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1. Ontological Foundations: Decoupling Iron Triangles from 

Value Co-Creation 

Any inquiry into project management theory must begin with the question of success. 

What does it mean for a project to succeed? The answer seems obvious to practitioners 

trained in classical frameworks: on time, within budget, to specification. These three 

criteria—cost, time, scope—constitute the Iron Triangle, a conceptual artifact so deeply 

embedded in project management education that it rarely receives explicit scrutiny. It 

functions as a background assumption, a default ontology. Yet this ontology carries 

implicit commitments that systematically misalign with the strategic purposes projects 

are intended to serve. 

1.1 The Iron Triangle and its Discontents 

The Iron Triangle emerged from mid-twentieth century defense and aerospace 

contracting. The United States Department of Defense, NASA, and their prime 

contractors required a simple, verifiable set of metrics to evaluate contractor 

performance. Cost, time, and scope were measurable. They were contractually 

enforceable. They could be audited. The logic was internal: did the contractor do what 

they said they would do, for the agreed price, by the agreed date? No reference to 

external value—whether the deliverable actually worked, whether anyone wanted it, 

whether it produced social or economic benefits—was required. The government 

specified the deliverable. The contractor delivered it. The triangle closed. 

This ontology generalized. Private sector organizations, consulting firms, and 

professional associations adopted the Iron Triangle as the universal metric of project 

success. The PMBOK Guide, through multiple editions, organized knowledge areas 

around the triple constraint. Earned value management (EVM) operationalized the 

triangle into metrics (Cost Performance Index, Schedule Performance Index) that could 

be tracked and reported. The assumption was that if a project met its cost, time, and 

scope targets, it succeeded; if it missed any, it failed. 

Three problems render this ontology problematic. 



The flat ontology problem. The Iron Triangle treats all projects as ontologically 

equivalent. A routine software patch, a nuclear power plant, a marketing campaign, and 

a high-speed rail line are all evaluated by the same three metrics. This ignores 

differences in novelty, technological uncertainty, complexity, and strategic pace. 

Shenhar's (2001) critique, developed into the NTCP model, argues that different project 

types require different success criteria. A routine project (e.g., an annual audit) should be 

judged on efficiency. A novel project (e.g., the first COVID-19 vaccine) should be judged 

on effectiveness and learning, not on timeliness or budget adherence. Applying 

efficiency metrics to novelty projects guarantees the perception of failure. 

The strategic disconnection problem. The Iron Triangle captures what the project 

produces (outputs), not what those outputs achieve (outcomes). A highway can be built 

on time, within budget, to the specified length and width, and still be the wrong 

highway—misaligned with traffic patterns, damaging to local communities, bypassed by 

subsequent development. The Olympic stadium can be delivered to specification and 

become a white elephant, unused and unmaintained. The software can be delivered 

feature-complete and be unusable because users never wanted those features. The Iron 

Triangle provides no vocabulary for discussing strategic alignment, stakeholder value, or 

benefits realization. 

The temporal mismatch problem. The Iron Triangle evaluates success at the moment 

of project closure. Yet the benefits of a project—or its harms—accrue over years or 

decades of operations. A bridge that collapses twenty years after completion due to 

undetected material defects was not a success, even if it met time, cost, and scope at 

handover. A manufacturing plant that was late and over budget but operates profitably 

for thirty years was not a failure, even if its close-out report showed red. The temporal 

boundary of the project (initiation to closure) does not align with the temporal 

boundary of value creation (operations to decommissioning). 

These problems do not render the Iron Triangle worthless. Efficiency matters. Contracts 

require enforceable metrics. Stakeholders reasonably expect predictable delivery. The 

error is not using the Iron Triangle. The error is using only the Iron Triangle and treating 

its metrics as sufficient for success evaluation. 

1.2 Shenhar's Diamond Model: The NTCP Contingency Framework 

Shenhar and Dvir (2007) proposed a contingency framework for classifying projects 

along four dimensions: Novelty (product-market uncertainty), Technology (technological 

uncertainty), Complexity (system integration difficulty), and Pace (urgency and time-

criticality). The NTCP framework rejects the assumption that all projects can be managed 



with the same tools. Different cells of the 3x3x3x3 matrix (81 possible types) require 

different managerial logics. 

Novelty ranges from derivative (improving existing products) to breakthrough (creating 

products that did not previously exist). A derivative project can use established product 

development processes. A breakthrough project cannot, because no process exists for 

creating the unprecedented. The Sydney Opera House was a breakthrough project 

masquerading as a derivative one. The client specified a building. The design did not 

exist at the specification stage. The management assumed design would be routine. It 

was not. 

Technology ranges from low-tech (existing technologies, no new development) to 

super-high-tech (technologies that do not yet exist at project initiation). The Denver 

International Airport baggage system operated at super-high-tech. The software and 

hardware integration required technologies that had not been deployed at that scale. 

The project plan assumed existing technologies would scale. They did not. 

Complexity ranges from assembly (single component) to array (dispersed, networked, 

multi-system). A nuclear power plant is an array-level complexity project. The 

subsystems (reactor, cooling, electrical, safety, control) are developed independently 

and integrated late. Integration is where failures concentrate. The complexity dimension 

captures this structural risk. 

Pace ranges from regular (time-insensitive) to blitz (time-critical with penalties for 

delay). A blitz project cannot trade time for cost. The 2010 Deepwater Horizon response 

was a blitz project; delay meant continued environmental damage. The competitive 

software launch is a blitz project; delay means lost market share. Pace affects 

governance: blitz projects require pre-authorized decisions and parallel development 

paths, accepting redundancy costs for schedule certainty. 

The NTCP framework's contribution is not classification for its own sake. It is the 

recognition that project success criteria must be contingent on project type. A 

derivative, low-tech, assembly, regular project should be judged on Iron Triangle 

efficiency. A breakthrough, super-high-tech, array, blitz project should be judged on 

learning, adaptation, stakeholder value, and system resilience. Applying Iron Triangle 

criteria to the latter guarantees failure reports that misdiagnose the nature of the 

problem. The project was not inefficient. It was mismatched to its evaluation framework. 

1.3 From Outputs to Outcomes: Benefits Realization Management 

(BRM) 



If the Iron Triangle captures outputs, what captures outcomes? Benefits Realization 

Management (BRM) attempts to bridge the gap. BRM shifts the unit of analysis from 

project delivery to value creation. The core logic is simple but operationally difficult: 

define the benefits a project is intended to produce before the project begins, specify 

how those benefits will be measured, assign responsibility for benefit realization, and 

track benefits after project closure until they are achieved or abandoned. 

The theoretical structure of BRM rests on a causal chain: 

Inputs (resources: capital, labor, materials) → Activities (the work of the project) 

→ Outputs (deliverables: bridges, software, reports) → Outcomes (immediate effects: 

travel time reduced, errors eliminated) → Benefits (value to stakeholders: economic 

productivity, user satisfaction) → Strategic objectives (organizational mission: market 

share, sustainability, equity). 

The Iron Triangle stops at outputs. BRM continues through outcomes to benefits. A 

bridge that reduces travel time from 60 to 40 minutes delivers an outcome. The benefit 

depends on who is traveling and for what purpose. Commuters gain time value. Freight 

carriers gain logistics efficiency. Emergency services gain response speed. The same 

outcome (20 minutes saved) produces different benefits for different stakeholders. BRM 

makes these distinctions explicit. 

Three theoretical challenges limit BRM adoption. 

The attribution problem. Benefits observed after project completion may not be 

caused by the project. Economic growth in a region served by a new highway could 

result from the highway, from macroeconomic trends, from other infrastructure 

investments, or from all three. Disentangling the project's causal contribution requires 

counterfactual analysis (what would have happened without the project) that is difficult, 

costly, and contestable. 

The temporal discounting problem. Benefits often accrue over decades. The project 

sponsor who authorized the investment may no longer hold the position when benefits 

materialize. The project team has disbanded. The organization's strategic priorities have 

shifted. Who monitors benefits realization when no one has an incentive to do so? BRM 

frameworks assign benefit owners, but those assignments decay over time. 

The stakeholder divergence problem. A project may produce positive benefits for one 

stakeholder group and negative consequences for another. A dam produces electricity 

(benefit for ratepayers) and displaces river communities (harm for residents). BRM 

frameworks typically aggregate benefits without resolving distributional conflicts. A net 

positive project may still be unjust. 



Despite these challenges, BRM represents a theoretical advance over Iron Triangle 

closure. It reorients project management from a production logic (efficient delivery) to a 

value logic (effective outcomes). The shift is ontological, not merely technical. It changes 

what counts as success and, therefore, what gets managed. 

1.4 The Limits of Contingency and Value Frameworks 

The NTCP and BRM frameworks are not without their own limitations. 

Shenhar's NTCP framework requires classification before the project begins. Yet novelty, 

technology, complexity, and pace are often unknown at initiation. A project believed to 

be derivative may reveal itself as breakthrough during execution. The classification is 

endogenous to the project's unfolding. The framework provides no guidance for 

updating classification as information arrives. 

BRM requires benefit specification before the project begins. Yet benefits may emerge 

that no one anticipated, or anticipated benefits may fail to materialize for reasons 

outside the project's control. The framework's linear causal chain (inputs to strategic 

objectives) implies a determinism that complex systems do not exhibit. Projects interact 

with their environments. Environments change. A benefit specified at initiation may 

become irrelevant by completion, while an emergent benefit becomes critical. BRM's 

response is periodic benefit review and re-forecasting. This is practically necessary but 

theoretically unsatisfying; it acknowledges that the ex ante specification was incomplete. 

The deeper problem is that both frameworks remain within the logic of planning. They 

assume that success can be specified ex ante and measured ex post. This assumption 

holds for projects where uncertainty is low and environments are stable. It fails for 

projects where uncertainty is high and environments are turbulent. In those conditions, 

the project's purpose is not to achieve pre-specified targets. It is to learn, adapt, and 

discover what targets are appropriate. The success criterion becomes the quality of the 

learning process, not the achievement of the plan. 

This insight leads to the methodological dichotomies examined in Section 3. If the 

environment is predictable, predictive methods (waterfall, critical path method) are 

appropriate. If the environment is unpredictable, adaptive methods (agile, iterative 

development) are necessary. The choice is not ideological. It is contingent on the 

project's uncertainty profile. The failure to recognize this contingency—applying 

predictive methods to unpredictable environments or adaptive methods to stable 

environments—explains many of the pathologies analyzed in Section 2. 



The next section examines how complexity and risk propagate through project systems. 

It argues that linear planning models cannot represent the feedback loops, rework 

cycles, and non-linear interactions that characterize complex projects. The tools 

designed to control projects instead provide false reassurance that control exists. 

 

2. Managing Systemic Complexity and Non-Linear Risk 

The ontological frameworks examined in Section 1 ask what success means. This section 

asks why failure occurs. The answer, derived from system dynamics, contingency theory, 

and behavioral economics, is that projects fail not through single catastrophic events 

but through the propagation of small errors through interdependent task networks. 

Linear planning models cannot represent these dynamics. They assume that the whole is 

the sum of its parts, that feedback loops are negligible, and that uncertainty can be 

converted into risk through probabilistic analysis. Each assumption fails under 

conditions of complexity. 

2.1 Contingency Theory and the Failure of Isomorphic Mimicry 

Contingency theory, originating in organizational sociology (Lawrence & Lorsch, 1967; 

Galbraith, 1973), argues that there is no one best way to organize. Effective structure 

depends on the organization's environment, strategy, and technology. Applied to 

project management, contingency theory implies that project governance structures—

reporting relationships, decision authority, coordination mechanisms—must adapt to 

project characteristics. A routine, low-uncertainty project can use bureaucratic structures 

(hierarchical reporting, formal procedures, centralized authority). A novel, high-

uncertainty project requires organic structures (networked communication, iterative 

decision-making, decentralized authority). 

The observed practice is different. Organizations engage in isomorphic mimicry. They 

copy project management processes from other organizations without adapting them 

to their own context. A construction firm adopts the agile methods of a software 

company. A government agency adopts the PMO structure of a defense contractor. The 

processes are implemented ceremonially. The organization can claim to have a 

"standardized project management methodology" while practitioners ignore the 

methodology because it does not fit. 



The failure of isomorphic mimicry has empirical consequences. A longitudinal study by 

Dvir, Sadeh, and Malach-Pines (2006) found that fit between project type and 

managerial style predicted success, while standardized processes predicted failure for 

non-routine projects. The implication is not that standards are useless. It is that 

standards must be tailored. The PMBOK Guide acknowledges this in its opening sections 

("tailoring is required") but provides little guidance on how to tailor. Practitioners are 

told to adapt without being told adaptation principles. 

2.2 System Dynamics and the Rework Cycle 

System dynamics (SD) modeling, developed by Forrester (1961) and applied to projects 

by Cooper (1993), provides a different lens. SD models projects as feedback systems, not 

linear sequences. Tasks are interdependent. Work done early affects work done late, and 

work done late affects rework of work done early. The models capture four feedback 

loops that linear planning ignores. 

The undiscovered rework loop. Work is completed and assumed correct. Errors exist 

but are not detected. Later tasks depend on the erroneous work. When the error is 

eventually discovered, rework cascades backward, affecting multiple completed tasks. 

The rework propagates through the network. The "90% syndrome"—projects that report 

90% complete for 90% of the schedule—is a symptom of undiscovered rework. Progress 

is reported based on tasks started, not tasks verified. 

The schedule pressure loop. Late tasks trigger schedule pressure. Pressure leads to 

shortcuts. Shortcuts increase error rates. Errors cause rework. Rework consumes time 

that was supposed to be saved. The schedule slips further. Pressure increases. The loop 

is self-reinforcing. Linear planning models treat schedule pressure as exogenous (a 

constraint) rather than endogenous (an emergent property of the system). 

The quality degradation loop. Concurrent tasks interact. Poor quality in one task (e.g., 

ambiguous specifications) forces rework in dependent tasks (e.g., design changes). 

Rework consumes capacity that would have been used for new work. The project falls 

behind. Pressure to catch up increases. Quality degrades further. The loop is also self-

reinforcing. 

**The staffing oscillation loop. New tasks require new staff. Staff require training and 

ramp-up. During ramp-up, productivity is low. Work accumulates. More staff are hired. 

Communication overhead increases. Productivity per staff member declines. The project 

cycles through periods of overstaffing (high communication overhead) and 



understaffing (insufficient capacity). Linear planning models assume constant 

productivity per staff member after a fixed ramp-up period. 

Cooper's (1993) simulation of a large defense project found that undiscovered rework 

accounted for approximately 30% of total project effort. The rework was not planned. It 

was not visible to management. It emerged from the system's dynamics. The project 

plan showed a linear progression from start to finish. The actual trajectory showed 

oscillations, plateaus, and late-stage explosions of activity. The plan was not wrong in 

the sense of inaccurate estimates. It was wrong in the sense of representing a different 

ontology—a linear world that did not exist. 

2.3 Reference Class Forecasting and the Political Limits of 

Rationality 

Flyvbjerg's (2006, 2008, 2014) work on megaproject forecasting identifies two distinct 

mechanisms of bias. The first is optimism bias, a cognitive tendency for planners to 

underestimate costs and overestimate benefits. The mechanism is psychological, not 

strategic. Planners believe their own optimistic assumptions because they are 

emotionally invested in project success. The second is strategic misrepresentation, a 

deliberate underestimation of costs and overestimation of benefits to secure project 

approval. The mechanism is political, not psychological. Planners know the true 

estimates but conceal them because accurate estimates would kill the project. 

These mechanisms require different remedies. Optimism bias responds to reference 

class forecasting (RCF). RCF ignores project-specific features (which planners use to 

justify optimism) and forecasts based on the distribution of outcomes from similar past 

projects. If the reference class of rail projects shows an average cost overrun of 45%, the 

forecast for a new rail project should include a 45% contingency. The mechanism is 

simple: replace subjective judgment with empirical base rates. 

Strategic misrepresentation does not respond to RCF. An executive who intends to 

deceive can ignore RCF forecasts just as they ignore their own internal estimates. The 

remedy for strategic misrepresentation is external: independent review, third-party 

auditing, transparency mandates, and penalties for knowingly false statements. The 

distinction matters because organizations often apply RCF (a cognitive remedy) to 

problems of deception (a political problem). RCF provides no protection against 

deliberate lying. 

Flyvbjerg's "Iron Law of Megaprojects" states: over budget, over time, under benefits, 

over and over again. The law holds across sectors, continents, and governance regimes. 



No learning curve. Flyvbjerg attributes this stability to the combination of optimism bias 

(pervasive and persistent) and strategic misrepresentation (incentivized by approval 

processes that reward optimistic forecasts). The combination is resistant to intervention 

because interventions targeting one mechanism are ineffective against the other. 

2.4 Black Swans and Fat Tails 

Taleb's (2007) concept of the Black Swan—a high-impact, low-probability event that is 

retrospectively predictable but prospectively unforeseeable—applies to project risk. 

Standard risk management assumes that risk events follow a normal distribution. 

Extreme events are possible but exponentially rare. The normal distribution assumption 

is mathematically convenient but empirically false for many project risk categories. 

Construction accidents, regulatory changes, supply chain disruptions, and technology 

failures follow power law distributions with fat tails. Extreme events are not 

exponentially rare. They occur with sufficient frequency that ignoring them 

systematically underestimates risk. 

Standard risk management also assumes that risks are independent. A construction 

accident is independent of a labor strike, which is independent of a material price spike. 

The independence assumption is mathematically convenient but empirically false. One 

risk event can trigger others. A strike causes schedule delay. Delay causes expediting 

costs. Expediting causes safety shortcuts. Shortcuts cause accidents. The risks are 

coupled. Linear risk registers (list each risk, assign probability and impact, multiply) 

cannot represent coupling. 

The practical implication is that risk management based on normal distributions and 

independence assumptions systematically underestimates tail risk. Projects appear safer 

than they are. Contingencies based on these underestimates are insufficient. When the 

Black Swan arrives—and it will—the contingency is exhausted and the project fails. 

2.5 The Limits of Probabilistic Risk Analysis 

Probabilistic risk analysis (PRA), including Monte Carlo simulation, attempts to address 

the limitations of deterministic estimates. The logic is sound: instead of single-point 

estimates for each task (duration = 10 days), use three-point estimates (optimistic = 7, 

most likely = 10, pessimistic = 15) and simulate thousands of possible trajectories. The 

output is a distribution of possible completion dates and costs, not a single number. 

Three problems limit PRA's effectiveness in practice. 



The estimation problem. Three-point estimates require the estimator to specify a 

distribution for each task. Where do the three numbers come from? The same optimistic 

estimator who provides a biased single-point estimate provides biased three-point 

estimates. Optimistic estimates produce optimistic distributions. PRA propagates bias; it 

does not correct it. 

The independence problem. Monte Carlo simulation typically assumes task durations 

are independent or correlated through simple parameters (e.g., all tasks that use the 

same resource share a factor). Real task dependencies are more complex. System 

dynamics models capture these dependencies. Monte Carlo simulations generally do 

not. 

The interpretation problem. A PRA output shows a 70% probability of completing 

within budget. Executives interpret this as "we will probably complete within budget." 

The correct interpretation is "if our estimates are unbiased, if our distributions are 

correct, if dependencies are properly specified, and if no Black Swans occur, then based 

on the model's assumptions, the probability is 70%." The gap between the model's 

conditional probability and the executive's unconditional interpretation creates 

systematic overconfidence. 

Despite these limitations, PRA remains more rigorous than deterministic estimating. The 

problem is not the technique. The problem is the gap between the technique's 

requirements (unbiased estimates, correctly specified dependencies, no Black Swans) 

and the conditions of real projects (biased estimates, unknown dependencies, Black 

Swans certain to occur over sufficiently long time horizons). 

The next section examines methodological responses to uncertainty. If the environment 

is predictable, predictive methods (waterfall, critical path) are appropriate. If the 

environment is unpredictable, adaptive methods (agile, iterative development) are 

necessary. The failure to match method to environment—applying predictive methods 

to unpredictable problems—produces the pathologies analyzed in this section. 

 

3. Methodological Dichotomies and Hybrid Architectures 

The ontological frameworks of Section 1 ask what success means. The systemic analysis 

of Section 2 asks why failure occurs. This section asks how to manage. The answer is 

contingent on uncertainty. If requirements can be fully specified before work begins and 

will not change during execution, predictive methods (waterfall, critical path method, 

earned value management) are appropriate. If requirements cannot be fully specified ex 



ante or will change as stakeholders learn, adaptive methods (agile, iterative 

development, scrum) are necessary. The error is not choosing one method over the 

other. The error is assuming one method fits all conditions. 

3.1 Waterfall (Predictive) and Its Boundary Conditions 

Waterfall methodology, originating in manufacturing and construction, assumes 

sequential phases: requirements, design, implementation, verification, maintenance. 

Each phase completes before the next begins. The logic is linear and deterministic. 

Requirements freeze. Design follows frozen requirements. Implementation follows 

frozen design. Changes late in the sequence are expensive and disruptive, so the 

process is designed to prevent them. 

The boundary conditions for waterfall are specific and restrictive. Requirements must 

be knowable ex ante. The customer must know what they want before seeing 

anything. Requirements must be stable. They cannot change during execution. The 

technology must be mature. No novel components requiring research and 

development. Dependencies must be visible. The sequence of tasks must be 

specifiable without iteration. Feedback loops must be negligible. Errors discovered 

late should not require rework of earlier phases. 

When these conditions hold, waterfall works. A bridge across a river, using established 

materials and construction techniques, with a fixed budget and completion date, no 

novel engineering, and a client who wants a bridge (not a tunnel, not a ferry)—waterfall 

is appropriate. The requirements are knowable (length, width, load capacity). They are 

stable (the river will not move). The technology is mature (concrete, steel, cable-stayed 

designs). Dependencies are visible (foundations before piers, piers before deck). 

Feedback loops are manageable (errors in foundation design will be caught before the 

deck is built). 

When these conditions do not hold, waterfall fails catastrophically. The Denver 

International Airport baggage system is the canonical example. Requirements were not 

knowable ex ante. No one had built a fully automated baggage system at that scale. The 

system's behavior emerged through interaction of software, hardware, and airport 

operations. Requirements changed as stakeholders learned what was possible. The 

technology was not mature. Novel software and hardware required concurrent 

development. Dependencies were not visible. Software errors required hardware rework; 

hardware errors required software rework. Feedback loops dominated the dynamics. 

Waterfall assumed linear progression. The project exhibited non-linear oscillation. 



Waterfall's failure under uncertainty does not make waterfall wrong. It makes waterfall 

bounded. The error is applying waterfall outside its boundary conditions. 

3.2 Agile (Adaptive) and the Misunderstanding of Iteration 

Agile methodology, originating in software development, emerged as a reaction to 

waterfall's failures. The Agile Manifesto (2001) prioritized individuals and interactions 

over processes and tools, working software over comprehensive documentation, 

customer collaboration over contract negotiation, and responding to change over 

following a plan. The core mechanism is iteration: short cycles (sprints) of requirements, 

design, implementation, testing, and review. At the end of each sprint, the team 

demonstrates working software to the customer. The customer revises requirements 

based on what they see. The next sprint incorporates the revisions. 

The boundary conditions for agile are also specific. Requirements must be 

unknowable ex ante. If the customer could specify everything upfront, agile's iterative 

mechanism adds overhead without benefit. Feedback must be fast. Long feedback 

cycles (e.g., quarterly reviews) break the learning loop. The product must be 

modular. Tightly coupled components cannot be developed iteratively because 

changes to one module cascade through others. The team must be co-located or 

have high-bandwidth communication. Distributed teams with time zone and 

language barriers cannot maintain the iteration cadence. The customer must be 

available. Agile requires active customer participation, not a handed-over specification. 

When these conditions hold, agile works. A software startup developing a novel 

application, with no existing user base, vague requirements that will crystallize through 

user testing, a small co-located team, and a founder who serves as product owner—

agile is appropriate. The requirements are unknowable ex ante (no one knows what 

users want until they use it). Feedback is fast (daily builds, weekly sprints). The product is 

modular (microservices architecture). The team is co-located. The customer (the 

founder) is available. 

When these conditions do not hold, agile fails. A safety-critical system (avionics, medical 

devices) with regulatory requirements for documentation and verification cannot be 

developed with lightweight agile processes. A project with geographically distributed 

teams and time zone differences cannot maintain daily stand-ups. A project with a 

customer who will not participate—who wants to hand over a specification and receive a 

product—cannot use agile's collaborative mechanism. A project with tight coupling 

between modules cannot iterate on one module without breaking others. 



Agile's failure under predictability does not make agile wrong. It makes agile bounded. 

The error is applying agile outside its boundary conditions. 

3.3 The Rise of Hybrid Models (Water-Scrum-Fall) 

Most real projects fall between the boundary conditions of pure waterfall and pure agile. 

Requirements are partially knowable. Some components are mature; some are novel. 

Some stakeholders want fixed specifications; some want iterative refinement. The 

response is hybrid models. 

The most common hybrid is Water-Scrum-Fall. Requirements are specified upfront using 

waterfall logic (the "Water" phase). The product owner freezes the high-level 

architecture, interfaces, and non-functional requirements (security, performance, 

compliance). Within that frozen architecture, development teams use scrum (agile) to 

iterate on functional components (the "Scrum" phase). At the end of each sprint, the 

component is demonstrated, tested, and integrated. Finally, the integrated product 

undergoes waterfall-style verification, validation, and deployment (the "Fall" phase). 

The hybrid logic is theoretically sound. Freeze what must be fixed (interfaces, 

infrastructure, compliance). Iterate on what can vary (functionality, user experience, 

performance optimization). The challenge is managing the interface between the frozen 

and iterative layers. A change in an iterative component may require a change in a 

frozen interface. The interface was frozen to prevent such changes. The team faces a 

choice: violate the freeze (breaking the waterfall commitment) or accept a suboptimal 

component (breaking the agile value of responding to change). Hybrid models provide 

no general solution to this trade-off. They only make it visible. 

3.4 Critical Path Method and the Fiction of Perfect Precedence 

The critical path method (CPM), developed by DuPont and Remington Rand in the 

1950s, remains the dominant scheduling tool for waterfall projects. CPM models the 

project as a directed acyclic graph. Nodes represent tasks. Arrows represent 

dependencies. The critical path is the longest path through the network; any delay on 

the critical path delays the project. Non-critical tasks have float—slack that can be 

consumed without delaying the project. 

CPM's elegance is also its vulnerability. The directed acyclic graph assumes 

dependencies are known, fixed, and unidirectional. Task A must finish before Task B can 

start. Task C depends on both A and B. The graph cannot represent feedback loops 

(Task B's output causes rework in Task A). It cannot represent probabilistic dependencies 



(Task A's duration distribution affects Task B's duration distribution through shared 

resources). It cannot represent learning (Task B is faster because Task A was done first). 

It assumes the future is a deterministic function of the present. 

CPM also assumes that all tasks on the critical path are equally critical. This is false. 

Some tasks have high variability. Some have low variability. A task with low variability 

(concrete curing: 28 days, +/- 1 day) is predictable. A task with high variability (software 

debugging: unknown duration) is unpredictable. Placing high-variability tasks on the 

critical path creates schedule risk. CPM does not distinguish variability levels. The critical 

path is defined by duration, not by risk. 

The practical response is critical chain project management (CCPM), developed by 

Goldratt (1997). CCPM replaces task-level safety time (padding each estimate) with 

project-level buffers. Tasks are estimated at 50% confidence (the time by which the task 

will be completed half the time). The difference between the 50% estimate and the 

traditional 90% estimate is aggregated into a project buffer at the end of the critical 

chain. Tasks are scheduled as late as possible to reduce multi-tasking and student 

syndrome (starting tasks at the last possible moment). Buffers are managed centrally, 

not locally. 

CCPM addresses some of CPM's limitations. It does not address the fundamental 

assumption that the task network is acyclic. Feedback loops still break the model. 

CCPM's empirical track record is mixed. Some organizations report dramatic 

improvements in cycle time and on-time delivery. Others report that the cultural 

changes required (no multi-tasking, early completion reporting without penalty) are 

impossible to sustain under traditional incentive structures. 

3.5 Lean Project Management and the Last Planner System 

Lean project management, adapted from lean manufacturing (Toyota Production 

System), shifts the focus from task completion to workflow efficiency. The core metric is 

throughput—the rate at which work moves from initiation to completion. Waste is 

defined as anything that does not add value to the customer: waiting, rework, 

overproduction, underutilized talent, excessive movement, inventory, defects. Lean aims 

to eliminate waste. 

The Last Planner System (LPS), developed by Ballard (2000), operationalizes lean for 

construction projects. Traditional scheduling is "push": work is released to downstream 

tasks when upstream tasks complete, regardless of downstream capacity. LPS is "pull": 

downstream tasks request work from upstream when they have capacity. The last 



planner (the person who will perform the work, not the scheduler) commits to 

completing specific tasks in the next week. Commitments are tracked. Reasons for 

missed commitments are analyzed. The analysis drives process improvement. 

LPS's theoretical innovation is the distinction between "should" (what the schedule says), 

"can" (what constraints allow), "will" (what the last planner commits to), and "did" (what 

actually happened). The gap between "should" and "can" reveals constraints that the 

scheduler did not anticipate. The gap between "will" and "did" reveals problems in 

commitment-making or execution. Closing these gaps improves reliability. 

LPS works well when the project has these characteristics: repetitive work cycles (e.g., 

floor-by-floor construction), stable supply chains, co-located teams, and a collaborative 

culture. It works poorly when work is non-repetitive, supply chains are unreliable, teams 

are adversarial, or the schedule is driven by external milestones that cannot be 

influenced by the last planner. Under adversarial contracting (fixed-price, liquidated 

damages), the last planner has no incentive to reveal constraints that might trigger 

claims. The contractor's legal department overrides the project manager's lean 

implementation. LPS collapses. 

3.6 The False Dichotomy 

The project management literature often frames waterfall and agile as opposing 

paradigms. The framing is rhetorically useful (agile defined against waterfall) but 

analytically misleading. Waterfall is appropriate when uncertainty is low. Agile is 

appropriate when uncertainty is high. Most real projects have heterogeneous 

uncertainty. Some components are well-understood. Some are novel. Some interfaces 

must be fixed. Some can evolve. The appropriate methodology is hybrid, not pure. 

The false dichotomy also obscures the role of contracts. A fixed-price, fixed-scope 

contract assumes waterfall. The contractor is paid for delivering specified outputs. 

Changes require change orders, renegotiation, and additional payment. The contract 

structures incentives against adaptation. A time-and-materials or target-cost contract 

can accommodate agile. The contractor is paid for effort, not outputs. Changes are 

expected, not penalized. The contract structures incentives for adaptation. 

The choice of methodology is not independent of the choice of contract. Organizations 

that sign fixed-price contracts cannot implement agile, because the contract forbids the 

scope flexibility that agile requires. Organizations that sign cost-plus contracts can 

implement agile, but lose cost control. The paradox of incentives, examined in Section 4, 

has no general solution. 



The next section examines the behavioral and institutional dimensions that contracts 

attempt to govern but cannot fully capture. Agency theory explains why contracts are 

incomplete. Stakeholder salience explains why external actors disrupt planning. Strategic 

misrepresentation explains why forecasts are biased. These behavioral factors are not 

noise around the technical signal. They are the signal. 

 

4. The Behavioral and Institutional Paradox: Agency and 

Power 

Technical methodologies assume rational actors. The project manager estimates 

durations, and the estimates are unbiased. The contractor reports progress, and the 

reports are accurate. Stakeholders articulate requirements, and the requirements are 

stable. These assumptions fail systematically. The failure is not random error. It is 

structured by incentives, information asymmetries, and power asymmetries. This section 

examines the behavioral and institutional mechanisms that produce the pathologies 

documented in Sections 2 and 3. 

4.1 Agency Theory and the Paradox of Incentives 

Agency theory, originating in financial economics (Jensen & Meckling, 1976), analyzes 

relationships where one party (the principal) delegates work to another party (the 

agent). The principal cannot perfectly observe the agent's effort. The agent has private 

information about their effort, capabilities, and the environment. The agent may pursue 

their own interests rather than the principal's. The principal must design contracts and 

monitoring systems to align incentives. 

The project management application is direct. The project owner (principal) contracts 

with a contractor (agent) to deliver a project. The owner cannot observe the contractor's 

effort during execution. The contractor knows more about the actual costs, technical 

challenges, and schedule risks than the owner does. The contractor may prioritize their 

own profit over the owner's value. The contract and the owner's monitoring mechanisms 

are the only tools for alignment. 

Three contract types dominate project procurement, each with distinct incentive 

properties. 



Fixed-price (lump sum) contracts. The contractor agrees to deliver specified outputs 

for a fixed price. Cost overruns are borne by the contractor. Cost underruns accrue to 

the contractor. The incentive is cost minimization. The problem is quality degradation. 

The contractor can reduce costs by using cheaper materials, less skilled labor, or fewer 

quality checks. The owner cannot observe quality directly. The contractor's private 

information about quality creates moral hazard. Fixed-price contracts also transfer risk 

to the contractor, who demands a risk premium. The risk premium may exceed the 

expected value of the cost overruns the contractor would have borne under a different 

contract. 

Cost-plus (cost-reimbursable) contracts. The contractor is reimbursed for allowable 

costs plus a fee (fixed percentage, fixed amount, or incentive-based). Cost risk remains 

with the owner. The contractor has no incentive to minimize costs. The incentive is 

quality maximization (since the contractor is not penalized for higher quality inputs). The 

problem is cost escalation. The contractor can inflate costs through inefficient 

operations, gold-plating, or outright fraud. The owner must audit costs, which is 

expensive and imperfect. 

Target-cost contracts (shared savings/shared risk). The owner and contractor agree 

on a target cost. Actual costs below the target are shared (contractor receives a bonus). 

Actual costs above the target are shared (contractor pays a penalty). The mechanism 

theoretically aligns incentives: the contractor has reason to reduce costs (to receive 

savings) but also reason to avoid cost overruns (to avoid penalties). The problem is 

target setting. If the target is too low (optimistic), the contractor will incur penalties 

regardless of effort. If the target is too high (pessimistic), the contractor will receive 

savings without effort. Target setting requires information that the owner does not have 

(the contractor's true cost structure) and the contractor will not reveal. 

No contract type resolves the paradox. Each contract solves one agency problem (cost 

control, quality assurance, or risk allocation) while creating another. The optimal 

contract depends on the project's characteristics: the measurability of outputs, the 

observability of effort, the availability of benchmarks, and the parties' risk tolerances. 

There is no general solution. 

4.2 Information Asymmetry and Adverse Selection 

Agency problems arise during execution (moral hazard) and before contracting (adverse 

selection). Adverse selection occurs when the agent has private information about their 

capabilities before the contract is signed. A contractor with poor capabilities may claim 

to have strong capabilities. The owner cannot verify claims without expensive due 



diligence. The contractor with strong capabilities may be indistinguishable from the 

contractor with weak capabilities. The owner may offer a contract that averages across 

the distribution of capabilities. The strong contractor finds the average contract 

unattractive and declines to bid. The weak contractor finds it attractive and bids. The 

pool of bidders becomes dominated by weak contractors. The market for contractors 

unravels. 

Project procurement mitigates adverse selection through pre-qualification, references, 

and past performance evaluation. These mechanisms are imperfect. Past performance 

may not predict future performance on novel projects. References may be biased 

(contractors select favorable referees). Pre-qualification criteria may screen on 

credentials (certifications, years in business) rather than actual capability. The cost of due 

diligence is high, and owners may underinvest, accepting adverse selection risk as a cost 

of procurement speed. 

4.3 Stakeholder Salience and Power Dynamics 

Agency theory focuses on the principal-agent dyad. Real projects have multiple 

stakeholders. Mitchell, Agle, and Wood (1997) proposed stakeholder salience theory to 

explain which stakeholders managers attend to and which they ignore. Salience is a 

function of three attributes: power (the stakeholder's ability to impose their will), 

legitimacy (the social acceptability of the stakeholder's claim), and urgency (the time-

sensitivity of the stakeholder's claim). Stakeholders with all three attributes are definitive. 

Managers prioritize definitive stakeholders. Stakeholders with only one or two attributes 

are latent or expectant; managers may ignore them until their salience changes. 

The implications for project management are substantial. A local community may have 

legitimacy (its claims about environmental impact are socially acceptable) but lack 

power (it cannot stop the project). The project manager ignores the community until the 

community acquires power—through a lawsuit, a regulatory intervention, or a media 

campaign. The acquisition of power is often sudden and unpredictable. The project plan 

did not include community engagement because the community was not salient. Now 

the project is delayed, costs have increased, and the manager is responding to a crisis 

that planning assumed would not occur. 

Stakeholder salience is dynamic, not static. A dormant stakeholder (power without 

legitimacy or urgency) can become definitive if urgency emerges. A government 

regulator with formal authority (power) and legal mandate (legitimacy) may lack 

urgency until a safety incident occurs. The incident creates urgency. The regulator 



becomes definitive. The project manager who ignored the regulator during planning 

now faces regulatory scrutiny, rework, and potential shutdown. 

The practical implication is that stakeholder analysis cannot be a one-time planning 

activity. It must be continuous. The project manager must monitor changes in 

stakeholder power, legitimacy, and urgency, and adjust engagement strategies 

accordingly. Standard project management frameworks treat stakeholder analysis as a 

planning phase deliverable. This is a category error. Stakeholder salience is not a static 

input to planning. It is an emergent property of the project's interaction with its 

environment. 

4.4 Strategic Misrepresentation vs. Optimism Bias (Recurring) 

Section 3 introduced the distinction between optimism bias (cognitive) and strategic 

misrepresentation (political). The distinction requires deeper examination because the 

two mechanisms have different implications for governance. 

Optimism bias operates at the level of individual cognition. Planners overestimate their 

own abilities, underestimate task durations, and discount the probability of negative 

events. The bias is unconscious. Planners believe their optimistic forecasts. The 

mechanism is psychological: wishful thinking, illusion of control, planning fallacy 

(Kahneman & Tversky, 1979). Optimism bias responds to reference class forecasting 

(RCF). When planners see that similar projects have consistently overrun, they adjust 

their forecasts. The adjustment is cognitive. It does not require changes in incentives or 

oversight. 

Strategic misrepresentation operates at the level of organizational politics. Planners 

know the true cost and benefit estimates but deliberately present optimistic forecasts to 

secure project approval. The misrepresentation is conscious. Planners do not believe 

their optimistic forecasts. The mechanism is strategic: approval processes reward 

optimistic forecasts and penalize realistic ones. A project sponsor who presents a 

realistic forecast (including expected overruns) will see their project rejected in favor of a 

competitor's optimistic forecast. The sponsor who tells the truth loses. The sponsor who 

lies wins. The game selects for liars. 

Strategic misrepresentation does not respond to RCF. A planner who intends to deceive 

can ignore RCF forecasts just as they ignore their own internal estimates. The remedy is 

not cognitive (show them data). It is structural: independent review, third-party auditing, 

transparency mandates, penalties for knowingly false statements, and institutional 

arrangements that separate forecasting from project advocacy. The UK's Infrastructure 



and Projects Authority (IPA) and the Danish Ministry of Finance's requirement for RCF in 

major projects are examples of structural remedies. They are not universally adopted. 

The failure to distinguish between optimism bias and strategic misrepresentation leads 

to ineffective governance. Organizations apply cognitive remedies (training, data, 

planning tools) to political problems. The training teaches planners to avoid cognitive 

biases. The planners are not biased; they are lying. The training has no effect. The 

organization concludes that planners are incompetent. The planners conclude that 

management is naive. The game continues. 

4.5 Power Asymmetry and Contract Negotiation 

Agency theory assumes that the principal and agent are equally capable of negotiating 

contracts. This assumption fails in project contexts where the owner has limited 

bargaining power. A small owner contracting with a large contractor accepts the 

contractor's standard terms. The terms favor the contractor. The owner does not have 

the legal resources to negotiate modifications. The contractor knows this. The contract is 

not a negotiated agreement. It is a dictated set of terms with cosmetic modifications. 

Power asymmetry also affects dispute resolution. Most project contracts require 

arbitration, not litigation. Arbitration panels are often industry insiders. Industry insiders 

favor contractors. The owner who disputes a contractor's claim faces a biased tribunal. 

The contractor knows this. The threat of arbitration is asymmetric; it disciplines owners, 

not contractors. 

The implication is that contract theory's assumption of bilateral negotiation is 

empirically false for many projects. The contract is not a solution to the agency problem. 

It is a reflection of the underlying power asymmetry. The party with more power writes 

the rules. The party with less power accepts them. 

4.6 Relational Contracting as a Partial Solution 

Relational contracting (Macneil, 1978; Macaulay, 1963) shifts the focus from legal 

enforcement to trust, norms, and long-term relationships. Instead of specifying every 

contingency in a formal contract, the parties agree to principles (fairness, transparency, 

collaboration) and commit to resolving disputes through negotiation rather than 

litigation. The contract is incomplete by design. The parties rely on their ongoing 

relationship to fill the gaps. 



Relational contracting works when the parties have a long-term relationship, when they 

expect to transact again in the future, when the industry is small enough that 

reputational consequences of opportunism are severe, and when both parties are 

committed to the relationship. It fails when the relationship is one-off, when the industry 

is fragmented, when reputational information is not shared, or when one party is not 

committed. 

In project management, relational contracting is most developed in the oil and gas 

industry, where owners and contractors have long-term relationships across multiple 

projects. It is least developed in public sector procurement, where competitive bidding 

rules forbid the kind of long-term, exclusive relationships that relational contracting 

requires. The public sector's commitment to competitive bidding is a commitment to 

arms-length, transactional relationships. That commitment comes at a cost: higher 

transaction costs, more disputes, and less adaptation. 

The next section applies these theoretical frameworks to three canonical cases. The 

Sydney Opera House, the Denver International Airport baggage system, and Crossrail 

(London's Elizabeth Line) are not historical curiosities. They are diagnostic instruments. 

Each case illustrates multiple theoretical failures simultaneously. 

 

5. Deep Dive Case Analysis: Theoretical Application 

The theoretical frameworks developed in Sections 1 through 5 are not abstract 

exercises. They are diagnostic tools. This section applies them to three canonical cases: 

the Sydney Opera House (1957-1973), the Denver International Airport baggage system 

(1989-1994), and Crossrail (London's Elizabeth Line, 2009-2022). Each case is selected 

because it exhibits multiple theoretical failures simultaneously. No case is a pure 

instance of a single failure mode. The interaction of failures is what produces 

catastrophic outcomes. 

5.1 The Sydney Opera House: Unbounded Novelty and the Failure 

of Deterministic Planning 

The Sydney Opera House is the canonical megaproject failure. Original cost 

estimate: 7𝑚𝑖𝑙𝑙𝑖𝑜𝑛(𝐴𝑈𝐷, 1957). 𝐹𝑖𝑛𝑎𝑙𝑐𝑜𝑠𝑡:102 million, a 1,457% overrun. Original 

completion estimate: 1963. Actual completion: 1973, a decade late. The building is 

iconic. The management was catastrophic. The theoretical diagnosis requires 



distinguishing between the output (a masterpiece) and the process (a disaster). By Iron 

Triangle metrics, the project failed. By aesthetic and cultural metrics, it succeeded. This 

divergence is the theoretical entry point. 

Novelty misclassification (Shenhar's NTCP). The project was classified as derivative. 

The client wanted an opera house. The design did not exist. Jørn Utzon's winning entry 

featured shell-shaped roofs that had never been built at that scale. No engineering 

precedent existed. The project was breakthrough in novelty (no existing product), super-

high-tech in technology (structural analysis of the shells required computers that did not 

exist at design inception), complex in complexity (array-level: stage acoustics, shell 

geometry, interior fit-out), and blitz in pace (political pressure to open by a specific 

date). The management approach assumed derivative, low-tech, assembly, regular. The 

mismatch between actual type and assumed type guaranteed failure. 

System dynamics and the rework cycle. The shells' geometry could not be resolved 

using existing engineering methods. Utzon and the engineering team (Ove Arup & 

Partners) iterated through thousands of design alternatives. Each iteration required 

rework of previous calculations. Structural analysis informed architectural design; 

architectural changes required new structural analysis. The feedback loop was tight and 

rapid. The project plan assumed linear progression from design to engineering to 

construction. The actual dynamics were oscillatory. The plan was not inaccurate. It was 

ontologically wrong. 

Strategic misrepresentation (Flyvbjerg). The 

original 

7𝑚𝑖𝑙𝑙𝑖𝑜𝑛𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑤𝑎𝑠𝑛𝑜𝑡𝑎𝑔𝑒𝑛𝑢𝑖𝑛𝑒𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡. 𝐼𝑡𝑤𝑎𝑠𝑎𝑝𝑜𝑙𝑖𝑡𝑖𝑐𝑎𝑙𝑛𝑢𝑚𝑏𝑒𝑟𝑑𝑒𝑠𝑖𝑔𝑛𝑒𝑑𝑡𝑜𝑠𝑒𝑐𝑢𝑟𝑒𝑙𝑒𝑔𝑖𝑠𝑙𝑎𝑡𝑖𝑣𝑒𝑎𝑝𝑝𝑟𝑜𝑣𝑎𝑙. 𝑇ℎ𝑒𝑁𝑒𝑤𝑆𝑜𝑢𝑡ℎ𝑊𝑎𝑙𝑒𝑠𝑔𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡𝑘𝑛𝑒𝑤𝑡ℎ𝑒𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑤𝑎𝑠𝑜𝑝𝑡𝑖𝑚𝑖𝑠𝑡𝑖𝑐. 𝑇ℎ𝑒𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑘𝑛𝑒𝑤𝑖𝑡𝑤𝑎𝑠𝑜𝑝𝑡𝑖𝑚𝑖𝑠𝑡𝑖𝑐. 𝑇ℎ𝑒𝑝𝑟𝑒𝑠𝑠𝑘𝑛𝑒𝑤𝑖𝑡𝑤𝑎𝑠𝑜𝑝𝑡𝑖𝑚𝑖𝑠𝑡𝑖𝑐. 𝑁𝑜𝑜𝑛𝑒𝑠𝑎𝑖𝑑𝑠𝑜𝑝𝑢𝑏𝑙𝑖𝑐𝑙𝑦𝑏𝑒𝑐𝑎𝑢𝑠𝑒𝑠𝑎𝑦𝑖𝑛𝑔𝑠𝑜𝑤𝑜𝑢𝑙𝑑𝑘𝑖𝑙𝑙𝑡ℎ𝑒𝑝𝑟𝑜𝑗𝑒𝑐𝑡. 𝑇ℎ𝑒𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑤𝑎𝑠𝑎𝑟𝑖𝑡𝑢𝑎𝑙, 𝑛𝑜𝑡𝑎𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛. 𝑇ℎ𝑒𝑒𝑣𝑒𝑛𝑡𝑢𝑎𝑙

102 million cost was not a surprise. It was the truth that everyone had concealed. 

Stakeholder salience shifts. The project had multiple principals: the government 

(funding), the Opera House Trust (governance), the architect (design authority), and the 

engineering firm (technical authority). Salience shifted as the project progressed. The 

architect was definitive during design. As costs escalated, the government's power 

increased and the architect's legitimacy decreased. Utzon resigned in 1966. The interior 

was completed by a different architect (Peter Hall). The shift in stakeholder salience was 

not planned. The project had no mechanism for managing it. 

Theoretical synthesis. The Sydney Opera House is a case of applying deterministic 

planning tools to a system characterized by novelty, uncertainty, and feedback. The 

tools (critical path method, earned value) assumed a world that did not exist. The project 

succeeded despite the management, not because of it. The lesson is not that planning is 

useless. The lesson is that planning must be matched to the project's uncertainty profile. 



Breakthrough, super-high-tech, array, blitz projects cannot be managed with derivative, 

low-tech, assembly, regular tools. 

5.2 The Denver International Airport Baggage System: 

Interdependence and Propagation 

The Denver International Airport (DIA) opened in 1995, 16 months late, with a partially 

functional automated baggage system that was eventually abandoned. The system, 

designed by BAE Automated Systems, was intended to route baggage from check-in to 

aircraft using a network of 4,000 independent carts traveling on 21 miles of track, 

controlled by 100 computers, covering 1,000 destinations. The system never worked 

reliably. The theoretical diagnosis focuses on interdependence, propagation, and the 

failure of modular decomposition. 

Complexity misclassification (Shenhar's NTCP). The baggage system was not 

complex in the sense of many parts. It was complex in the sense of many interacting 

parts. A change in software logic affected hardware routing. A hardware failure (a cart 

stuck on a track) propagated through the network, causing congestion. Congestion 

triggered software decisions that rerouted carts, creating new congestion elsewhere. 

The system exhibited emergent behavior that could not be predicted from the behavior 

of its components. The project plan assumed that components could be developed 

independently and integrated at the end. Integration is where the failure occurred. 

System dynamics and the propagation loop (Cooper, 1993). The baggage system 

exhibited the undiscovered rework cycle. Software errors were not detected until 

hardware integration. Hardware errors were not detected until system testing. System 

testing failures required rework of both software and hardware. The rework consumed 

capacity that had been allocated to new work. The schedule slipped. Pressure increased. 

Quality degraded. The loop was self-reinforcing. The project plan had no representation 

of this loop. 

Waterfall in an agile domain. The baggage system was developed using waterfall: 

requirements specification, design, implementation, testing, deployment. Requirements 

were not knowable ex ante because no one had built a system of this scale and 

complexity. Requirements changed as the team learned what was possible. The waterfall 

process prevented incorporating learning because requirements were frozen. The 

project needed agile (iterative development, continuous integration, frequent testing). 

The contract required waterfall. The mismatch was structural. 



Principal-agent failure (Turner & Müller). The City and County of Denver (principal) 

contracted with BAE (agent). The contract was fixed-price. BAE bore cost risk for 

overruns. BAE's incentive was to minimize costs. Quality degradation was the predictable 

response. BAE delivered a system that met the specification (carts moved, software 

executed) but did not meet the operational requirement (reliable, maintainable). The 

specification did not capture operational reliability because operational reliability could 

not be specified ex ante. The contract incentivized compliance with an incomplete 

specification. 

Reference class forecasting ignored. Baggage system projects had a track record of 

failure. No fully automated baggage system of this scale had succeeded. The reference 

class forecast was clear: this project would fail. The forecast was ignored. The project's 

advocates argued that DIA was different (new technology, committed team, adequate 

budget). The argument for difference is the mechanism of optimism bias. The project 

was not different. The reference class was correct. 

Theoretical synthesis. DIA is a case of applying modular decomposition (break the 

system into independent components, develop them separately, integrate at the end) to 

a system that was not modular. The components were tightly coupled. Integration 

revealed coupling that decomposition had hidden. The project needed a different 

architecture (modular by design) or a different development process (continuous 

integration). It had neither. The failure was not execution. It was architecture. 

5.3 Crossrail (London Elizabeth Line): Multi-Principal Governance 

and Stakeholder Salience 

Crossrail, renamed the Elizabeth Line upon opening, is a 118-kilometer rail line through 

London, with 41 stations, connecting Reading and Heathrow in the west to Shenfield 

and Abbey Wood in the east. Originally budgeted at £14.8 billion (2010), the final cost 

was approximately £18.9 billion (2020), a 28% overrun. Originally scheduled to open in 

2018, the central section opened in 2022. Unlike Sydney and Denver, Crossrail is 

considered a relative success (the overrun is modest by megaproject standards). The 

theoretical interest is in the governance mechanisms that prevented a larger failure. 

Multi-principal governance. Crossrail had multiple principals: the UK government 

(Department for Transport, HM Treasury), the Mayor of London (Transport for London, 

TfL), and the private sector (Network Rail, which owned the existing infrastructure). Each 

principal had different objectives, different approval processes, and different time 

horizons. The government wanted cost control. TfL wanted service frequency. Network 

Rail wanted compatibility with existing operations. Coordination among principals 



required negotiation, compromise, and side payments. The governance structure 

formalized these negotiations through a joint sponsor board. The board had no 

precedent. It was invented for Crossrail. 

Stakeholder salience shifts (Mitchell, Agle & Wood). Local communities were initially 

low salience (legitimacy without power or urgency). As construction began, noise, traffic 

disruption, and property damage created urgency. Communities acquired power 

through local councils and media campaigns. Salience increased. The project responded 

with community liaison panels, compensation schemes, and design modifications. The 

response was reactive, not proactive. The project plan had not anticipated the salience 

shift because the plan treated stakeholder analysis as a one-time activity. 

Strategic misrepresentation mitigation. The UK's Infrastructure and Projects Authority 

(IPA) required reference class forecasting for major projects. Crossrail's budget included 

optimism bias adjustments. The adjustments were not large enough (the final overrun 

was 28%, which is within the reference class distribution for rail projects), but the 

mechanism was present. The project also required an independent reviewer (the 

"Crossrail 12" process), who reported directly to the sponsor board, not to the delivery 

team. The reviewer had no incentive to conceal problems. The review mechanism 

detected issues early. Early detection allowed corrective action before issues became 

crises. 

Relational contracting (Macneil, 1978). Crossrail used a hybrid contract model: target-

cost contracts for major works, with shared savings/shared risk mechanisms. Contractors 

had incentives to control costs (to receive bonuses) and to avoid cost overruns (to avoid 

penalties). The contracts also included relational elements: regular collaborative 

workshops, dispute resolution boards (not arbitration), and transparency requirements. 

The relational elements were not legally enforceable. They operated through trust and 

reputational consequences. The contracts assumed that the parties would have a long-

term relationship beyond Crossrail. That assumption was correct; the same contractors 

bid on other UK rail projects. The shadow of the future disciplined opportunistic 

behavior. 

Theoretical synthesis. Crossrail succeeded (relative to Sydney and Denver) because its 

governance structure matched its complexity. Multi-principal coordination was 

formalized, not improvised. Stakeholder salience was monitored continuously, not 

assessed once. Strategic misrepresentation was mitigated through independent review, 

not assumed away. Relational contracting supplemented formal contracts. The 

mechanisms were not perfect. The project still overran. But the overrun was modest 

compared to the reference class. The governance structure worked. 



5.4 Comparative Theoretical Diagnosis 

The three cases differ along several theoretical dimensions. 

Novelty (Shenhar). Sydney was breakthrough; Denver was high-tech (automated 

baggage existed, but not at that scale); Crossrail was derivative (rail lines are mature 

technology). The degree of novelty correlates with overrun magnitude. Sydney (1,457% 

overrun) is an outlier. Denver (unknown, but system was abandoned) is a failure. 

Crossrail (28% overrun) is within reference class expectations. The correlation is not 

causal (other factors differ), but it is consistent with NTCP predictions. 

System dynamics. Sydney exhibited design-engineering feedback loops. Denver 

exhibited software-hardware integration loops. Crossrail exhibited stakeholder-political 

feedback loops. All three projects had feedback loops. None of the project plans 

represented them. The difference is that Crossrail's governance structure adapted to 

feedback loops in real time. Sydney's and Denver's structures did not. 

Agency and contracts. Sydney used traditional procurement (design-bid-build) with 

fixed-price contracts for construction. The design was incomplete at contracting. The 

contractor bore risk that could not be estimated. Denver used fixed-price for system 

integration. The specification was incomplete. The contractor bore risk that could not be 

controlled. Crossrail used target-cost with relational elements. Risk was shared. The 

contractor had reason to reveal problems (to negotiate cost adjustments) rather than 

conceal them (to preserve margin). 

Stakeholder management. Sydney and Denver treated stakeholders as exogenous 

constraints. The project team informed stakeholders of decisions already made. Crossrail 

treated stakeholders as participants. The project team consulted stakeholders before 

decisions were made. The difference is not cosmetic. It is structural. Stakeholder 

participation creates transaction costs (more meetings, more negotiations). It also 

reduces risk (fewer surprises, less opposition, faster approvals). Crossrail internalized the 

trade-off. Sydney and Denver did not. 

The next section examines future paradigms. AI-driven predictive analytics, ESG 

integration, and agile at scale are not merely incremental improvements to existing 

methods. They are responses to the limitations documented in Sections 1 through 5. 

Whether they succeed depends on whether they learn from the cases examined in this 

section. 

 

 



6. Future Paradigms: AI, Analytics, ESG, and Agile at Scale 

The frameworks examined in Sections 1 through 5 are retrospective. They explain past 

failures. They do not predict future successes. This section examines emerging 

paradigms that claim to address the limitations documented in earlier sections. AI-

driven predictive project analytics promises to replace subjective estimation with 

machine learning. ESG integration promises to embed environmental, social, and 

governance values into project lifecycles. Agile at scale promises to export software 

development's adaptive logic to physical production and large organizations. Each 

paradigm has theoretical promise. Each also has boundary conditions and failure modes 

that its advocates often ignore. 

6.1 AI-Driven Predictive Project Analytics (PPA) 

Predictive project analytics (PPA) uses machine learning to forecast project outcomes 

based on historical data. The logic is analogous to reference class forecasting (RCF) but 

extended. RCF uses a single variable (project type) to select a reference class. PPA uses 

hundreds of variables: project characteristics (size, novelty, complexity), organizational 

characteristics (owner capability, contractor track record), environmental characteristics 

(regulatory regime, labor market conditions). The machine learning algorithm identifies 

which variables predict outcomes and weights them accordingly. 

The theoretical promise is compelling. Human estimators suffer from optimism bias and 

strategic misrepresentation. Machine learning algorithms do not. Human estimators 

anchor on recent experience. Algorithms average across thousands of past projects. 

Human estimators are inconsistent (the same project estimated twice produces different 

numbers). Algorithms are deterministic given the same inputs. PPA could, in theory, 

produce forecasts that are more accurate, more consistent, and less biased than human 

estimates. 

Three problems limit PPA's effectiveness in practice. 

The data problem. Machine learning requires large, clean, labeled datasets. Project 

data are neither large nor clean nor labeled. The number of megaprojects is small 

(hundreds, not millions). The data that exist are inconsistent (different organizations 

measure different variables). The labels are contested (what counts as "success"?). A 

model trained on a few hundred cases will overfit: it will learn noise, not signal. PPA 

advocates acknowledge the data problem but rarely specify a solution. 



The non-stationarity problem. Machine learning assumes the future resembles the 

past. Project environments change. Construction technology evolves. Regulatory 

regimes shift. Stakeholder expectations fluctuate. A model trained on projects from 

1990-2010 may perform poorly on projects from 2025-2040. The non-stationarity 

problem is not unique to PPA; all forecasting methods face it. But PPA's proponents 

often imply that more data solves the problem. It does not. The problem is not sample 

size. It is sample relevance. 

The black box problem. Machine learning models, particularly deep neural networks, 

produce predictions without explanations. The model forecasts a 70% probability of cost 

overrun. Why? The model cannot say. The project manager cannot evaluate the model's 

reasoning. The auditor cannot verify the model's assumptions. The black box problem 

creates governance challenges. If a model's forecast is wrong, who is liable? The 

organization that deployed the model? The vendor that trained it? The project manager 

who relied on it? No legal framework currently answers these questions. 

Despite these limitations, PPA is likely to improve on unaided human judgment for well-

defined prediction tasks with large, stationary datasets. Project duration forecasting 

(how long will a routine construction task take?) is such a task. Project outcome 

forecasting (will this megaproject succeed?) is not. PPA's advocates often conflate the 

two. The distinction matters for governance. 

6.2 ESG Integration in the Project Lifecycle 

Environmental, social, and governance (ESG) criteria are increasingly mandated for major 

projects. Lenders require ESG compliance. Regulators require ESG disclosure. 

Stakeholders demand ESG performance. The shift is from "do no harm" (compliance) to 

"net positive" (value creation). A project that minimizes environmental damage is no 

longer sufficient. It must restore ecosystems. A project that avoids displacing 

communities is no longer sufficient. It must improve community well-being. 

The theoretical conflict with traditional project management is stark. The Iron Triangle 

(cost, time, scope) assumes that environmental and social impacts are externalities—

costs borne by parties not represented in the project governance. ESG integration 

internalizes those externalities. The project must now account for carbon emissions, 

biodiversity loss, community displacement, and labor conditions as internal costs. The 

Iron Triangle expands to include ESG performance as a fourth constraint, or fifth, or 

sixth. The geometry becomes unstable. 



The cost-time-ESG trade-off. An ESG constraint (e.g., no construction during migratory 

bird season) directly increases project duration. A longer duration increases cost. The 

trade-off is explicit. Traditional project management treats schedule constraints as given 

by the client. ESG constraints are given by regulators or stakeholders. The project 

manager cannot trade off ESG compliance against schedule performance. The client 

cannot waive the constraint. The trade-off is not a trade-off. It is an additional fixed 

requirement. 

The measurement problem. Cost, time, and scope are measurable in standardized 

units (currency, calendar days, specifications). ESG performance is not. Carbon emissions 

can be measured (tons of CO2 equivalent). Biodiversity loss cannot be reduced to a 

single metric. Community well-being cannot be quantified without contestation. 

Governance quality cannot be audited without interpretation. The lack of standardized 

ESG metrics creates measurement risk. The project may claim ESG success based on 

metrics that stakeholders reject. 

The reference class problem. Reference class forecasting for ESG outcomes is 

impossible because ESG outcomes have no historical reference class. Past projects did 

not measure ESG performance systematically. Even where data exist, the definition of 

ESG has changed. A project completed in 2010 cannot be compared to a project 

planned for 2030 on ESG metrics because the metrics did not exist in 2010. PPA cannot 

forecast ESG outcomes because there are no data to train the models. 

Despite these problems, ESG integration is not optional. Lenders, insurers, and 

regulators will require it. Project managers must develop new capabilities: stakeholder 

engagement (to define ESG metrics), systems thinking (to model trade-offs), and 

adaptive governance (to respond to changing ESG requirements). The frameworks from 

Sections 1 through 5—contingency theory, system dynamics, stakeholder salience—are 

directly applicable. The Iron Triangle is not. 

6.3 Agile at Scale (SAFe, LeSS, and the Industrial Complex) 

Agile methodologies originated in software development for small, co-located teams. 

The scaling problem is: how to apply agile to large projects with multiple teams, 

distributed locations, and complex dependencies. The Scaled Agile Framework (SAFe) 

and Large-Scale Scrum (LeSS) are the dominant responses. Both add layers of 

coordination (program increments, release trains, integration teams) above the basic 

Scrum team. 



The theoretical tension is between agility (adaptation, iteration, emergent requirements) 

and scale (coordination, planning, fixed interfaces). The tension is not resolvable. It is a 

trade-off. More agility requires less scale. More scale requires less agility. Frameworks 

that claim both are selling a compromise, not a solution. 

The performative agility problem. Organizations adopt SAFe or LeSS because they 

want to be "agile." They implement the ceremonies (daily stand-ups, sprint reviews, 

retrospectives). They do not implement the underlying values (customer collaboration, 

responding to change). The contracts remain fixed-price, fixed-scope. The governance 

remains waterfall. The ceremonies become performative—activities that signal agility 

without delivering its benefits. The organization is "agile in name only." The Agile 

Industrial Complex (consultants, trainers, certification bodies) profits from this 

performativity. The organization does not. 

The interface problem. Agile teams need stable interfaces to coordinate. A change in 

one team's output affects dependent teams. The response is to freeze interfaces. But 

freezing interfaces precludes the adaptation that agile promises. The teams can adapt 

within their module but cannot change the module's boundaries. The product 

architecture becomes frozen. The teams are agile inside rigid boxes. The boxes are 

where the value lies. 

The contract problem. Agile requires flexible scope. Fixed-price contracts forbid 

flexible scope. Organizations that sign fixed-price contracts cannot implement agile. The 

contract is the binding constraint. Organizations that implement agile must use different 

contracts (time-and-materials, target-cost, or relational). Those contracts create different 

agency problems (cost escalation, moral hazard). The choice of methodology is not 

independent of the choice of contract. The frameworks treat them as independent. This 

is an error. 

Despite these problems, agile at scale is feasible under specific conditions: modular 

product architecture, stable interfaces, collaborative contracts, and a culture that 

tolerates iteration. The conditions are rare. Most organizations that adopt SAFe or LeSS 

do not meet them. The frameworks are not wrong. They are mismatched to their 

application context. 

6.4 The Limits of Prediction 

All future paradigms share a common assumption: better prediction leads to better 

outcomes. PPA predicts outcomes from historical data. ESG frameworks predict 



stakeholder responses to project impacts. Agile predicts that iteration reduces 

uncertainty faster than planning. The assumption is questionable. 

Prediction is valuable when the environment is stationary (the future resembles the past) 

and when the prediction does not change the predicted outcome. Neither condition 

holds for projects. The environment is non-stationary (technology, regulation, and 

stakeholder expectations change). The prediction changes the outcome (a forecast of 

cost overrun triggers corrective action that prevents the overrun). The feedback loop 

between prediction and outcome violates the assumptions of statistical forecasting. 

The alternative is not prediction but resilience. A resilient project can absorb shocks 

without catastrophic failure. It has slack (buffers of time, cost, and capacity). It has 

redundancy (multiple paths to achieve the same outcome). It has modularity (failures are 

contained, not propagated). Resilience does not require accurate forecasts. It requires 

capacity to respond to unexpected events. The resilience paradigm is less glamorous 

than AI, ESG, or agile. It is also more robust. 

6.5 The Unresolved Tension 

The future paradigms examined in this section share an unresolved tension with the 

frameworks examined in earlier sections. The tension is between the logic of planning 

(specify, predict, control) and the logic of adaptation (monitor, respond, learn). Planning 

works when uncertainty is low. Adaptation works when uncertainty is high. Most real 

projects have heterogeneous uncertainty. Some components are predictable. Some are 

not. The frameworks provide no general solution to the problem of mixed uncertainty. 

The project manager must improvise. 

The improvisation is not a failure of theory. It is a boundary condition of theory. No 

framework can specify ex ante how to manage a project whose uncertainty profile is 

unknown and changes over time. The frameworks are tools, not blueprints. The skill of 

the project manager is knowing which tool to apply when. The frameworks cannot 

substitute for that skill. They can only inform it. 

The next section synthesizes the argument, identifies collective limitations of the 

frameworks examined, and proposes a research agenda for the profession. 

 

 

 



7. Conclusion and Research Frontiers 

7.1 Synthesis of the Argument 

This report has traversed from ontology to methodology to behavior to futurology. The 

thread connecting these domains is the failure of deterministic planning under 

conditions of uncertainty, complexity, and political contestation. The Iron Triangle (cost, 

time, scope) provides necessary but insufficient conditions for success. It captures 

internal efficiency. It does not capture strategic value, stakeholder legitimacy, or 

systemic resilience. 

Shenhar's NTCP framework offers a contingency alternative. Projects differ in novelty, 

technology, complexity, and pace. A breakthrough, super-high-tech, array, blitz project 

cannot be managed with the tools appropriate for a derivative, low-tech, assembly, 

regular project. The error is not using the wrong tool. The error is assuming one tool fits 

all. Contingency theory is not a solution. It is a diagnostic framework for recognizing 

that solutions are contingent. 

System dynamics reveals that projects fail not through single catastrophic events but 

through the propagation of small errors through interdependent task networks. The 

rework cycle—undiscovered errors, schedule pressure, quality degradation, staffing 

oscillations—generates emergent behavior that linear planning models cannot 

represent. The 90% syndrome is not a measurement error. It is a symptom of feedback 

loops that the plan ignores. 

Reference class forecasting (RCF) mitigates optimism bias but not strategic 

misrepresentation. The distinction is critical. Optimism bias responds to cognitive 

remedies (data, training, benchmarking). Strategic misrepresentation responds to 

structural remedies (independent review, transparency mandates, penalties for 

deception). Organizations that apply cognitive remedies to political problems will fail. 

The failure is not the remedy. It is the diagnosis. 

The waterfall-agile dichotomy is false. Waterfall is appropriate when uncertainty is low. 

Agile is appropriate when uncertainty is high. Most real projects have heterogeneous 

uncertainty. Hybrid models (Water-Scrum-Fall) freeze what must be fixed and iterate on 

what can vary. The challenge is managing the interface between the frozen and iterative 

layers. Hybrid models do not resolve the trade-off. They make it visible. 

Agency theory explains why contracts fail. Fixed-price contracts transfer cost risk but 

create quality degradation. Cost-plus contracts preserve quality but eliminate cost 



control. Target-cost contracts share risk but require accurate targets. No contract type 

resolves the paradox. Relational contracting (trust, norms, long-term relationships) 

supplements formal contracts but requires conditions (repeated interaction, shared 

reputation, collaborative culture) that many projects lack. 

The three cases—Sydney Opera House, Denver International Airport, Crossrail—exhibit 

different combinations of these theoretical failures. Sydney suffered from novelty 

misclassification and strategic misrepresentation. Denver suffered from complexity 

misclassification and waterfall-agile mismatch. Crossrail succeeded (relatively) because 

its governance structure matched its complexity: multi-principal coordination, 

continuous stakeholder monitoring, independent review, and relational contracting. 

Future paradigms—AI-driven predictive analytics, ESG integration, agile at scale—

promise to address these failures. Each faces boundary conditions that its advocates 

often ignore. PPA requires large, clean, stationary datasets that do not exist for 

megaprojects. ESG integration faces measurement and reference class problems that 

have no current solution. Agile at scale faces the irreducible trade-off between 

adaptation and coordination. The paradigms are not wrong. They are incomplete. 

7.2 Collective Limitations of the Frameworks 

The frameworks examined in this report share several limitations. 

The retrospective bias. The frameworks were developed to explain past failures. They 

have been tested on cases selected because they failed. The testing is circular. A 

framework that explains the Sydney Opera House may not predict the next megaproject 

failure because the next failure will have different causes. Prospective validation—testing 

frameworks on projects before they complete—is rare. The few prospective studies (e.g., 

Flyvbjerg's work on reference class forecasting) show modest predictive improvement, 

not dramatic breakthroughs. 

The case selection problem. The literature focuses on megaproject failures because 

failures are visible and documented. Routine project successes are invisible. The base 

rate is unknown. A framework that explains 100% of failures may be explaining 10% of 

projects. The other 90% (successful routine projects) would not be explained by the 

framework, but they would not contradict it either. The asymmetry creates a false sense 

of theoretical completeness. 

The agency bias. The frameworks assume that project failure results from identifiable 

causes that can be remedied through better management, contracts, or governance. 

This assumption is optimistic. Some project failures result from irreducible uncertainty. 



No amount of planning could have prevented the COVID-19 pandemic's impact on 

supply chains. No contract could have allocated the risk of a Black Swan event that no 

one foresaw. The frameworks' implicit rejection of irreducible uncertainty is a theoretical 

commitment, not an empirical finding. 

The normative bias. The frameworks are prescriptive: if you do X, you will achieve Y. 

The prescriptions are rarely tested. The literature contains many recommendations (use 

RCF, implement relational contracting, adopt hybrid methods) and few randomized 

controlled trials or natural experiments. The evidence base for project management 

recommendations is weak compared to medicine or economics. Practitioners must rely 

on expert judgment, not empirical evidence. 

7.3 A Research Agenda for the Profession 

The limitations identified above suggest specific research priorities. 

Prospective validation of forecasting methods. Researchers should pre-register 

forecasts for upcoming megaprojects, collect outcome data, and compare forecast 

accuracy across methods (RCF, PPA, expert judgment). The comparison should be blind 

(forecasters do not know which method will be evaluated) and adversarial (different 

teams using different methods forecast the same projects). The studies would be 

expensive and time-consuming. They are also necessary. The current evidence base is 

insufficient. 

Natural experiments in contract design. Researchers should identify settings where 

contract types vary exogenously (e.g., policy changes, procurement reforms) and 

compare outcomes across contract types. The comparison should control for project 

characteristics (size, novelty, complexity) and organizational characteristics (owner 

capability, contractor track record). The studies would require access to proprietary data. 

They are feasible with industry collaboration. 

Longitudinal studies of project capabilities. Do organizations learn from project 

experience? The evidence is mixed. Some studies show learning; others show stable 

error rates over decades. Longitudinal studies tracking the same organizations across 

multiple projects could resolve the ambiguity. The studies would require consistent 

measurement of project outcomes and organizational practices over time. They are 

feasible but rare. 

Behavioral interventions for optimism bias. Randomized controlled trials should test 

interventions designed to reduce optimism bias: structured debiasing, incentive 

realignment, accountability mechanisms. The trials should measure both immediate 



effects (forecast accuracy) and persistent effects (learning across projects). The trials 

could be embedded in existing project approval processes. 

Stakeholder salience dynamics. Researchers should develop and test dynamic 

stakeholder salience models. The models should predict which stakeholders will become 

salient when, under what conditions. The models should be tested on historical cases 

(retrospective) and on ongoing projects (prospective). The research would require 

collaboration between project management scholars and organizational sociologists. 

The economics of resilience. Researchers should quantify the costs and benefits of 

resilience: buffers, redundancy, modularity. The costs are direct (extra time, extra 

materials, extra capacity). The benefits are contingent (reduced impact of shocks that 

may not occur). Quantifying resilience requires modeling the distribution of shocks and 

the project's response to them. The modeling is complex. It is also necessary for rational 

investment in resilience. 

The ethics of AI in project management. As PPA systems become more capable, 

questions of accountability arise. Who is liable when an AI forecast is wrong? The 

organization that deployed the AI? The vendor that trained it? The project manager who 

relied on it? Legal scholars, computer scientists, and project management researchers 

should collaborate on frameworks for AI accountability. The frameworks should 

anticipate problems before they occur, not respond after failures. 

7.4 Final Reflection 

The project management profession faces a paradox. The tools have improved. The 

outcomes have not. The Iron Triangle persists as the dominant success metric despite its 

well-documented limitations. Reference class forecasting is not widely adopted despite 

its empirical support. Agile methods are celebrated for software but rarely applied to 

physical production. The gap between what is known (the academic literature) and what 

is done (industry practice) remains wide. 

The gap is not primarily cognitive. It is institutional. Approval processes reward 

optimistic forecasts; honest forecasts are penalized. Contracts assume predictability; 

adaptability is contracted out. Performance metrics measure outputs; outcomes are not 

tracked. The problem is not that project managers lack knowledge. The problem is that 

the systems within which they work reward behavior that produces failure. 

The frameworks examined in this report are resources for changing those systems. 

Contingency theory provides a vocabulary for matching governance to project type. 

System dynamics provides a model of feedback loops that linear planning ignores. 



Agency theory provides an analysis of incentive structures. Stakeholder salience theory 

provides a map of power and legitimacy. The cases provide historical evidence of what 

happens when these dynamics are ignored. The future paradigms provide hypotheses 

for improvement. 

Whether the profession uses these resources depends on whether project owners, 

contractors, regulators, and educators choose to adopt them. The choice is not 

technical. It is political. The same political dynamics that produce strategic 

misrepresentation in project forecasting also produce resistance to governance reform. 

The project manager who recommends reference class forecasting may be penalized for 

pessimism. The owner who insists on relational contracting may be accused of 

favoritism. The regulator who mandates transparency may face industry opposition. 

The paradox is not resolvable at the level of technique. It is resolvable only at the level 

of institutional design. The frameworks examined in this report are necessary for that 

design. They are not sufficient. The sufficiency condition is political will. Whether that 

will exists is a question this report cannot answer. 
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