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ABSTRACT 

Project controls represent one of the most consequential yet undertheorised functions in contemporary 

project management. While practitioners have long recognised cost and schedule controls as operationally 

essential, the academic literature has been slower to formalise their role as strategic governance 

instruments rather than merely administrative tools. This paper addresses that gap by examining how 

structured project controls — encompassing cost management, schedule governance, earned value 

management, change control, and risk integration — drive delivery excellence across complex, multi-

billion-dollar infrastructure programmes. Drawing on practitioner experience across landmark 

programmes in the Kingdom of Saudi Arabia, including the King Abdullah Financial District (KAFD), 

Resort, and the nationwide Aramco Fuel Station Programme, the paper develops a practitioner-informed 

theoretical framework that positions project controls not as a support function but as the central nervous 

system of project delivery. The study proposes the Integrated Project Controls Maturity Model (IPCMM) 

as a structured progression pathway for organisations seeking to elevate their controls capability from 

reactive data collection to predictive governance. Findings suggest that organisations operating at higher 

controls maturity demonstrate measurably superior outcomes in cost predictability, schedule adherence, 

and stakeholder confidence. The paper contributes to both project management scholarship and practice 

by articulating the mechanisms through which project controls create sustained organisational value. 
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1. INTRODUCTION 

The delivery of major infrastructure and development programmes has grown markedly more complex 

over the past two decades. Expanded project scopes, longer delivery timelines, multi-stakeholder 

governance structures, and volatile economic conditions have all combined to make predictable delivery 

an increasingly difficult challenge. In this environment, project controls — the discipline concerned with 

measuring, monitoring, and managing the performance of projects against an established baseline — have 

emerged as a critical determinant of delivery success or failure. 
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Despite their practical importance, project controls remain a somewhat fragmented concept in the 

academic literature. Many studies treat cost control and schedule management as distinct specialisms, and 

the integrative function of project controls as a unified governance discipline has received insufficient 

theoretical attention. This paper argues that project controls must be understood holistically: as an 

integrated system in which cost management, schedule governance, change control, risk management, and 

performance reporting are not parallel activities but deeply interdependent functions that together 

constitute the governance backbone of any major programme. 

The motivation for this paper is twofold. First, there is a practical urgency. Globally, large infrastructure 

programmes continue to experience cost overruns and schedule delays at troubling rates. Studies by the 

Bent Flyvbjerg research group at Oxford have consistently documented that nine out of ten major projects 

exceed their original cost estimates (Flyvbjerg et al., 2003; Flyvbjerg, 2014). While the causes are multi-

factorial, inadequate project controls is regularly identified among the primary contributors. Second, there 

is a scholarly gap. The academic literature on project controls maturity, and on the specific mechanisms 

through which controls capability translates into project performance, remains underdeveloped relative to 

broader project management literature. 

This paper makes three principal contributions. It develops a conceptual framework that positions project 

controls as an integrated governance discipline. It proposes the Integrated Project Controls Maturity Model 

(IPCMM) as a practical instrument for assessing and developing controls capability. And it draws on 

practitioner observations from major programmes in the Kingdom of Saudi Arabia to ground theoretical 

propositions in real-world delivery experience. 

The remainder of the paper is structured as follows. Section 2 reviews the relevant literature. Section 3 

develops the theoretical framework. Section 4 presents the IPCMM. Section 5 discusses findings and 

practical implications. Section 6 concludes and identifies directions for future research. 

 

2. LITERATURE REVIEW 

2.1 The Evolution of Project Controls as a Discipline 

The concept of project controls has its intellectual roots in the industrial management traditions of the 

early twentieth century, where Gantt charts and basic cost tracking formed the foundation of programme 

oversight. The formalisation of project controls as a discipline accelerated significantly in the 1960s with 

the introduction of the Programme Evaluation and Review Technique (PERT) and the Critical Path 

Method (CPM), both of which emerged from the United States defence and aerospace sectors (Kelley and 

Walker, 1959; Malcolm et al., 1959). These methodological innovations provided the technical 

infrastructure for integrated time and resource management that would come to define project controls 

practice. 

The subsequent development of Earned Value Management (EVM) through the Cost/Schedule Control 

Systems Criteria (C/SCSC) in the late 1960s marked a defining moment in project controls history. EVM 

provided, for the first time, a unified framework for assessing both cost and schedule performance against 

a common baseline — the Performance Measurement Baseline (PMB) — and for generating objective 

performance indices such as the Cost Performance Index (CPI) and Schedule Performance Index (SPI) 

(Fleming and Koppelman, 2010). The adoption of EVM across the US federal government and 

subsequently in the private sector established cost-schedule integration as the intellectual centrepiece of 

the discipline. 
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2.2 Cost Management in Complex Programmes 

Cost management in major programmes encompasses far more than the preparation of budgets and the 

recording of expenditure. It involves the progressive development of cost estimates across project phases, 

from order-of-magnitude estimates at inception through definitive estimates at contract award; the 

maintenance of cost baselines against which actual expenditure is monitored; the forecasting of cost-at-

completion through Estimate at Completion (EAC) methodologies; and the management of cost risk 

through contingency planning and drawdown analysis (PMI, 2021; Meredith and Mantel, 2019). 

The literature distinguishes between several EAC formulae, each carrying different assumptions about 

future performance. The formulae EAC = AC + (BAC – EV)/CPI and EAC = AC + (BAC – EV) reflect 

contrasting assumptions about whether historical cost efficiency will persist (Christensen, 1998). Research 

has consistently demonstrated that EVM-derived forecasts, particularly those using the CPI-based 

formula, outperform subjective management forecasts in predictive accuracy, particularly as projects 

progress beyond the twenty per cent completion point (Lipke, 2003; Zwikael et al., 2000). 

In the context of major infrastructure programmes, cost management is further complicated by the 

prevalence of lump-sum, unit-rate, and remeasurable contracts, each of which carries distinct risk 

allocation profiles and cost control implications. Contract selection strategy has been shown to 

significantly influence the effectiveness of cost controls, with poorly matched contract strategies 

contributing to cost overruns through misaligned incentive structures (Love et al., 2010). 

2.3 Schedule Governance and Planning Systems 

Schedule governance refers to the systematic processes through which project timelines are established, 

maintained, monitored, and updated. At its core, schedule governance involves the development of a logic-

linked, resource-loaded network schedule — increasingly managed through enterprise tools such as 

Primavera P6 EPPM — which serves as the performance baseline against which actual progress is 

measured (Cioffi, 2006). 

A persistent theme in the scheduling literature is the quality of schedule baselines. Studies have found that 

schedule models frequently suffer from incomplete logic, insufficient resource loading, and inadequate 

risk integration, all of which undermine their utility as performance measurement tools (Vanhoucke, 

2012). The Defence Contract Management Agency (DCMA) has developed the 14-point schedule health 

assessment as a practical diagnostic framework for evaluating schedule quality, addressing factors such as 

logic density, float distribution, and baseline change frequency. 

The concept of Schedule Performance Index (SPI) derived from EVM has been critiqued for its tendency 

to converge to 1.0 as projects approach completion regardless of actual schedule status, since cost and 

schedule variances are both measured in monetary terms. Lipke's Earned Schedule (ES) theory addresses 

this limitation by re-expressing schedule performance in time units rather than cost units, providing a more 

reliable indicator of time-based performance particularly in the latter stages of programmes (Lipke, 2003; 

Henderson, 2004). 

2.4 Risk Integration within Project Controls 

Risk management and project controls are conceptually separable but operationally inseparable. The 

identification, quantification, and mitigation of cost and schedule risks must be embedded within the 

controls framework rather than treated as a parallel activity. Quantitative Schedule Risk Analysis (QSRA) 

and Quantitative Cost Risk Analysis (QCRA), conducted through Monte Carlo simulation methods, 

translate probabilistic risk assessments into confidence intervals around cost and schedule baselines, 

enabling informed contingency setting and reserve management (Chapman and Ward, 2011). 
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The integration of risk into earned value reporting — what some practitioners have termed Earned Value 

Risk Management (EVRM) — remains an emerging area of both scholarly interest and practical 

development. Research suggests that programmes which formally integrate risk registers with cost and 

schedule performance data generate more accurate forecasts and maintain greater stakeholder confidence 

than those in which risk management operates as a standalone process (Acebes et al., 2014). 

2.5 Project Controls Maturity 

The concept of organisational maturity in project management draws primarily from the Capability 

Maturity Model Integration (CMMI) developed by Carnegie Mellon University and its various project 

management derivatives, including the OPM3 model developed by the Project Management Institute 

(PMI, 2013). These frameworks conceptualise maturity as a progressive development of organisational 

capability across defined levels, from ad hoc and reactive practices to optimised, continuously improving 

processes. 

Specific maturity models targeted at project controls have been developed in the practitioner community, 

most notably by AACE International through its Total Cost Management framework. However, the 

academic literature on project controls maturity as a distinct construct — and on the empirical relationship 

between controls maturity and project outcomes — remains limited. This paper contributes to filling that 

gap through the IPCMM framework proposed in Section 4. 

 

3. THEORETICAL FRAMEWORK: PROJECT CONTROLS AS INTEGRATED 

GOVERNANCE 

The central theoretical proposition of this paper is that project controls should be understood not as a 

collection of discrete monitoring functions but as an integrated governance system through which project 

delivery is planned, measured, and steered. This framing draws on control theory — specifically 

cybernetic models of feedback-driven systems — and applies it to the management of complex 

sociotechnical programmes. 

In cybernetic terms, a project may be conceptualised as a dynamic system operating under conditions of 

uncertainty and external perturbation. The project controls function acts as the sensing and regulatory 

mechanism of this system: continuously measuring the gap between planned and actual performance (the 

error signal), interpreting the causes of deviation, and generating corrective inputs that redirect system 

behaviour toward the desired output state (Turner, 2009; Anbari, 2003). 

This integrated governance model has five core components, each corresponding to a distinct project 

controls domain: 

 Cost Governance — the establishment and maintenance of cost baselines, the monitoring of actual 

expenditure, the forecasting of cost-at-completion, and the management of cost risk and contingency. 

 Schedule Governance — the development and maintenance of logic-linked, resource-loaded schedule 

baselines; the monitoring of actual progress; and the generation of schedule performance metrics. 

 Change and Variation Control — the formal identification, assessment, pricing, approval, and 

incorporation of changes and variations to the scope, cost, and schedule baseline. 

 Risk and Opportunity Management — the identification, quantification, and mitigation of risks that 

threaten programme objectives, and the exploitation of opportunities that may improve performance. 

 Performance Reporting and Analytics — the integration of cost, schedule, and risk data into coherent 

performance narratives communicated to project stakeholders at appropriate frequencies and levels of 

granularity. 
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These five domains are not parallel functions — they are deeply interdependent. A change in scope 

(Change and Variation Control) necessarily propagates into revised cost estimates (Cost Governance) and 

updated schedule models (Schedule Governance). The introduction of an unforeseen risk event (Risk 

Management) alters the probability distribution of cost-at-completion forecasts and may trigger schedule 

float consumption. Performance reports (Performance Reporting) are only meaningful insofar as they 

accurately reflect the integrated state of all four antecedent domains. 

The theoretical framework therefore positions project controls as a systemic function whose value lies 

precisely in the integration of these domains. Organisations that manage these functions in organisational 

or technological silos sacrifice the analytical power that integration delivers: the ability to generate 

forward-looking, integrated cost-schedule risk forecasts that enable genuinely informed decision-making. 

 

4. THE INTEGRATED PROJECT CONTROLS MATURITY MODEL (IPCMM) 

Building on the theoretical framework and drawing on the maturity modelling tradition reviewed in 

Section 2, this paper proposes the Integrated Project Controls Maturity Model (IPCMM) as a structured 

instrument for assessing and developing an organisation's project controls capability. The IPCMM 

comprises five maturity levels, each defined by characteristic capabilities across the five project controls 

domains. 

4.1 Level 1 — Reactive Controls 

At Level 1, project controls activities are largely informal and reactive. Cost tracking may occur through 

spreadsheet-based tools maintained by individual project managers without standardisation. Schedules are 

prepared at project inception but are rarely updated in response to actual progress data. Change 

management is ad hoc; variations are recorded inconsistently. Risk management, if practised at all, 

consists of qualitative assessments with no integration into cost or schedule baselines. Reporting is 

periodic, narrative-dominant, and retrospective. Organisations at Level 1 typically experience high cost 

and schedule variance and limited ability to forecast performance with confidence. 

4.2 Level 2 — Defined Controls 

At Level 2, organisations have established documented project controls procedures and have begun 

deploying standardised tools. A project controls plan is prepared at project inception. Cost baselines are 

established in a consistent format, and earned value is calculated. Schedules are maintained and updated 

at regular intervals using recognised scheduling software. Change management follows a defined process 

with formal approval workflows. Risk registers are maintained, and qualitative risk assessments are 

conducted. Reporting follows standardised templates. Performance at Level 2 is more predictable, but 

integration between controls domains remains limited. 

4.3 Level 3 — Integrated Controls 

Level 3 represents the critical transition from process compliance to genuine analytical integration. At this 

level, cost and schedule data are integrated within a Performance Measurement Baseline, and EVM indices 

are generated systematically. Change impacts are assessed across all controls domains before approval. 

Quantitative risk analysis informs contingency management. Reporting integrates cost, schedule, and risk 

performance into coherent executive narratives. Organisations at Level 3 possess meaningful forecast 

capability and can identify performance deviations early enough to mount effective corrective responses. 

4.4 Level 4 — Predictive Controls 

At Level 4, project controls generate genuinely predictive intelligence. Advanced EAC methodologies are 

used alongside Earned Schedule analysis to produce time-phased cost-at-completion forecasts with 
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confidence intervals. Trend analysis identifies performance deterioration before it manifests in KPI 

thresholds. Scenario modelling enables proactive assessment of alternative delivery strategies. Data from 

historical projects informs risk assessments and contingency calibration. Organisations at Level 4 are able 

to anticipate delivery challenges rather than merely respond to them. 

4.5 Level 5 — Adaptive Controls 

At Level 5 — the highest maturity level — project controls are embedded in a culture of continuous 

improvement and knowledge generation. Lessons from each programme systematically inform the 

controls frameworks applied to subsequent programmes. Advanced analytics, including probabilistic 

forecasting and data visualisation technologies, support dynamic decision-making. Project controls 

professionals operate as strategic advisors to senior leadership, shaping programme delivery strategy 

rather than merely monitoring it. Organisations at Level 5 represent the frontier of controls practice and 

consistently demonstrate superior delivery outcomes. 

 

5. FINDINGS AND DISCUSSION 

5.1 Evidence from Major Infrastructure Programmes in KSA 

The propositions developed in this paper are informed by practitioner observations from three major 

programmes in the Kingdom of Saudi Arabia, each presenting distinct controls challenges. 

The King Abdullah Financial District (KAFD) programme, with a total investment value exceeding SAR 

22.8 billion, involved the simultaneous delivery of more than thirty office towers, retail complexes, and 

infrastructure systems across a 1.6 million square metre mixed-use urban district in Riyadh. The 

programme involved multiple main contractors, numerous subcontractors, and a complex governance 

structure operating under the sponsorship of the Public Investment Fund (PIF). The sheer complexity of 

the programme demanded advanced schedule integration — specifically the deployment of an enterprise-

level Primavera P6 EPPM environment capable of integrating contractor schedules into a portfolio-level 

master programme. The experience demonstrated clearly that schedule integration without cost integration 

delivers only partial governance benefit; only when earned value was calculated against a comprehensive 

Performance Measurement Baseline did the programme management team acquire the analytical 

foundation for reliable cost-at-completion forecasting. 

The Resort programme in Al Ula, a SAR 2.6 billion luxury hospitality development commissioned by the 

Royal Commission for Al Ula (RCU), illustrated the particular challenges of project controls in design-

led, client-driven programmes where scope definition evolves continuously through the design 

development process. The experience reinforced a proposition well-supported in the literature: that change 

and variation control must be the most rigorously governed controls domain in scope-volatile programmes, 

since uncontrolled scope growth is the single largest driver of cost overrun in client-initiated changes 

(Love et al., 2010). The introduction of a formal change control board with cross-functional membership, 

coupled with a structured variation order pricing methodology, materially reduced the lag between scope 

change identification and baseline revision. 

The Aramco Fuel Station Programme — a SAR 2.5 billion nationwide initiative involving the delivery of 

over 275 fuel stations across diverse geographic settings — presented the challenge of managing project 

controls at portfolio scale across a highly distributed project environment. The programme demonstrated 

that controls maturity at portfolio level requires not merely standardised tools and processes but 

standardised behaviours: a shared controls culture in which project teams at all levels understand the 

purpose of the data they generate and act on the performance intelligence it produces. The systematic 
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investment in controls team capacity building — through structured mentoring, standardised reporting 

disciplines, and regular performance calibration sessions — proved as consequential to delivery 

performance as any technological capability. 

5.2 The Relationship between Controls Maturity and Delivery Performance 

The IPCMM framework predicts that organisations at higher maturity levels will demonstrate superior 

delivery performance. The practitioner literature and the limited empirical research on this relationship 

broadly support this proposition. AACE International's studies of cost performance by industry sector have 

consistently shown that organisations with more mature cost management practices experience lower final 

cost growth relative to project baselines (AACE International, 2018). Research by Papke-Shields et al. 

(2010) found positive associations between project management maturity and project success, though the 

specifically controls-related dimensions of maturity received insufficient disaggregation in that study. 

An important qualification is warranted, however. Maturity level and delivery performance are not 

mechanically linked. Organisations at Level 4 or Level 5 maturity operating in highly unstable external 

environments — volatile commodity markets, geopolitical disruption, extreme weather events — may still 

experience significant cost and schedule overruns. Controls maturity improves an organisation's ability to 

detect, respond to, and manage disruption, but it does not eliminate the underlying uncertainty to which 

all complex programmes are exposed. This observation has important implications for how clients and 

sponsors should interpret controls-generated performance data: not as deterministic forecasts but as 

probabilistic intelligence subject to ongoing revision as project conditions evolve. 

5.3 Digital Transformation in Project Controls 

The past decade has witnessed a significant acceleration in the digitisation of project controls functions. 

Enterprise platforms such as Primavera P6 EPPM, Oracle Unifier, and SAP Project Systems provide 

integrated environments for cost, schedule, and document management that were previously available only 

through complex bespoke system integrations. The emergence of cloud-based project controls platforms 

has further democratised access to enterprise-grade controls capability, enabling even mid-sized 

organisations to deploy integrated controls environments previously reserved for the largest programmes. 

Building Information Modelling (BIM) is increasingly intersecting with project controls through 4D 

(schedule-linked) and 5D (cost-linked) model capabilities that allow programme teams to visualise 

planned versus actual progress in three-dimensional space. While the full integration of BIM with earned 

value management remains a frontier capability, its trajectory is clear: the future of project controls will 

involve the real-time interrogation of digital programme twins, in which physical progress data captured 

through remote sensing and IoT technologies updates cost and schedule performance metrics 

automatically and continuously (Eastman et al., 2018). 

Artificial intelligence and machine learning are beginning to appear at the frontier of project controls 

practice, with applications ranging from automated schedule risk detection to natural-language processing 

of contract documentation for risk identification. While these technologies are not yet mainstream in 

project controls, their trajectory suggests that the analytical bandwidth of controls functions will expand 

substantially over the coming decade, enabling more sophisticated and timely performance intelligence. 

 

6. CONCLUSION 

This paper has argued that project controls must be understood as an integrated governance discipline — 

the central mechanism through which complex programmes are planned, monitored, and steered toward 

their delivery objectives. The conceptual framework developed in the paper positions the five core controls 
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domains (cost governance, schedule governance, change control, risk management, and performance 

reporting) not as parallel functions but as interdependent components of a single integrated system whose 

value lies in the intelligence generated by their combination. 

The Integrated Project Controls Maturity Model (IPCMM) provides a structured progression framework 

for organisations seeking to develop their controls capability from reactive data collection to predictive 

and adaptive governance. The model offers both a diagnostic instrument for assessing current capability 

and a development roadmap for systematic capability enhancement. 

The practitioner observations drawn from major infrastructure programmes in the Kingdom of Saudi 

Arabia illustrate the real-world consequences of controls maturity differentials. In large-scale, multi-

stakeholder, scope-complex programmes, the quality of project controls is not merely an operational 

consideration — it is a strategic variable that materially influences delivery outcomes, stakeholder 

confidence, and organisational reputation. 

Several directions for future research emerge from this study. Empirical validation of the IPCMM through 

large-sample survey research would strengthen the model's evidence base. Comparative studies examining 

controls maturity and delivery performance across different industry sectors and geographic contexts 

would provide insight into the generalisability of the framework. And longitudinal research tracking the 

development of controls capability within specific organisations over time would illuminate the 

organisational change dynamics involved in maturity progression. 

Project controls, at its best, is not an administrative burden imposed on project teams — it is the analytical 

infrastructure through which genuinely informed decisions become possible. Organisations that invest in 

developing this infrastructure will find themselves better equipped to navigate the uncertainty and 

complexity that characterise delivery in the contemporary world. 
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