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Abstract

Classical project scheduling methodologies, including PERT and CPM, rely on a foundational
statistical assumption: that task variances in a chain of sequential dependencies are independent
and additive. This assumption yields the well-known formula o2_total = Zo?, which implies that
project uncertainty grows in proportion to the square root of the number of tasks. This paper
demonstrates that this assumption is fundamentally violated in real-world project execution and
proposes a six-factor model that accounts for the compounding, accelerating, and asymmetric
nature of schedule uncertainty.

This paper explains the impact of these six factors: (1) duration-proportional variance, (2)
transition variance between dependent tasks, (3) compounding degradation with acceleration, (4)
planning bias, (5) rework probability from degraded execution quality, and (6) context switching
penalties from task interruptions. When calibrated against industry performance data showing 45-
65% on-time delivery rates and approximately 30% on-time-and-on-budget performance, the
model demonstrates that classical methods capture less than 20% of the total project variance.
The remaining 80% arises from factors that are structurally invisible to traditional scheduling tools.

The model produces log-normal schedule distributions rather than Gaussian distributions,
reflecting the empirical reality that project durations exhibit strong right-skew: delays compound
while gains are bounded. The resulting mathematical framework provides project professionals
with a quantitative tool to explain, predict, and communicate the true magnitude of schedule risk.

Traditional Scheduling relies on inadequate calculations to reliably prepare project plans,
schedule a portfolio, and execute the portfolio.
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1. Introduction: The Persistent Failure of Schedule Prediction

Project scheduling has been a formal discipline for over sixty years, yet the track record of
schedule prediction remains remarkably poor. Industry data consistently shows that only 45-65%
of projects are delivered on time, and when budget performance is included, the figure drops to
approximately 30%. These statistics have remained stubbornly stable across decades of
methodological advancement, software innovation, and professional development.

The persistence of this failure suggests that the problem is not one of execution but of the
underlying mathematical model. The classical variance-addition formula assumes that task
durations are independent random variables whose variances simply add along a sequential
chain. This paper argues that this assumption fails in five specific and quantifiable ways, and that
these failures compound to produce a systematic underestimation of schedule uncertainty that no
amount of improved task-level estimation can overcome.

1.1 The Classical Model and Its Assumptions

When tasks are arranged in sequence, the classical model represents the total schedule variance
as the sum of individual task variances:

O%otal = 2.0;?

This produces a total standard deviation of o total = V(2oi2), which grows with the square root of
the number of tasks rather than linearly. The implication is that uncertainty accumulates more
slowly because some tasks will finish early, partially offsetting those that finish late, but then
intuition and experience suggest something different.

This statistical cancellation effect is mathematically valid under a single critical condition: the task
durations must be independent. Tasks are not independent events; they are part of a system of
both task and resource dependency. And even greater dependency across the project portfolio.
This paper presents evidence and argument that in real project execution, this condition is
systematically violated, and that the violations are not random but directional, consistently biasing
outcomes toward delay.

2. The Six-Factor Model

The six factors required to explain real-world project slippage in simple terms are:
1. Random Task Variance exposure increases with duration.
2. Between-task handoff variance.
3. A Delay compounds and proliferates through the task and resource dependencies.

4. Task Optimism to win bids and assumes resources are available at planned levels.
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5. Rework, mistakes, and quality degradation amplification as delays compound
6. Task interruption triggered by conflicting resource, priority demands
The following appears complicated, but reading each explanation will build a clear picture.

The enhanced algorithm can be built with these factors:
oZieff = [k - (B - (1+A) - di)? + 1i2] - (1 + ap + &(i-1))(i-1) - (1 + pi)

Each term in this formula corresponds to one of the six specific, observable phenomena in project
execution ignored by the classical model.

2.1 Factor 1: Duration-Proportional Variance (k)
“Random event exposure.”

The classical model often assigns a fixed variance to each task regardless of its duration. This
ignores a fundamental reality: a 30-day task has far more exposure to disruption than a 3-day
task. More days mean more opportunities for the weather to impact tasks, for crews to be pulled
to other jobs, for coordination conflicts to emerge, for materials to go missing, and for inspection
delays.

The six-factor model introduces a variance coefficient k, where the base variance of a task is
proportional to the square of its planned duration () :

O%ase = K - d?

For k = 0.04, a 10-day task has a base standard deviation of 2 days (02 = 4), while a 30-day task
has o = 6 days (02 = 36). The quadratic relationship reflects the observation that longer tasks are
not merely proportionally more variable; they are disproportionately so, because the number of
potential interference events grows with duration.

2.2 Factor 2: Transition Variance (1?)
“Between Task Uncertainty.”

The classical model treats the connection between tasks as instantaneous and deterministic. In
practice, the handoff between a predecessor and its successor is itself a source of significant
uncertainty. The predecessor may not finish cleanly, requiring conditional handoffs or disputed
completion criteria. Notice to proceed may be delayed by approvals, inspections, or administrative
lag. Mobilization of the successor crew is never instantaneous; even when the predecessor is
complete, it takes time to move people, equipment, and materials into position.

The transition variance 1i? captures this handoff uncertainty for each task connection. The first
task in a chain has 1,2 = 0 (no predecessor), but every subsequent task carries its own transition
variance. Critically, 72 is subject to the same chain amplification as task variance, because a
handoff deep in a disrupted chain occurs in a degraded environment where approvals are slower,
mobilization is harder, and everyone's attention has scattered.
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Typical transition variances range from 2 to 8 days?, depending on the complexity of the handoff,
the number of trades involved, the inspection requirements, and the contractual relationships
between the parties.

2.3 Factor 3: Compounding Degradation with Acceleration (ag, 8)
“Disruption propagates via dependencies; recovery options decrease.”

This is the model's central mechanism, and the primary reason classical methods fail. When a
task in a dependency chain is delayed, the effect on its successor is not limited to a shift in the
start date. The delay actively degrades the chain of successor's execution conditions through
multiple reinforcing mechanisms:

Resource demobilization: Workers and equipment assigned to the successor task get
reassigned during the delay. When the predecessor finally finishes, the successor's resources
must be remobilized, often at reduced strength and higher cost.

Priority erosion: Early in a project, the work is the main event for all parties. As delays
accumulate, the project loses its position in everyone's queue. Subcontractors send their best
crews elsewhere. Supplier deliveries slip in priority.

Staging and logistics disruption: Material laydown areas are repurposed. Stored materials
may degrade, expire, or require re-handling. Just-in-time delivery sequences are broken.

Institutional knowledge loss: The people who understood the original plan and had the
relationships to make coordination work move on to other assignments. Their replacements
execute a recovery plan for a project they don't fully understand.

Contractual and relational damage: Cooperative relationships deteriorate into adversarial
ones. Delay claims are filed. Legal and commercial disputes consume energy that should be
directed at execution.

The model captures this through an amplification factor (1 + a)(i-1), where a is the degradation
coefficient per handoff. However, the six-factor model goes further by recognizing that a itself
accelerates through the chain. The effective degradation rate at position (i) is:

deff = Ay + O(i-1)

where q, is the base degradation rate, and 06 is the acceleration per position. This reflects the
empirical observation that the fifth delay in a chain is proportionally more damaging than the first,
because recovery options have been exhausted, management patience has eroded, and the
project's ability to absorb further shocks has been systematically depleted.

2.4 Factor 4: Planning Bias (B)
“Optimism wins bids, and Resources are assumed available as planned.”

The classical model assumes that planned task durations are unbiased estimates of the expected
value. In practice, they are systematically optimistic. Bids are competitive, and schedules are
compressed to win work. Resource availability is assumed at ideal levels. Weather, coordination
conflicts, and learning curve effects are underweighted. Contingency is removed under schedule
pressure from stakeholders.
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The planning bias factor 3 multiplies the planned duration to produce a more realistic baseline. At
B = 1.0, the model assumes no planning bias (the planned durations are accurate). At g = 1.10,
the model assumes plans are 10% optimistic, meaning a task scheduled for 20 days will actually
require 22 days under ideal conditions before any disruption effects are considered.

Research on reference-class forecasting consistently shows a planning bias of 10-30% for
construction and infrastructure projects. The model allows ( to be calibrated against an
organization's historical performance data.

2.5 Factor 5: Rework Probability (p)
“Pressure-induced error increases, especially in the life cycle’s last third.”

Work performed under degraded conditions produces more defects. Crews working in congested
areas, under schedule pressure, with incomplete information, or with unfamiliar team
compositions will generate rework. This rework consumes time allocated to subsequent tasks,
amplifying the disruption cascade.

The model introduces a rework factor (1 + pi) that multiplies the effective variance of each task.
Like degradation, rework probability increases with chain position:

Pi = Py + Paccel * (I-1)

At the front of the chain, rework rates are near baseline because conditions are close to plan.
Deep in a disrupted chain, rework rates escalate because each preceding degradation factor has
compromised the execution environment's quality. A task that would have a 4% rework probability
under ideal conditions might face 15% or higher at position 10 in a severely disrupted chain.

2.6 Factor 6: Context Switching Penalty (A)
“Expect multi-tasking: Stop / Restart, and insufficient resource availability.”

Project schedules assume that tasks execute as continuous, uninterrupted blocks of work. In
practice, tasks are routinely interrupted by competing demands, resource conflicts, workspace
limitations, and reactive management decisions. Each interruption triggers a sequence of
nonproductive transitions:

1. Set-down of the current task: securing work in progress, protecting partially completed
elements, documenting status, and releasing temporary resources.

2. Setup of the interrupting task: mobilizing different crews or equipment, establishing new
work areas, reviewing drawings and specifications for the new scope.

3. Execution of the interrupting work.

4. Set-down of the interrupting task: repeating the securing and documentation process.

5. Re-setup of the original task: remobilizing the original crew, re-establishing the work area,
reviewing where work was left off, and the cognitive ramp-up to regain productive momentum.

The context-switching penalty A represents the total additional duration introduced by these
transitions, expressed as a percentage of the original task duration. At A = 15% with an average
of 2 switching episodes per task, a 20-day task loses approximately 3 days to setup and set-down
cycles. This time does not appear in the original schedule.
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Critically, context switching adds to both effective duration and variance. Interrupted work is
inherently less predictable than continuous work because each restart carries the risk of errors
due to lost context, changing conditions, or different personnel resuming where others left off.

The model allows the number of switching episodes to be adjusted for each task, recognizing that
tasks involving multiple trades or complex interfaces are more susceptible to interruptions than
single-trade activities.

3. Distributional Implications:
Why Gaussian Assumptions Fail

The classical model implicitly assumes a Gaussian (normal) distribution of tasks and even the
project completion time, centered on the planned duration with symmetric tails. The six-factor
model demonstrates that this assumption is unrealistic for a single fundamental reason: delays
compound, but gains do not.

When a task finishes late, it actively degrades the successor's starting conditions through the
mechanisms described in Section 2.3. The degradation coefficient kicks in, amplifying variance
forward. But when a task finishes early, the successor does not experience a corresponding
improvement. The crew scheduled for next week does not arrive early. Materials do not ship
ahead of schedule. Inspectors do not advance their appointments. At best, the time savings are
banked; it does not compress the next task's variability.

This asymmetry produces a distribution with a hard floor on the left (a project or task can only
finish so much earlier than planned) and an open-ended tail on the right (the potential for overrun
is theoretically unbounded). The resulting shape is much closer to a log-normal distribution, which,
not coincidentally, is what empirical studies of actual project durations consistently show.

The log-normal distribution has several properties that match observed project behavior:

The mode (most likely outcome) is lower than the mean (expected outcome), creating an
optimism trap in which planning for the most likely outcome systematically underestimates the
expected outcome.

The median is less than the mean, meaning more than half of all outcomes fall below the
expected value, while those that exceed it do so by a larger margin.

Skewness is always positive and increases with variance, meaning that higher uncertainty
projects have proportionally fatter right tails.

The distribution naturally bounds durations at zero (negative durations are impossible), unlike
the Gaussian, which assigns a nonzero probability to negative values.

4. Variance Decomposition: Where the Uncertainty Comes
From

When the six-factor model is applied to a representative 10-task construction project chain with a
174-day planned duration, the variance decomposition reveals a striking result:
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Task durations (k-d?) 138.5 18.9% Classical
Context switching (A) 58.8 8.0% Hidden
Transition delays (1?) 44.0 6.0% Hidden
Rework (p) 74.9 10.2% Hidden
Chain amplification (a + 8) 443.1 56.8% Hidden
TOTAL 781.1 100%

Table 1: Variance decomposition for a representative 10-task, 174-day project chain. Classical
scheduling methods see only the first row.

The classical model captures 18.9% of total project variance. The remaining 81.1% arises from
five factors that are structurally invisible to PERT and CPM. The dominant factor is chain
amplification at 56.8%, which represents the compounding cascade of degradation as disruptions
propagate through the dependency chain. This single factor alone represents three times the
entire variance that the classical model accounts for.

The practical implication is that a project manager using classical tools is operating with less than
one-fifth of the relevant risk information. The schedule contingency derived from classical analysis
will be systematically insufficient, and no improvement in task-level estimation accuracy can
compensate for the missing 81% of structural variance.

5. Calibration Against Industry Performance Data

The model's parameters can be calibrated against historical performance data. Using the
representative project chain with the following parameter values:

Description Default Interpretation

dg Base degradation coefficient 0.10 10% variance increase at first
handoff
o Degradation acceleration 0.015 a increases by 1.5% per
position
Variance coefficient 0.04 10-day task — o = 2 days
Planning bias 1.00 No additional bias (captured by
)
Po Base rework probability 0.04 4% rework under ideal
conditions
pa Rework acceleration 0.012 Rework increases 1.2% per
position
A Context switch penalty 15% 15% of duration per n episodes
n Switch episodes per task 2 Average (adjustable per task)
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Table 2: Default parameter values for the six-factor model.
With these parameters, the model produces:

P(finish < plan) = 38.2%, which falls at the lower end of the industry benchmark range of 45-
65% on-time delivery, consistent with a moderately disrupted project.

P(finish < plan + 10%) = 30.9%, closely matching the industry figure of approximately 30% for
on-time and on-budget delivery.

Expected overrun of +18.4% against the planned duration, consistent with observed average
schedule overruns in construction and infrastructure projects.

A log-normal distribution with skewness of 0.39, confirming the strong right-skew that
characterizes real project outcomes.

The model can be tuned to match any organization's historical performance by adjusting the input
parameters. Organizations with strong project controls and experienced teams will have lower
values of ay, 8, and p. Organizations operating in highly disrupted environments or with significant
subcontractor coordination challenges will have higher values.

6. Implications for Practice

6.1 Schedule Risk Communication

The six-factor model provides a quantitative foundation for conversations that project
professionals have been having intuitively for decades. When a project director says that a late-
stage delay is far more costly than an early-stage delay of the same magnitude, the model
quantifies exactly why: the amplification factor at position 10 can reach 6-10 times the baseline,
meaning that the same disruption causes an order-of-magnitude more variance when it occurs
late in the chain.

The variance decomposition (Table 1) provides a powerful communication tool for stakeholders
who question why schedule contingency should exceed the level suggested by traditional CPM
analysis. The answer is concrete: the classical tools are measuring less than one-fifth of the actual
uncertainty.

6.2 Mitigation Prioritization

The decomposition also guides mitigation investment. Chain amplification accounts for 56.8% of
total variance, making it the highest-leverage target. Any measure that reduces a, or &, such as
resource continuity guarantees, subcontractor retention incentives, or prepositioned recovery
resources, will have a disproportionate effect on total project uncertainty.

Context switching at 8.0% suggests significant value in protecting task continuity. Policies that
minimize task interruptions, such as dedicated crew assignments, protected work windows, and
single-tasking directives, address a source of variance that costs nothing to eliminate but is rarely
prioritized because it is invisible in the schedule.

6.3 Contract and Commercial Strategy
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The model has implications for contract structure. Delivery methodologies that break a project
into smaller, more independent packages reduce the chain length and therefore the amplification
effect. Phased delivery, modular construction, and design-build approaches all serve to shorten
the dependency chain and reduce a by improving coordination between sequential activities.

The ftransition variance 12 highlights the cost of fragmented contracting. Every additional
subcontractor interface is a handoff that carries its own variance. Contract strategies that
consolidate scope or incentivize seamless handoffs directly reduce 1 and its amplified
contribution to total project uncertainty.

7. Structural Schedule Deficiencies: Factors Beyond the
Equation

The six-factor model quantifies the compounding variance that arises during project execution.
However, there exist two pervasive schedule deficiencies that operate upstream of execution
entirely. These are not stochastic phenomena amenable to variance modeling; they are structural
errors in the schedule itself that guarantee divergence from reality before the first task begins.
They are presented here not as additional variables in the equation, but as preconditions that
amplify every factor the equation does capture.

7.1 Missing Logic Dependencies

Itis common for project schedules to contain incomplete logic. Dependencies that exist in physical
reality are omitted from the schedule model because the planner was unaware of them, because
the schedule was built at too coarse a level of detail to capture them, or because adding them
would have revealed inconvenient truths about the critical path. The result is a schedule that
shows activities as independent when they are, in fact, sequential or constrained by shared
resources, shared space, shared access, or shared regulatory prerequisites.

Missing dependencies have a corrosive effect on every aspect of the six-factor model. The
dependency chain is, in reality, longer than the schedule represents, which means the
amplification factor (1 + a)*(i-1) operates over a greater number of positions than the model
assumes. Transition variances that should appear in the calculation are absent because the
transitions themselves are unrecognized. When the missing dependency eventually asserts itself
during execution, typically as an unexpected delay or resource conflict, it registers as a disruption
rather than a foreseeable constraint. The project team treats it as an anomaly requiring reactive
intervention when it was, in fact, a predictable consequence of incomplete planning.

The frequency of missing logic is not trivial. Schedule quality reviews routinely find that 20-40%
of activities in a project schedule lack sufficient predecessor or successor logic. Each missing link
is a hidden dependency that will manifest during execution as an unplanned constraint, driving up
the effective values of a, 12, and p far beyond what the model’s calibrated parameters anticipate.
In this sense, missing dependencies do not add a seventh factor to the equation; they inflate every
existing factor by an amount that is unknowable until the dependency reveals itself.

7.2 Arbitrary Milestones and Predetermined Endpoints
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A second structural deficiency, equally pervasive and arguably more damaging, is the insertion
of arbitrary milestones into the schedule. These milestones are not derived from the logic network
or from a bottom-up analysis of task durations and dependencies. They are imposed from above,
typically as contractual commitments, stakeholder promises, or political deadlines that were
negotiated before a practical and feasible plan was developed. The schedule is then reverse-
engineered to hit these dates, compressing task durations, eliminating float, and forcing
parallelism between activities that should be sequential.

The consequence is a schedule that diverges from reality on day one. Task durations that were
compressed to meet the milestone are, by definition, underestimates. The planning bias factor 3
in the six-factor model partially captures this, but arbitrary milestones create a more insidious
problem: they distort the entire network topology. Activities that were placed in parallel to meet a
date will, during execution, discover that they cannot actually proceed simultaneously due to
shared resources, space conflicts, or technical prerequisites. The schedule then undergoes a
forced re-sequencing that lengthens the critical path beyond anything the original plan
contemplated.

Moreover, arbitrary milestones create unrealistic expectations among all project stakeholders.
When the milestone date slips, as it inevitably must, the response is typically acceleration:
overtime, additional crews, expedited materials, compressed testing. These recovery actions
introduce their own variance through the mechanisms described in Section 2. Fatigued crews
make more errors, increasing p. Concurrent operations in the same space increase context
switching, inflating A. Expedited procurement introduces material quality risks. The milestone that
was supposed to anchor the schedule instead becomes the catalyst for a cascade of secondary
disruptions.

7.3 The Combined Effect

These two deficiencies frequently coexist and reinforce each other. A schedule built to hit an
arbitrary milestone is precisely the schedule most likely to contain missing logic, because the
planner’s incentive is to produce a network that reaches the target date, not one that faithfully
represents the physical constraints of execution. Dependencies are omitted not out of ignorance
but out of necessity: including them would reveal that the milestone is infeasible.

The six-factor model cannot directly quantify these structural deficiencies because they are errors
in the input data rather than stochastic properties of the execution environment. A variance model,
however sophisticated, cannot compensate for a schedule that misrepresents the dependency
network it purports to describe. What the model can do is expose the consequences: when a
project is tracked against a structurally deficient schedule, the observed values of a, 13, p, and A
will all exceed their calibrated baselines, because the schedule’s omissions and distortions will
manifest as apparently random disruptions that are, in fact, the predictable result of planning to a
fiction.

The practical implication is clear: the six-factor model is most accurate when applied to a schedule
built on sound logic, with realistic durations and without externally imposed endpoints. When
applied to a schedule with missing dependencies and arbitrary milestones, the model will
underestimate the actual variance because the schedule itself is not a reliable representation of
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the work. For practitioners, the first prerequisite of reliable schedule risk analysis is not a better
variance model; it is a schedule worth modeling.

7. Conclusion

Traditional models assume symmetry and independence.
Real projects exhibit asymmetry and dependency—producing delay-heavy
outcomes.

PROJECT DURATION - TRADITIONAL NORMAL DISTRIBUTION

A
s
> Early Finishes Laté Finishis Traditional Model Assumptions Implication
= as Likely as as Likely as o Tasks are independent
o Late Finishes Early Finishes . .
< \ « Variations are symmetrical O
()
g “/  Early finishes offset late finishes
o
« Probability of finishing early 4
= Probability of finishing late ﬂ'gh con.ﬁdence
| N in meeting the
= e Results in a predictable schedule commitment date
Early Finish Expec'ted Late Finish .
Duration L
PROJECT DURATION
A PROJECT DURATION — NEW LOG-NORMAL DISTRIBUTION (REALITY)
> ! o ety
= Very Low ! High Ch p Real-World Conditions Implication
= Chance of 1 B :
2 Finishing 1 Delay - Long e Tasks are not independent
o Early i Right Tail « Delays propagate and compound
E i / o Asymmetrical variations
1
\ ! * Early finishes do not fully
1 offset late finishes High risk of
Early Finish Expected Late Finish ” * High probability of finishing late migsing the
Duration (Delays) commitment date

PROJECT DURATION

.‘6’. Key Insight: Traditional models assume a bell curve. Real projects follow a delay curve.
s The more tasks and dependencies, the longer and heavier the right tail becomes.

The classical formula 02_total = 202 is not wrong in its mathematics. It is wrong in its assumptions.
Task variances in real projects are not independent, not constant, not symmetric, and not the only
source of schedule uncertainty. The six-factor model proposed in this paper replaces each of
these assumptions with an empirically grounded alternative:

Independence is replaced by compounding degradation, accelerated.

Constant variance is replaced by duration-proportional variance with context-switching
penalties.

Symmetric (Gaussian) distributions are replaced by right-skewed log-normal distributions.

Task-only variance is supplemented by transition variance, planning bias, and rework
probability.
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The result is a model that captures approximately five times the variance of the classical approach
and produces schedule predictions that align with observed industry performance. More
importantly, it provides a framework for understanding why projects fail to meet their schedules,
where uncertainty is concentrated, and which interventions offer the highest leverage for
improvement.

The model does not require exotic mathematics or specialized software. Its parameters are
intuitive, observable, and calibratable against historical data. The accompanying spreadsheet tool
allows practitioners to apply the model to their own projects and validate its predictions against
their experience. In most cases, that experience will confirm what this paper demonstrates
mathematically: the textbook formula understates project uncertainty by a factor of five, and the
missing four-fifths of variance is not noise; it is the signal that determines whether projects
succeed or fail.
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Appendix A: Variable Summary
[ Symbol | Neme  Demton |

k Variance coefficient Proportionality factor linking task duration to base
variance. 0% = k-d2.

T2 Transition variance Uncertainty of the handoff between predecessor
and successor tasks, in days?.

dg Base degradation Initial compounding rate at the first dependency
handoff.

3] Degradation acceleration Rate at which a increases per chain position. a_eff
= ap + 0(i-1).

B Planning bias Multiplier on planned durations. 1.0 = unbiased;
>1.0 = plans are optimistic.

Po Base rework rate Probability of rework under ideal conditions.

pa Rework acceleration Increase in rework probability per chain position.

A Context switch penalty Percentage of task duration consumed by
setup/set-down cycles.

n Switch episodes Average number of interruption episodes per task.

d_i Planned duration Scheduled duration of task i in days.

i Chain position Position of the task in the sequential dependency

chain (1, 2, 3, ...).
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