scheduled) or "wrong" activities. 

 The POIR (Profile Offset, Idleness Ratio) measure sums the amount of resource use over time 

when the actual resource use is less than the scheduled resource use.  This is unscheduled idleness.  

The POOR (Profile Offset, Overuse Ratio) measure captures the amount of resource use over time 

when the actual resource use is greater than scheduled resource use.  This is unscheduled overuse.  

Each measure is then divided by the total area under the scheduled resource profile in order to get a 

“ratio” of overuse or idleness to total scheduled time.  Note that each resource type used by the 

project will have its own profile.  The measure in use for this research will sum the areas across the 

resources equally.  “Raw” measures were calculated by assigning variables POIC and POOC to the 

values of the numerators. 

 The main experimental factors are the methods of planning (7 levels) and execution (4 levels).  

In addition, there are the moderating factors related to the environment.  These include the 

variability (2 levels) and disruption (3 levels). 

 There are, then, 168 combinations of factors (7x4x2x3) that will establish the cells in the full-

factorial design of the experiment.  Each of these 168 combinations were simulated for each of the 

18 problems in the set, yielding a total of 3,240 experiments conducted.  Each experiment (of the 
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168 combinations of the 18 problems) was conducted multiple times in order to produce estimates 

of the 11 outcome variables (two Duration, two NPV, and the seven Stability variables). 

 A subset of problems from a known, benchmark set of resource constrained project scheduling 

problems (the "Patterson Set") were used.  This subset has been selected to represent a broad 

spectrum of problem types to provide an appropriate level of variation on the problem 

characteristics identified. 

 Dynamic, discrete-event system simulation was used to generate the data for the experiment.  

The experiment was conducted as a full-factorial simulation of project scheduling and execution 

over the appropriate levels of experimentally manipulated variables.  Each run of the simulation 

model represented an independent, terminating execution of the planned schedule with "actual" 

events (task variability and disruptions) occurring randomly.  Four versions of the model were used, 

each representing the individual execution methods required by the experimental design.  The 

schedule generated by the planning method was read into the model during model initialization. 

 Through the management of simulation parameters, a range of values for key environmental 

characteristics (levels of variability and disruption) was provided.  Each parameter requiring 

random sampling used an independent random number stream, and the random number streams 

were synchronized between the four model versions.  The performance of each combination of 

planning and execution technique was measured with respect to time, NPV, and stability under a 

range of variability and disruption for the different types of projects as described under the 

experimental design.  Programs were written and run under the GPSS/H modeling language on a 

variety of IBM-PC compatible desktop computers using the 386 and 486 chipsets.  The simulation 

output consisted of matrices of the start and stop times ("actual") for all activities in the project, and 

a listing of the values of all experimental parameters used in the simulation. 
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 The methods used to analyze the data were appropriate for the experimental design and selected 

in order to address the research issues, problem, questions, and hypotheses.  As a designed, full 

factorial experiment, the selection of Analysis of Variance (ANOVA) as a primary analytical 

technique was indicated.  However, nonparametric comparison techniques were also used where 

warranted.  These will be discussed as needed in the next section. 

Results and Discussion 

 The first hypothesis concerns the relationships between the traditional measures and the 

stability measures.  Specifically, hypothesis 1 states “Stability measures are positively correlated 

with traditional measures.”  Evidence supporting this hypothesis is presented in Tables 1 and 2.  

In general, we find that while the data supports the hypothesis, several noteworthy characteristics 

are also observed. 

Table 1:  Biserial Correlations:  Parametric (Pearson's) 

 ADUR RDUR ANPV RNPV WADE WADL WADC POIC POIR POOC POOR

ADUR 
 

-           

RDUR 
 

.077 
(.000) 

-          

ANPV 
 

.897 
(.000) 

.051 
(.000) 

-         

RNPV 
 

-.064 
(.000) 

-.452 
(.000) 

.009 
(.002) 

-        

WADE 
 

.005 
(.108) 

-.123 
(.000) 

.001 
(.851) 

.146 
(.000) 

-       

WADL 
 

.456 
(.000) 

.723 
(.000) 

.402 
(.000) 

-.295 
(.000) 

-.009 
(.002) 

-      

WADC 
 

.443 
(.000) 

.670 
(.000) 

.390 
(.000) 

-.249 
(.000) 

.245 
(.000) 

.967 
(.000) 

-     

POIC 
 

.649 
(.000) 

.494 
(.000) 

.655 
(.000) 

-.111 
(.000) 

.092 
(.000) 

.845 
(.000) 

.842 
(.000) 

-    

POIR 
 

.099 
(.000) 

.621 
(.000) 

.061 
(.000) 

-.130 
(.000) 

.305 
(.000) 

.640 
(.000) 

.698 
(.000) 

.623 
(.000) 

-   

POOC 
 

.643 
(.000) 

.543 
(.000) 

.635 
(.000) 

-.255 
(.000) 

.062 
(.000) 

.865 
(.000) 

.854 
(.000) 

.982 
(.000) 

.613 
(.000) 

-  

POOR 
 

.100 
(.000) 

.693 
(.000) 

.045 
(.000) 

-.400 
(.000) 

.246 
(.000) 

.663 
(.000) 

.705 
(.000) 

.597 
(.000) 

.961 
(.000) 

.627 
(.000) 

- 
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Table 2:  Biserial Correlations:  Nonparametric (Spearman's) 

 ADUR RDUR ANPV RNPV WADE WADL WADC POIC POIR POOC POOR

ADUR 
 

-        

RDUR 
 

.121 
(.000) 

-       

ANPV 
 

.773 
(.000) 

.043 
(.000) 

-      

RNPV 
 

-.165 
(.000) 

-.596 
(.000) 

-.009 
(.001) 

-      

WADE 
 

-.010 
(.001) 

-.044 
(.000) 

-.029 
(.000) 

.011 
(.000)

-     

WADL 
 

.388 
(.000) 

.832 
(.000) 

.299 
(.000) 

-.524 
(.000)

.063 
(.000) 

-    

WADC 
 

.373 
(.000) 

.716 
(.000) 

.289 
(.000) 

-.459 
(.000)

.332 
(.000) 

.917 
(.000) 

-   

POIC 
 

.487 
(.000) 

.607 
(.000) 

.513 
(.000) 

-.336 
(.000)

.246 
(.000) 

.837 
(.000) 

.898 
(.000) 

-  

POIR 
 

.152 
(.000) 

.698 
(.000) 

.080 
(.000) 

-.330 
(.000)

.309 
(.000) 

.782 
(.000) 

.877 
(.000) 

.833 
(.000) 

- 

POOC 
 

.477 
(.000) 

.669 
(.000) 

.473 
(.000) 

-.483 
(.000)

.230 
(.000) 

.872 
(.000) 

.917 
(.000) 

.979 
(.000) 

.823 
(.000) 

-

POOR 
 

.157 
(.000) 

.769 
(.000) 

.051 
(.000) 

-.542 
(.000)

.278 
(.000) 

.821 
(.000) 

.891 
(.000) 

.806 
(.000) 

.957 
(.000) 

.849 
(.000)

-

 

First, the traditional measures clearly measure two distinct concepts:  duration and value.  The 

raw values ADUR-ANPV and the ratio variables RDUR-RNPV show strong correlations.  When 

adjusted to take into account the project size (through the use of the ratio variables), this correlation 

is negative. 

Second, the stability measures divide into two distinct groups, the offset measures and the 

deviation measures.  Idleness and overuse appear to behave similarly; they covary both in raw and 

ratio form.  The activity deviation measures seem to consist of a trivial earliness component, and a 

much more prevalent lateness component. 

Third, between and among the traditional and stability measures, two phenomena seem to 

suggest that the two types of measures indeed constitute different classes of project performance 

characteristics.  First, while the traditional and stability measures exhibit strong covariation in some 
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areas, in others the relationships are weak.  Second, the overall correlations between the types of 

measures are lower than those within each type of measure, indicating that perhaps there are 

differing degrees of commonality or overlap between and among the types of measures. 

Overall, it can be said that duration, stability, and value are distinct aspects of project 

performance; and that these aspects are related to each other.  In general, higher stability is 

associated with higher NPV and shorter (better) duration.   

 Hypothesis 2 posits that “Project performance is significantly affected by the planning 

method used.”  Evidence relevant to this hypothesis is presented in Table 3.  Multiple comparisons 

were used to distinguish between the performance of the scheduling methods under all 

combinations of the remaining treatments and factors.  For a given test, if the performance between 

the scheduling methods was found to be significantly different, this would support the hypothesis.  

The dependence of a variable upon the planning method used is represented by the ability of the 

multiple comparison method to discriminate between them based on ranked performance against 

that variable. 

Table 3:  Summary of Multiple Comparisons (Scheduling by Execution) 

 Discrim. Ability (24) Rank    Rank Diff 
Var 1 2-3 4-5 6-7 Top 2 Ratio Bottom 2 Ratio var dis 
ADUR 0 0 16 8 OPT RSO 47/48 BCP DCF 48/48 2/12 2/8 
RDUR 3 7 11 3 DCF BCP 41/42 OPT RSO 31/42 4/12 2/8 
ANPV 12 1 7 4 LFT OPT 19/24 LSC DCF 21/24 0/12 4/8 
RNPV 14 4 3 3 DCF BCP 16/20 RSO LSC 17/20 0/12 3/8 
WADE 12 4 4 4 OPT DCF 12/24 RSO LSC 24/24 2/12 3/8 
WADL 3 11 9 1 LSC BCP DCF 37/42 OPT RSO 26/24 7/12 6/8 
WADC 2 13 7 2 DCF BCP 27/44 RSO LSC 33/24 5/12 4/8 
POIC 2 8 14 0 LFT BCP RSO 29/44 RSO LSC 24/44 6/12 7/8 
POIR 2 7 15 0 LFT BCP RSO 29/44 RSO LSC 24/44 6/12 7/8 
POOC 2 13 9 0 BCP RSO LFT 30/44 RSO LSC 24/44 5/12 6/8 
POOR 2 13 9 0 BCP RSO LFT 30/44 RSO LSC 24/44 5/12 6/8 

 

“Highly dependent” cases were characterized by variables which had an ability to discriminate 

into 4 or more (out of 7) performance groups in more than 75% of all cases (18 out of 24), and 
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fewer than 10% of the cases where performance was unable to be separated (3 out of 24).  “Strongly 

dependent” cases were characterized by variables which had an ability to discriminate into 4 or 

more (out of 7) performance groups in more than 50% of all cases (12 out of 24), and fewer than 

25% of the cases where performance was unable to be separated (6 out of 24).  “Moderately 

dependent” cases were characterized by variables where fewer than 25% of all cases were unable to 

be discriminated (6 out of 24). 

 While the hypothesis was generally supported by the data, the variables responded differently 

to the influence of the scheduling methods.  ADUR performance was highly dependent upon 

scheduling method. RDUR, POIC, and POIR were strongly dependent, and WADL, WADC, 

POOC, and POOR were moderately dependent. ANPV, RNPV, and WADE were only moderately 

dependent upon scheduling method; and only under certain circumstances. 

 Hypothesis 3 posits that “Project performance is significantly affected by the execution 

method used.”  Evidence relevant to this hypothesis is presented in Table 4.  Multiple comparisons 

were used to distinguish between the performance of the execution methods under all combinations 

of the remaining treatments and factors.  For a given test, if the performance between the execution 

methods was found to be significantly different, this would support the hypothesis.  The dependence 

of a variable upon the execution method used is represented by the ability of the multiple 

comparison method to discriminate between them based on ranked performance against that 

variable. 

“Highly dependent” cases were characterized by variables which had an ability to discriminate 

into 3 or more (out of 4) performance groups in more than 75% of all cases (32 out of 42), and 

fewer than 10% of the cases where performance was unable to be separated (4 out of 42).  “Strongly 

dependent” cases were characterized by variables which had an ability to discriminate into 3 or 

more (out of 4) performance groups in more than 50% of all cases (21 out of 42), and fewer than 
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25% of the cases where performance was unable to be separated (11 out of 42).  “Moderately 

dependent” cases were characterized by variables where fewer than 25% of all cases were unable to 

be discriminated (11 out of 42). 

Table 4:  Summary of Multiple Comparisons (Execution by Scheduling) 

 Discrim. Ability (42) Rank    Rank Diff 
Var 1 2 3 4 Top 1 Ratio Bottom 1 Ratio var Dis 
ADUR 0 13 19 10 NRN FRN 41/42 FRW NRW 28/42 12/21 10/14
RDUR 0 13 19 10 NRN FRN 41/42 FRW NRW 28/42 12/21 10/14
ANPV 0 21 19 2 NRN FRN 32/42 FRW FRN 27/42 15/21 5/14
RNPV 0 22 18 2 NRN FRN 33/42 FRW FRN 27/42 15/21 5/14
WADE 0 15 27 0 FRW FRN 42/42 NRN 42/42 0/21 0/14
WADL 1 12 18 11 FRN NRN 39/41 NRN FRN 34/41 15/21 12/14
WADC 0 14 14 14 NRW FRN 34/42 NRN 42/42 0/21 5/14
POIC 0 12 20 10 FRN NRW 31/42 NRN FRW 36/42 3/21 13/14
POIR 0 12 21 9 FRN NRW 31/42 NRN FRW 36/42 3/21 13/14
POOC 0 17 16 9 NRW FRN 33/42 NRN FRN 35/42 4/21 13/14
POOR 0 16 18 8 NRW FRN 33/42 NRN FRN 35/42 4/21 13/14

 

 This hypothesis was consistently and strongly supported by the data.  All variables except for 

RDUR were strongly dependent upon execution method.  RNPV was moderately dependent upon 

the choice of execution method, and missed being characterized as strongly dependent by only 1 

case out of 42. 

 Hypothesis 4a posits that “Relative planning method performance is significantly affected 

by the presence of activity duration variability.”  Evidence to support this hypothesis would take 

the form of differences in rank order performance of the planning methods across the levels of the 

variability factor, within combinations of the other treatments and factors. 

 The evidence is presented in Table 4, through an examination of the number of cases where the 

relative rank performance order was significantly different.  Strong evidence in support of the 

hypothesis was indicated for the variable WADL.  Only moderate evidence was seen for RDUR, 

WADC, POIC, POIR, POOC, and POOR.  Weak or no support was indicated for ADUR, ANPV, 
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RNPV, and WADE.  It would seem that the overall evidence in support of this hypothesis is 

equivocal and variable-specific. 

 Hypothesis 4b proposes “Relative planning method performance is significantly affected by 

the type of resource disruption.”  Evidence to support this hypothesis would take the form of 

differences in rank order performance of the planning methods across the types of the disruption 

factor, within combinations of the other treatments and factors. 

 The evidence is presented in Table 3, through an examination of the number of cases where the 

relative rank performance order was significantly different.  Strong evidence in support of the 

hypothesis (highly dependent or strong dependence) was indicated for the variable WADL, POIC, 

and POIR.  Only moderate evidence was seen for ANPV, RNPV, WADE, and WADC.  Weak or no 

support was indicated for ADUR, and RDUR.  It would seem that the overall evidence in support of 

this hypothesis is moderately strong and general in nature- with the exception of the duration 

variables. 

 Hypothesis 4c suggests that “Relative execution method performance is significantly 

affected by the presence of activity duration variability.”  Evidence to support this hypothesis 

would take the form of differences in rank order performance of the execution methods across the 

levels of the variability factor, within combinations of the other treatments and factors. 

 The evidence is presented in Table 4, through an examination of the number of cases where the 

relative rank performance order was significantly different.  Strong evidence in support of the 

hypothesis was indicated for the variable ADUR, RDUR, ANPV, RNPV, and WADL.  Weak or no 

support was indicated for the remainder of the stability variables.  The overall evidence in support 

of this hypothesis is strong for the traditional variables of duration and value; but nonexistent for the 

stability measures. 
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 Hypothesis 4d states that “Relative execution method performance is significantly affected 

by the type of resource disruption.”  Evidence to support this hypothesis would take the form of 

differences in rank order performance of the planning methods across the types of the disruption 

factor, within combinations of the other treatments and factors. 

 The evidence is presented in Table 4, through an examination of the number of cases where the 

relative rank performance order was significantly different.  Strong evidence in support of the 

hypothesis (highly dependent or strong dependence) was indicated for the variables ADUR, RDUR, 

WADL, POIC, POIR, POOC, and POOR.  Moderate evidence was seen for ANPV, RNPV, and 

WADC.  Weak or no support was indicated only for WADE.  It would seem that the overall 

evidence in support of this hypothesis is strong and general in nature, across variables of all types. 

 A summary of the analysis of the multiple comparison tables with respect to the research 

hypotheses is presented below in Table 5, Summary of Multiple Comparisons (Overall).  For each 

variable, inferences are drawn with respect to the level of support provided to hypotheses 2, 3, and 4 

as previously discussed. 

Table 5:  Summary of Multiple Comparisons (Overall) 

 H2 H3 H4a H4b H4c H4d 
ADUR ++ + - - + + 
RDUR + + ~ - + + 
ANPV -1 + - ~ + ~ 
RNPV -1 ~ - ~ + ~ 
WADE -2 + - ~ - - 
WADL ~ + + + + ++ 
WADC ~ + ~ ~ - ~ 
POIC + + ~ ++ - ++ 
POIR + + ~ ++ - ++ 
POOC ~ + ~ + - ++ 
POOR ~ + ~ + - ++ 

Support:    ++ very strong   + high   ~moderate   - weak or none 
1  supported under variability = none      2  supported under no waiting 
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Additionally, evidence was found to support H1; but while the traditional variables and the 

stability variables covaried as expected, the relationships were not clear.  The stability variables 

seemed to be measuring something “intrinsically different” from either duration or value.  The 

implications of this evidence are discussed in the next section. 

Conclusions and Recommendations 

 Project stability has not yet been studied explicitly; nor has the role of disruption.  This 

research investigated the performance of both planning and execution techniques in the single 

project, constrained resource environment, under conditions of uncertainty, when subject to 

disruptions.  Planning techniques included several of the most popular and successful heuristics for 

project planning and scheduling in the literature today.  Similarly, execution techniques included a 

representative collection of allocation and decision making methods.  A known, benchmark set of 

project scheduling problems representing a broad spectrum of project characteristics were simulated 

at multiple levels of variability and disruption.  The performance of each combination of planning 

and execution technique has been measured with respect to time, net present value, and stability. 

In summary, instability in a project may lead to many negative effects.  First, the loss of a 

resource (or a delay in its availability) may idle other resources, and result in a direct loss in 

productivity or efficiency.  Second, the project could experience a loss of synchronization of the 

activities and resources, resulting in a degradation of the effectiveness of the project.  Third, 

disruptions to resources may incur additional costs, degrade project efficiency, or lead to late 

completion.  Finally, project instability can result in deviations in the accomplishment of project 

milestones, which may affect the financial evaluation of the project or the firm responsible for the 

project.  Disruptions could spread throughout the system, resulting in many of the negative effects 

described previously.  An apparently minor disruption to an apparently minor resource could lead to 
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grave effects on the project as a whole.  The degree to which this "ripple effect" creates overall 

problems is a reflection of the stability of the project as scheduled and executed. 

This research sought to extend the concept of the effects of resource unavailability and activity 

duration variability into the realm of schedule and resource stability.  Certain factors shape the 

ultimate performance of the project with respect to the desired outcomes.  Technical and resource 

dependencies serve to limit or bound the potential achievement of the project.  Variability in 

activity durations and disruptions in resources will influence the degree of achievement of project 

goals.  The planning and execution methods used to schedule and perform the project activities have 

also been noted to have a significant effect on the overall project performance.  While these factors 

have been studied with respect to their effects on the traditional project performance outcomes, no 

study has investigated these factors as they relate to project stability. 

As a first step, this research defined several project management stability measures.  The study 

tried to provide insight into the relationships between the traditional factors of project performance.  

These traditional factors included the nature of the project environment (activity variability and 

resource disruption), and the scheduling and execution methods used to manage the project.  

Hopefully, insight was provided into the nature of the relationships between these factors and 

project stability.  Finally, the knowledge gained in studying both project stability and the 

relationships between project stability, other outcome measures, and the traditional factors of 

project performance could be extended into practical significance for the management of projects.  

Ultimately, it is hoped that the descriptive theories built initially can be translated into prescriptions 

to assist managers in achieving higher levels of performance from the projects under their control. 
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