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Abstract

This paper examines how digital technologies can bridge the critical gap between data availability and decision-making
effectiveness in capital project execution. Despite the exponential growth in data generation and the widespread adoption
of digital tools, capital projects frequently suffer from cost overruns and schedule delays. This paradox suggests that the
primary value of digitalization lies not in data collection, but in the ability to translate raw data into timely, actionable
insights that drive proactive management. Using a conceptual framework supported by industry observations and case
studies, this research illustrates how digital technologies and its components bring impact to the Capital project
performance. The findings reveal that successful digital transformation is less a technological challenge and more an
organizational one, requiring robust data governance, cultural alignment, and clear decision accountability. The paper
concludes with practical recommendations for implementing digital solutions that move project controls from retrospective
reporting to forward-looking insight generation, ultimately improving project performance and reducing execution
uncertainty.
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1. INTRODUCTION While digital tools have increased the

In contemporary capital project environments, availability of project data, they have not necessarily
the volume and diversity of data generated across the improved outcomes. A common issue is the delay in
project lifecycle have increased exponentially. transforming raw data into actionable insights [2].
Engineering  deliverables, procurement records, Technology has the power to change how a project is
construction progress reports, cost transactions, and risk executed; driving efficiency, productivity and growth.

registers collectively produce a continuous stream of
information. Modern tools such as Primavera P6 for
scheduling, SAP for financial control, and Power BI for
dashboard visualization are widely deployed to manage
and interpret this data. Despite this technological
maturity, a persistent paradox remains: projects continue
to experience cost overruns, schedule delays, and
performance variability. A McKinsey study analyzed
500 projects around the world, each with a total project
value of at least $100 million; 62 percent of the project
sample were “megaprojects” valued at $1 billion or
more. The analysis found that cost overruns on average
at least 79 % of initial budget estimates, while delays
averaged out to 52 % compared against initial time
frames [1]

Current trends show that organizations invest heavily in
cloud infrastructure and cutting-edge technology but
miss out on the potential business value it could deliver.
As per Harvard Business Review, just 30% of change
strategies including initiatives of installing new
technologies were successful. In fact, the majority of
organizations face significant challenges when
implementing new systems and processes, with human
factors being one of the biggest barriers to success.[3]

This paradox reflects a fundamental gap
between data availability and decision effectiveness. In
many organizations, project control teams are proficient
in collecting and reporting data, but they are fall in
“reporting trap” spend the majority of their time
producing reports that describe what has already
happened but miss the real value in answering more
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critical questions such as what is likely to happen next?
what risks could affect delivery? what decisions should
leadership consider now? [4]. Consequently, project
controls often function as retrospective reporting
mechanisms rather than forward-looking management
tools.

A recurring pattern observed in large-scale
capital projects is the delayed recognition of emerging
issues. For example, schedule slippage may only become
apparent once critical milestones are missed, and cost
overruns are often identified after contractual
commitments have already constrained mitigation
options. In such cases, the underlying data signals were
present but not interpreted or acted upon with sufficient
urgency.

The “data dilemma” is therefore not a
technological deficiency but an organizational and

analytical challenge. It requires a shift from viewing data
as an output of project execution to recognizing it as a
strategic asset that must be continuously analyzed,
contextualized, and operationalized. Addressing this
dilemma is essential for improving project predictability,
enhancing risk management, and ultimately delivering
capital projects within approved cost and schedule
baselines.

2. LITERATURE REVIEW
2.1. The Evolution of Project Management

The discipline of project management has
undergone significant evolution over the past decades,
transitioning from experience-based practices to
structured methodologies supported by advanced digital
systems. Understanding this evolution provides
important context for the current emphasis on data-
driven decision-making.

Project Management has been practiced for thousand of
years dating back to the Egyptian epoch (Pyramid of Giza)
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Figure 1: Project management evolutions

In earlier phases, project execution relied
heavily on the experience and judgment of project
managers and subject matter experts. While this
approach allowed for flexibility and rapid decision
making, it lacked standardization and often resulted in
inconsistent performance across projects. Lessons
learned were not systematically captured, limiting
organizational learning.

The introduction of formal project management
frameworks, including standardized scheduling
techniques and cost control methodologies, marked a
transition toward system-driven control. Tools such as
critical path method (CPM), earned value management

(EVM), and integrated cost systems enabled
organizations to monitor performance against baseline
plans. This phase significantly improved transparency
and accountability; however, it also introduced a reliance
on lagging indicators, where performance deviations
were identified only after they had occurred.

Project management has gradually moved
beyond execution and into strategy. As organizations
scale, the challenge is no longer delivering individual
projects but ensuring that the right work gets done at the
right time. This shift has positioned project management
as a capability that supports business outcomes, not just
delivery. [5]
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The integration of digital technologies in
modern project management represents part of
transformation named as “Digital Transformation”. It
allows a company to choose the right technology for their

projects and highlight the areas to focus more on that
brings improved productivity and efficiency Digital
transformation undergoes three different phases that are
digitization, digitalization and digital transformation.
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Figure 2: Digital Transformation Journey

The first phase, called digitization, involve
encoding analogue information into a new digital format
where computers can store and transmit the information.

The second phase, called digitalization, enables
rearranging the existing business processes using IT or
digital technologies. For example, instead of inspecting
a building itself, one might choose a digital model of it
for the inspection utilizing the technologies

Third phase, called as digital transformation
where digitized data and digitalized applications utilized
to transform business processes to create new business
models and this creates a company more efficient,
productive and profitable.[6]

Today’s landscape represents a transition
toward “insight-driven execution”, enabled by digital
technologies and integrated data environments. In this
paradigm, the objective is not only to monitor
performance but to anticipate deviations and enable
proactive intervention. Predictive analytics, real-time
data integration, and advanced visualization tools
support this shift by providing earlier and more
comprehensive insights into project dynamics.

Despite these advancements, many
organizations remain in a transitional state. Digital tools
are often implemented without corresponding changes in
processes and behaviors, resulting in limited realization
of their potential benefits. The evolution of project
management is therefore not solely a technological
progression but also an organizational transformation
that requires alignment between tools, processes, and
decision-making practices.

2.2. Digital Technologies as Enablers

Digital technologies play a critical role in
enabling the transformation of project management from
a reactive to a proactive discipline. However, their value
lies not in their individual capabilities but in their ability
to integrate data, enhance visibility, and support
informed decision-making across the project lifecycle.

One of the most significant advancements is the
development of integrated data platforms, which
consolidate information from multiple sources, including
scheduling systems, enterprise resource planning
systems, procurement databases, and field reporting
tools. This integration eliminates data silos and enables a
holistic view of project performance. For example,
linking schedule data with procurement status allows
project teams to identify potential delays arising from
late material deliveries before they impact construction
activities.

Advanced analytics capabilities further enhance
the utility of integrated data. Through trend analysis,
anomaly detection, and predictive modeling, digital tools
can identify patterns that are not readily apparent through
manual analysis. These capabilities enable the early
detection of risks such as schedule slippage, cost
escalation, and resource constraints.

Real-time data capture technologies, including
mobile reporting applications, Internet of Things (IoT)
sensors, and drone-based inspections, improve the
accuracy and timeliness of field data reduces reliance on
manual reporting processes, which are often subject to
delays and inaccuracies, and provides a more reliable
basis for decision-making.

Additionally, workflow automation tools
streamline approval processes and reduce decision
latency. By digitizing workflows for engineering
approvals, change management, and procurement
processes, organizations can significantly improve
execution efficiency.

Digital technologies can provide a competitive
edge, but a misguided digital transformation framework
can leave an organization reeling in worse shape than
before. In context, if you’re building a skyscraper you
have to lay the foundations before deciding what color to
paint the walls. Similarly, in the digital realm you have
to be confident that your digital roadmap is robust before
applying VR headsets and Al-powered robots.[7]
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It is important to emphasize that digital
technologies are enablers rather than solutions. Their
effectiveness depends on the extent to which they are
integrated into project management processes and
supported by organizational practices that prioritize data
quality, accountability, and timely decision-making.

2.3. The Journey from Data to Decisions

Humanity generates over 402.74 million
terabytes of data daily. This abundance of data, if
collected and processed, enables businesses to make
effective decisions that serve business goals and provide
good customer experiences. Data-driven decision-

making allows businesses to generate real-time insights
and predictions, optimize performance and test new
strategies. Such informed decisions lead to sustainable
growth and profitability, whereas relying on gut feelings
can result in the opposite. Data provides a solid
foundation for making decisions, reducing uncertainty
and increasing confidence. 8]

The transformation of raw project data into
actionable insights requires a structured and disciplined
approach. This process can be conceptualized as a multi-
stage journey encompassing data collection, integration,
analysis, decision-making, and outcome realization.

Data Collection

7

Integration

v

Analysis

v

Decision Making

v

Result Evaluation

Figure 3: Data transformation stage

1. Data Collection

The first stage involves the systematic
collection of data across all relevant project domains.
This includes schedule data (activities, milestones, and
progress), cost data (budget, actual expenditures, and
commitments), procurement data (vendor performance
and delivery timelines), and field execution data
(progress reports and quality inspections). Ensuring data
accuracy and consistency at this stage is critical, as errors
can propagate through subsequent stages and
compromise decision quality.

2. Data Integration

The second stage focuses on data integration,
where information from disparate systems is
consolidated into a unified platform. Integration enables
cross-functional analysis and provides a comprehensive
view of project performance. For instance, integrating
cost and schedule data allows for the calculation of
performance indices such as SPI (Schedule Performance
Index) and CPI (Cost Performance Index), which are
essential for performance assessment.

3. Data Analysis

The third stage involves the generation of
insights through analytical processes. This includes
identifying trends, detecting anomalies, and forecasting
future performance. Effective insight generation requires

not only technical tools but also domain expertise to
interpret results within the context of project objectives
and constraints.

4. Decision Making

The fourth stage is decision making, where
insights are translated into actionable measures. This
may involve reallocating resources, adjusting schedules,
revising procurement strategies, or implementing risk
mitigation plans (e. g., the system identifies a 6%
probability of material delay based on supplier lead-time
trends will automatically triggering a contingency
purchase workflow before the critical path is impacted).
The speed and effectiveness of this stage are critical
determinants of project outcomes.

5. Result Evaluation

Finally, the outcome stage evaluates the impact
of decisions on project performance, creating a feedback
loop that informs continuous improvement.

This structured journey underscores the
importance of aligning data, analytics, and decision-
making processes to achieve meaningful performance
improvements.
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3. Digital Technologies Implementation Challenges

One of the most significant yet underestimated
challenges in digital transformation within capital project
environments is the inability of organizations to
consistently convert project data into actionable
decisions. While many companies have invested heavily
in integrated scheduling systems, enterprise resource
planning platforms, digital dashboards, and advanced
analytics tools, the expected improvements in project
performance are often not fully realized. The primary
reason is that digital transformation is frequently
approached as a technology initiative rather than an
operational and behavioral transformation. As a result,
organizations become highly capable of generating and
visualizing data, but significantly less effective in
translating that information into timely actions that
improve execution outcomes.

A recurring issue in large capital projects is the
existence of a disconnect between data visibility and
decision accountability. Project teams may have access
to sophisticated dashboards displaying schedule
performance, procurement status, risk exposure, and cost
deviations in real time; however, ownership of the
required response actions often remains unclear. In many
organizations, digital systems successfully identify
emerging risks, but governance structures fail to define
who must act, how quickly escalation should occur, and
what authority is required to implement corrective
measures. Consequently, projects become “data-rich but
action-poor,” where risks are recognized early but
remain unresolved until they materially impact cost or
schedule performance. Clear escalation paths are vital so
that issues can be resolved quickly without confusion.[9]

Another challenge is frequently reinforced by
organizational culture restrictions. A lack of digital
culture is frequently cited as a major barrier to
innovation. This often manifests as a weak digital
mindset, not being open to new technology or changes
because people prefer things the way they are.[10] In
traditionally hierarchical project environments, decisions
are often driven more by authority, experience, or
departmental influence than by integrated project data.
Even when analytics indicate emerging execution risks,
teams may hesitate to escalate issues due to fear of
organizational resistance. According to Lewin’s change
theory and Kotter’s change management model,
resistance stems from fear of the unknown, perceived
loss of control, and misalignment between employee
expectations and organizational objectives. [11]

In some cases, management teams continue to
rely on informal communication channels or
independently maintained spreadsheets rather than
trusting centralized digital systems. This creates a
parallel decision-making culture in which official project
data exists, but operational behavior remains
disconnected from it. During periods of project pressure,
organizations commonly revert to manual processes and

reactive management practices because they are
perceived as more controllable than structured digital
workflows.

Poor data governance further amplifies this
issue. As per Gartner study, by 2027, for example, 60%
of organizations will fail to realize the anticipated value
of their Al use cases due to incohesive data governance
frameworks [12]. Many organizations prioritize the
implementation of dashboards and reporting platforms
without establishing a corresponding governance model
that links insights to decision-making processes. Large
volumes of project metrics are generated, yet limited
attention is given to defining which indicators are truly
actionable, who owns them, and what intervention
mechanisms should be triggered when deviations occur.
As a result, project reviews often become reporting
exercises focused on explaining performance rather than
structured forums for making timely decisions. Without
clear governance, digitalization risks becoming an
additional reporting layer rather than a mechanism for
improving execution outcomes. By clearly defining
processes and assigning ownership, the organization
becomes more agile and better able to innovate
permanently. [13]

Another critical barrier is the persistence of skill
gaps within project organizations. Digital transformation
requires more than technical proficiency in software
platforms; it requires analytical capability, cross-
functional understanding, and the ability to interpret
trends within the broader context of project execution.
Many project professionals remain highly experienced in
traditional project controls practices but have limited
exposure to predictive analytics, integrated data
interpretation, or digital decision-support
methodologies. Consequently, organizations may
possess advanced systems but lack the internal capability
to extract meaningful operational insights from them. In
such situations, data is collected extensively but utilized
superficially, reducing its strategic value. Employee skill
gaps remain a persistent organizational cultural barrier to
digitalization implementation, best tackled by offering
targeted training programs to equip employees with
essential digital skills. [10]

Overcoming these challenges requires
organizations to fundamentally reposition digitalization
as a decision-enablement strategy rather than a reporting
enhancement initiative. Governance structures must
clearly connect data insights to accountable actions, with
defined escalation paths, response ownership, and
decision timelines.

Organizational culture must evolve toward
evidence-based decision-making, where transparency
and early risk identification are viewed as operational
strengths rather than sources of blame. By collecting,
analyzing and interpreting data, organizations can make
better decisions that more closely align with business
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goals and objectives.[11] Equally important is the
investment in capability development, ensuring that
project teams possess not only technical system
knowledge but also the analytical skills required to
transform complex project data into actionable execution
strategies. Data literacy and analytical skills not only
make sense of raw data, but use it to drive impactful
change to organization. People that have those
capabilities as well as an understanding of business
contexts are going to be the ones that will add the most
value and have the greatest impact. [14]

Ultimately, the success of digital transformation
in capital projects will not be determined by the
sophistication of dashboards or the volume of available
data. It will depend on an organization’s ability to
consistently convert integrated project information into
timely, coordinated, and decisive actions that improve
project performance outcomes.

4. Case Studies and Impact

The practical value of digital technologies in
capital project execution is best illustrated through real-
world scenarios that demonstrate their impact on
performance outcomes as described in below examples.

In one composite example, an LNG Mega
Project located in Western Australia (Gorgon Projects -
2020) with large number of stakeholders involved
exposes megaprojects to vulnerabilities; with so many
moving parts, the risk of critical details slipping through
the cracks is greatly increased. Disruptions to the supply
chain brought about by the pandemic continue to have a
profound impact on the price of construction materials.
Furthermore, Labor shortages continue to rock the
construction industry, critical time was wasted on
chasing down information and planning reactively. By
implementing a collaboration digital platform, the
project enables all stakeholders to view an up-to-date
information, consolidated dashboard, enabling seamless
interdisciplinary communication. Users are notified
automatically about actions through an automated
workflow that tracks progress against schedule and
budget. In result Projects can help reduce work hours by
10%. [15] The unified automated dashboard platform
reduces administrative works on manual reporting and
eliminating redundant progress meeting enables the
project team to identify only the critical data requiring
urgent intervention, serving as an exemplary model for
transforming megaproject data into actionable insights.

In another example highlights a large
infrastructure project, Istanbul New Airport (INA) is an
international airport project which has been under
construction on 2015 equipped with 3 terminals, 6
runways, and an annual capacity of 200 million
passengers. The aforementioned targeted scales and
capacities indicate the significant complexity and
challenges which were intensified with the project
timeline constraints so that the first phase of the project

was started in 2015, and completed in the second half of
2018. The INA BIM Master Model encompasses all the
major structures residing on the airside and landside
regions of the airport. The digital design/engineering
details of the project are elaborated by providing the
mechanical, electrical, and plumbing (MEP), as well as
the infrastructure systems and sub-systems of the
building and civil airport structures coordinated and/or
present in the BIM environment. The BIM
implementation is a robust approach for merging the
silos, and for speeding up the project delivery. [16].
BIM’s unified design data empowered the Engineering
team with comprehensive fault insights, enhance
collaboration and decision-making. This early visibility
into design conflicts prevented schedule slippage and
reduced remediation costs, directly linking the digital
model to improved project timeline and budget
outcomes.

5. Future Outlook

The future of capital project management will
be shaped by continued advancements in digital
technologies and their integration into project execution
processes. Emerging trends such as artificial intelligence
and digital twins are expected to further enhance the
ability of project teams to anticipate and manage risks.

Artificial intelligence and machine learning
technologies will further enhance decision support by
analyzing large datasets and identifying patterns that
may not be apparent to human analysts. These
technologies can augment human judgment and improve
the quality of decision-making.

Among the emerging technologies that are
drawing the most attention in project management,
Artificial Intelligence (Al) and machine learning hold a
prominent place. Once seen as futuristic, Al has now
firmly entered the realm of everyday work tools,
automating tasks, analyzing large volumes of data, and
supporting decision-making.  Today, over half of
companies (56%) report having already integrated Al
solutions into their project management processes to
improve operational efficiency. However, intensive
adoption is still in its early stages: only 21% of project
managers use Al regularly (always or often) in managing
projects, indicating significant room for growth. It's no
surprise then that 82% of senior executives expect Al to
have at least some impact on how projects are conducted
in the next five years, with 58% anticipating a
“transformational” impact. [17]

Digital  twins, = which  create  virtual
representations of physical assets and processes, offer the
potential to simulate project scenarios and assess the
impact of decisions before they are implemented. This
can improve planning accuracy and reduce uncertainty
during execution. It’s generated real-time, auditable
models, maintaining human oversight even in fully
autonomous operations. Based on Emst & Young
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Megatrends 2026 report, Digital Twin advanced
implementations already reach 90% to 95% predictive
accuracy compared to 60% to 70% for traditional
monitoring systems.[18]

6. CONCLUSION

The digital transformation of capital project
management is no longer optional; it is a strategic
imperative for overcoming the persistent paradox of cost
overruns and schedule delays despite technological
maturity. This paper has established that the primary
value of digitalization lies not in the exponential
accumulation of data, but in the capability to translate
that data into timely, actionable insights. The "data
dilemma" is fundamentally an organizational challenge,
not a technological deficit. While tools like integrated
platforms, advanced analytics, and digital twins provide
the necessary visibility, their effectiveness is contingent
upon robust data governance, cultural alignment, and
clear decision accountability.

Looking ahead, the integration of artificial
intelligence, machine learning, and predictive analytics
holds the potential to further elevate project performance
by shifting the focus from descriptive reporting to
prescriptive  actions. However, these advanced
capabilities will only yield significant returns if the
underlying data ecosystems are clean, integrated, and
governed effectively. The future of capital project
execution lies in "augmented project controls," where
digital systems handle the complexity of data
aggregation and pattern recognition, empowering project
managers to focus on strategic judgment and stakeholder
engagement.

Organizations must treat digital transformation
as a holistic endeavor that integrates technology with
human capability development. By addressing barriers
such as skill gaps, poor data governance, and resistant
cultures, companies can create an environment where
evidence-based decision making thrives. Ultimately,
organizations that align their digital roadmaps with
operational realities and prioritize actionable outcomes
over mere data visibility will achieve superior
performance of projects delivery.
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