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Abstract. Traditional coordination-dominated project management struggles
with complex, high-uncertainty projects. This paper proposes a Technology-
Dominant Project Management Model (TDPMM), placing technical experts at
the core to streamline decision-making and problem-solving. By integrating plan-
ning and execution into the technical team and flattening the WBS structure, the
model enhances responsiveness, reduces delays, and improves technical risk
management. Applied in a high-innovation project, TDPMM significantly
boosted efficiency, overcame key technical bottlenecks, and ensured milestone
delivery. The results show that shifting from coordination- to technology-led
management enhances execution efficiency and success in complex projects.
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1 Introduction

Enterprises face increasingly severe management challenges when advancing large-
scale, complex projects. Effectively managing such projects, especially those charac-
terized by high technological sophistication and significant uncertainty, constitutes a
core challenge for project managers ['31. While modern project management concepts
are gaining wider adoption within domestic enterprises, the backdrop of rapidly chang-
ing external environments and accelerating technological iteration necessitates explor-
ing more efficient project management models. This exploration aims to ensure high-
quality and high-efficiency project delivery and has become a major focus for senior
management.

The prevailing situation is that during the execution of complex projects, production
coordination teams typically take the lead, responsible for the overall allocation of hu-
man resources, material resources, costs, information, and various support resources [
¢l However, as project complexity continues to escalate and quality requirements be-
come increasingly stringent, traditional management models are revealing limitations.
Therefore, exploring and establishing a more efficient management model tailored to
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the characteristics of complex projects, based on actual enterprise needs, holds signifi-
cant practical importance.

2 Current Status and Challenges of Complex Project
Management

Under the background of intensified global competition and ever shortened technology
iteration cycle!”), the large and complex projects undertaken by enterprises are charac-
terized by large scale, novel technology and interdisciplinary. Although modern project
management methodology (such as PMBOK, Prince2, etc.) has been widely used in
domestic enterprises, in the face of complex projects with high uncertainty and ambi-
guity, the traditional management model gradually shows signs of “acclimatization” in
response to dynamic changes, integrating cross domain resources, and resolving deep
level technical conflicts.

2.1  Core Characteristics of Complex Projects

The successful implementation of large-scale, complex projects heavily relies on effec-
tive project management to achieve objectives within stipulated timeframes. This re-
quires applying project management knowledge to implement phased and milestone-
based control. The core lies in checking, comparing, analyzing, and adjusting imple-
mentation status to ultimately ensure goal attainment. Modern project management ad-
heres to the fundamental logical flow of Plan-Execute-Monitor-Close, as shown in Fig-
ure 1.
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Fig. 1. Logic Diagram of Modern Project Management Process
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Large complex projects are not only simple amplification of conventional projects,
but also have unique complexity laws in their nature, which determines that their man-
agement logic must be distinguished from ordinary projects. Complex projects usually
carry the mission of strategic transformation or technological breakthrough of an enter-
prise, whose success is directly related to the long-term development of the enterprise.
However, such projects often face many challenges in the early stages, such as fuzzy
requirements boundaries and uncertainty of technical path, which make traditional pro-
ject management methods difficult to work.

Strategic Load and Uncertainty Co-exist. Complex projects are often closely related
to an enterprise's core strategy, designed to achieve key technology breakthroughs or
drive business model transformation. Top managers place high hopes on such projects,
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but due to the large number of new technologies, the first application of new processes
involved, the start-up phase of a project often faces problems with unclear requirements
definitions and unclear technical paths. In addition, changes in the external environment
(e.g. supply chain fluctuations, policy adjustments, etc.) may be amplified stage by
stage through complex system correlations, which in turn trigger the "butterfly effect",
resulting in uncontrolled project schedules. This high degree of uncertainty makes it
difficult for traditional static program control tools to accommodate the dynamic chang-
ing needs of complex projects.

Rigid Constraints and High Opportunity Costs. Complex projects often require
large upfront inputs, accompanied by significant opportunity costs. Its key milestone
nodes often have "hard" timing requirements, such as market window periods or na-
tional major engineering nodes. Once a delay occurs, it will not only cause direct pen-
alty and loss of idle resources, but also affect the overall strategic layout of the enter-
prise due to the loss of market advantage. This rigid constraint makes project managers
face great pressure in resource allocation and schedule control, and also highlights the
importance of optimizing the management model.

High Integration and Systemic Risk Highlights. Complex projects often involve
deep coupling in multiple areas, such as collaborative work in specialized areas such as
machinery, electronics, software, and algorithms. This high level of integration results
in complex interface relationships, and minor defects in either subsystem can cause
cascading failures of the entire system. Therefore, the project put forward extremely
high requirements for the feasibility verification of technical proposals, the accuracy of
material matching and the synchronization of cross specialty cooperation. How to ef-
fectively manage these systemic risks during project execution becomes one of the core
appeals in complex project management.

2.2  Management Status in Integration, Assembly, and Testing Phases

During the project integration and testing phases, management complexity surges dra-
matically, and the role of the project management team becomes particularly critical.
Currently, the prevalent project management approach within domestic enterprises re-
mains primarily the production coordination-led model. Figure 2 illustrates the specific
execution flow of a sub-plan within this model. While this model offers advantages in
resource allocation, it suffers from protracted processes and inefficient information
flow, especially during the project’s early stages (notably the exploration and innova-
tion phase).

Process Ossification. Management processes are typically designed for step-by-step
execution, with little provision for rapid response to unexpected technical issues. Dur-
ing integration, assembly, and testing—phases marked by unresolved technical states—
complex projects frequently encounter unforeseen problems. Yet current approaches
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prioritize fixed milestones and checklists over adaptability. While this ensures orderly
resource use under stable conditions, it becomes rigid when disruptions arise. For ex-
ample, in a large aerospace project, a design flaw in a critical component halted final
assembly. The inflexible management process delayed problem resolution, forcing ex-
tensive replanning and causing significant schedule slippage.
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Fig. 2. Execution Flowchart for Section-Level Planning

Information Attenuation. Information flow from frontline staff to decision-makers is
overly layered, leading to delays and distortion. In complex projects, accurate technical
communication is critical, yet current practices route information through multiple tiers
— operators — dispatchers — project managers — executives. Each handoff risks fil-
tering or misinterpretation, especially when technical backgrounds differ. For instance,
in a high-end equipment project, technicians flagged an electronic compatibility issue,
but key details were lost when relayed to dispatchers. By the time the message reached
decision-makers, its urgency and technical nuance were obscured, resulting in misin-
formed resource allocation.

2.3  Key Challenges Facing the Current Management Model

Problems with traditional management models are relatively easy to control when a
project enters a stable maturation period. However, during the high uncertainty phase
early in the project, such as proof of concept and prototype development, the pattern
faced a number of challenges:

Supply Chain and Supporting Bottleneck. Material shortages and frequent changes
in technical requirements are common early in the project. The flow in Figure 2 shows
the lack of active planning and design traction based on technical feasibility in the in-
formation transfer process, resulting in project management often falling into the trap
of passive response. For example, in a new energy vehicle project, the entire power
system integration scheme needed to be redesigned due to temporary technical specifi-
cation adjustments by battery providers, resulting in a project extension of 3 months
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and a 20% cost increase. This phenomenon not only delays the project schedule, but
also adds an additional financial burden, affecting the viability of the entire project.

Inefficient Response to Technical Problems. Early in the project, technical problems
were concentrated and dispatchers needed to quickly identify the priority of the problem
and coordinate technicians. However, technicians often only respond passively to the
dispatchers' instructions, lacking the initiative to solve problems actively. Field prob-
lems must be relayed through the dispatchers, resulting in asymmetric, distorted, and
delayed transmission of information. For example, during commissioning of a semi-
conductor production line, after equipment failure information was passed through mul-
tiple layers, the best fix window had been missed when the technical team intervened,
resulting in a 72 hour production line shutdown, severely affecting production effi-
ciency and project schedule.

Obstacles to Cross Domain Coordination. Regular project meetings act as platforms
to address major bottleneck, but their effectiveness depends on the involvement of all
key domain experts. If key technical experts are absent, technical problems can easily
be misjudged as resource problems, resulting in decision bias. For example, in an aero
engine R&D project, vibration problems were misjudged as inadequate assembly accu-
racy due to structural engineers not participating in coordination meetings, resulting in
a waste of two weeks of commissioning time, which was not found to be a design pa-
rameter flaw until experts intervened. In addition, when a project encounters an emer-
gency bottleneck or temporary task, if the dispatcher does not communicate the criti-
cality and urgency of the problem accurately enough, it can delay the effective response
of technical experts, which in turn triggers an escalation of technical risk and even re-
sults in the failure of the entire project.

3 Construction of the Technology-Driven Project
Management Model

3.1  WBS Structure of Complex Projects and Root Causes of Issues

The management of large-scale complex projects differs significantly from other fields.
From a Work Breakdown Structure (WBS) perspective, lower-level tasks have clear
and relatively independent objectives. The greatest challenge in critical integration
phases lies in coordinating vast numbers of tasks, resources, and interfaces, resulting in
extremely high management complexity. The WBS method is widely adopted for ef-
fective project advancement and control. Figure 3 shows a typical WBS decomposition
structure for a key phase within a specific project type.

Analyzing the WBS structure reveals that dispatchers and various execution stations
are the primary sources of issue feedback, while the technical expert team is responsible
for resolving both internal and external problems. Examining the specific work execu-
tion flow in conjunction with Figure 2, it becomes apparent that all issues, whether
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internal or external, must be relayed through dispatchers to reach the technical experts
for resolution. This process often leads to untimely, incomplete, or even misdirected
problem resolution. During the early, high-complexity phase where technical issues
frequently arise, this model imposes substantial challenges on project execution.
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Fig. 3. Typical WBS Decomposition Structure for a Project’s Critical Phase

3.2 Core Architecture of the Technology-Driven Project Management
Model

This paper proposes a Technology-Driven Project Management Model (TDPMM),
which shifts from a dispatcher-centric to a technical expert—centric approach during
critical phases of complex, high-uncertainty projects. Under TDPMM, planning, mon-
itoring, and adaptive adjustments are guided by technical experts through forward-look-
ing risk anticipation and proactive problem prevention.

Empowering technically skilled individuals—particularly those with strong systems
thinking and coordination abilities—as central decision-makers enhances execution ef-
ficiency, shortens communication chains, and strengthens risk control. Their leadership
is especially valuable in early project stages, where uncertainty is highest. Selecting
and deeply engaging such experts based on individual competencies can significantly
improve project outcomes in technology-intensive contexts.

Analysis of the WBS diagram (Figure 3) indicates that the functions of dispatchers
and planners can be fully integrated into a core project team composed of technical
experts. This integration can significantly streamline the issue feedback and directive
transmission process, enabling technical experts to directly assume the role of project
drivers. They can directly receive objectives and requirements from senior project man-
agement, precisely understand the technical context, and rapidly decompose these into
executable tasks and work instructions. This ensures a smooth transformation from stra-
tegic requirements to tactical actions, substantially boosting work efficiency. This
transformation directly alters the WBS structure, as depicted in Figure 4.

As seen in Figure 4, restructuring the project management core around a technical
expert team streamlines the WBS structure by eliminating the separate planning/coor-
dination layer, resulting in a significantly flatter management model. This core project
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management team, led by technical experts, can effectively enhance product manufac-
turing efficiency.
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Fig. 4. Technician-Led Project Management Model

From an Execution Perspective: Problems reported by workstations can reach the
technical expert-led project team directly. The team can immediately assess the nature
of the problem and rapidly identify solutions without dispatcher intermediation. This
dramatically improves problem response speed and resolution accuracy.

From an Organizational Perspective: Directives and ad-hoc critical tasks from senior
management can be precisely understood and rapidly responded to at the technical
source. This avoids the information attenuation or misinterpretation possible through
coordinator relay, ensuring strong alignment between technical work and project ob-
jectives.Large-scale complex projects are highly susceptible to unforeseen problems
and dynamic changes in tasks and conditions during execution. Therefore, establishing
a core project management team centered on technical experts within key project exe-
cution departments can significantly enhance overall project management efficiency
and effectiveness, effectively accelerating the achievement of project objectives.

3.3  Practical Application and Results of the Technology-Driven Project
Management Model

The Technology-Driven Project Management Model proposed in this paper was imple-
mented in a key complex project at a large enterprise. This pilot project was a large-
scale endeavor characterized by high innovation and significant technical challenges.
Initially employing the traditional coordination-led model, the project encountered se-
vere difficulties in technical realization, process management, and quality assurance
due to the extensive use of new technologies and methods, resulting in substantial
schedule delays. Following in-depth analysis and evaluation, senior project manage-
ment decided to pilot the formation of a new project team, with a technical expert team
as the management core, within the project’s key execution department.

Practical results demonstrated:

1) Streamlining and flattening of the WBS network structure directly led to improved
management efficiency.

2) Project execution efficiency was significantly enhanced.
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3) Outstanding effectiveness in breaking through major technical bottlenecks (e.g.,
successfully resolving multiple critical challenges related to cross-system interfaces
and new technology integration).

4) Marked improvement in the response capability and problem-solving efficiency
of the core execution department when handling high-uncertainty tasks, strongly sup-
porting the overall project advancement.

4 Conclusion

In complex, innovation-intensive environments, organizations need adaptive project
management approaches. This study proposes a Technology-Driven Project Manage-
ment Model (TDPMM), which embeds technical experts into core decision-making to
align technical and managerial logic.

A single-case analysis suggests TDPMM may improve technology roadmap feasi-
bility, enable rapid resolution of technical issues, and enhance cross-functional collab-
oration—potentially accelerating progress on high-complexity projects. However, the
absence of quantitative performance data, a control group, or comparative benchmarks
limits causal inference. Firm-specific factors cannot be ruled out, and the model’s ap-
plicability to smaller or less innovative projects remains untested.

Theoretically, the work engages limitedly with recent literature on engineering lead-
ership and technology governance, and lacks comparison with existing tech-integrated
frameworks (e.g., systems engineering or platform-based development models). More-
over, the hypothesized mechanism—*“information attenuation due to scheduling inter-
mediaries”—was not empirically validated. Future research could test this via commu-
nication logs, decision latency tracking, or information-flow network analysis.

TDPMM offers a promising shift toward technology-led governance, but its gener-
alizability requires validation through multi-case and cross-context studies.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
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source, provide a link to the Creative Commons license and indicate if changes were made.
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permission directly from the copyright holder.
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