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Abstract

The persistence of complexity, distributed ownership, and continuing architectural reorganization in
the contemporary digital platform ecology suggest that previous models for program execution based
on centralization and pre-ordained assumptions represent misaligned and structurally inadequate
models. Emergent coordination represents a more empirically grounded and structurally elegant
alternative. Emergent coordination identifies as the necessary structural conditions for coherent
adaptation not an exogenous design scheme but rather modularity, feedback, and decision latency
management. The framework reconciles earlier research on adaptive systems theory, organizational
loose coupling, and system dynamics and reconfigures execution governance as an adaptive feedback
process rather than achieving fixed contractual closure. Large infrastructure delivery and product
innovation studies show that plan-dependent execution always leads to uncontrolled cost overruns,
schedule delays, and value shortfalls spanning decades, country contexts, and various project types.
First, without dynamic complexity, nonlinear feedback, or temporal distance, conventional
governance instruments are structurally inadequate to address platform environments. Emergent
coordination resolves this inadequacy by shifting the design logic from control enforcement to
structural enablement. Emergent coordination relies on the structural foundations of modular
decomposition, feedback control, and a decentralized locus of decision authority for sustaining
coherence of execution under conditions of uncertainty.

Keywords: Emergent Coordination, Adaptive Execution, Platform-Based Systems, Decision Latency
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1. Introduction

These platforms pose difficulties to many assumptions about system execution, ownership
distribution, and architectural change. For example, the execution models used to understand
programs and systems have customarily been based on the task sequence being known in advance, the
plan being a linear sequence of actions performed in a centralized fashion, and the dependencies
between tasks being fixed, and their execution being modified by integration and interaction with
external systems.

Plan-driven approaches are a potential liability in an uncertain environment. An empirical study of 72
product development projects in 36 firms in the US, Europe, and Asia found that customary
compression-based strategies, which relied heavily on upfront planning, on supplier involvement, and
on computer-aided design, were negatively (or not considerably) associated with the speed of
development [1]. In contrast, products that were launched six months late with no overrun in the
development costs earned 33 percent less profit over five years than products that were launched on
time. Detailed and careful planning slowed down product development. Products that employed
iterative experiential methods (e.g., designs that are iterated multiple times, alternative designs,
design milestones, and wide-ranging user testing) were considerably faster [1]. These results stand in
contrast to the assumption that sequential, systematic planning can produce superior execution
outcomes in uncertain and fast-paced environments.

Such execution assumptions, particularly at scale, have deep consequences: nine out of 10 large-scale
infrastructure programs have cost overruns of 50 percent or more in real terms, which have been
observed to be particularly common in large-scale infrastructure and technology programs [2]. The
global annual cost of megaprojects has been estimated at USD 6 to 9 trillion, with the cost estimated
at about 8 percent of global GDP. Unfortunately, the 70 years of data with a consistent approach to
project appraisal have shown an average 44.7 percent cost overrun combined with a 51.4 percent
shortfall in demand for the 90 rail projects studied, illustrating the challenge involved in applying
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deterministic models. It confirms what some have called the "iron law of megaprojects": over budget,
over time, over and over again, and as true globally as across sectors and types of projects [2].

On the production side, empirical findings from product-level innovation and large program studies
show that fixed planning assumptions increase execution risk, which is countered by emergent
coordination. The emergent coordination capability is based on structural properties such as
modularity, feedback responsiveness, and distributing decision-making authority. This also provides
the theoretical underpinnings for understanding the emergence of coherent adaptation in complex
digital platform ecosystems without assuming some kind of centralized and prescriptive planning
process, which the empirical record also shows to be inadequate.

2. Related Work and Theoretical Positioning

Emergent coordination theory is nested within several pre-existing theoretical frameworks. Simon's
(1980) work on bounded rationality and near-decomposable systems shed light on how clever
adaptive systems reach objective coherence through satisficing, rather than optimization, and how
hierarchically modular structures in complex systems are not designed but are an invariant feature of
any such system [3]. Orton and Weick's (1990) theorization of loose coupling helped transpose that
background to organizational settings. By synthesizing about 300 sources, they showed that loosely
coupled systems simultaneously preserve responsiveness and distinctiveness, the dialectical condition
that emergent coordination identifies as structurally essential for platform-based execution [4].

The system dynamics literature added temporal and feedback constructs, showing that policies
resistant to change (Sterman 2000, 2002), stock-and-flow accumulation, and feedback delay
misperception are structural, not managerial, governance failures representative of complex dynamic
systems [5][8]. Grosser (2017) built further on these characteristics to distinguish dynamic complexity
from complication: he provided a formal characterization of a set of platform execution environments
as intervention-resistant systems requiring adaptive (not prescriptive) governance [6]. Flyvbjerg's
(2002, 2014) large-sample evidence on infrastructure economics shows that deterministic assumptions
produce systemic and persistent execution failure within countries regardless of geography or project
type [2][9]. These contributions together suggest that emergent coordination is not simply a new claim
but rather the theoretical integration of adaptive systems theory, organizational loose coupling, and
system dynamics into a unified governance framework for complex digital platforms. .

3. Theoretical Foundations of Emergent Coordination

Emergent coordination draws on research on clever adaptive systems, organizational theory and
structures for interaction within complex adaptive systems. The concept was pioneered by Simon
(1980), who argued, initially for adaptive systems and then for organizations, that coherent collective
behavior does not result from optimization but from satisfying within the limits of bounded rationality
and changing circumstances [3]. According to Simon, three timescales exist for adaptation within
such systems: short-term, or adaptation in the problem-solving process; medium-term, or the storage
of adaptations in the results of the problem-solving process for use in future instances; and long-term,
or the gradual modification of the system through evolution. Simon's understanding of adaptation can
be applied to the management of digital platforms as a continuing process of recalibration through
environmental feedback and structural constraints, rather than a set goal achieved through prior
planning.

Simon further argued that complex adaptive systems tend toward near decomposability, in which the
rate of interaction among system components is much higher than the rate of interaction between its
components and its external environment [3]. This organization has important implications for
execution on platforms. Near decomposability resulted in structures that contained localized
perturbations, which were parallelly adaptive and which preserved the system's elements in coherence
without the need for coordination. Simon argued that the hierarchical, quasi-modular organization,
seemingly present in all large systems, was not a result of external imposition but an invariant
outcome of complexity itself.

More recent organizational studies have continued to apply the theory to explore how loose coupling
acts as a structural property and an organizing mechanism in complex systems. Orton and Weick

3026



ISSN: 2096-3246
Volume 58, Issue 03, 2026

(1990), after reviewing 300 articles on loose coupling, listed five themes for how loose coupling
operates: causation, typology, direct effects, compensations, and organizational outcomes [4].
Loosely coupled systems therefore exhibit three key direct effects: modularity, requisite variety, and
discretion. Each eases localized adaptation within a larger system without disrupting the system.
Modularity constrains pathological interdependencies. Requisite variety allows for accurate
registration of inputs and outputs. Finally, discretion at multiple levels allows for distributed decision-
making in uncertain environments and the ability to be responsive.

Most importantly, Orton and Weick (1990) made clear that loose coupling, if it is to have any
explanatory value, is about achieving the simultaneous creation of responsiveness and distinctiveness
within the same system. A tightly coupled system sacrifices distinctiveness for responsiveness; a
decoupled system sacrifices responsiveness for distinctiveness [4]. This suggests that a loosely
coupled system preserves both of these conditions, which is necessary for emergent coordination in
platform-based contexts. The organizational outcomes of persistence, buffering, adaptability, and
effectiveness identified in the studies suggest that the quality of coordination in platform-based
systems is not wrought through the elimination of structural looseness, but rather in identifying
specific coupling and decoupling mechanisms. This theoretical reorientation has direct implications
for the design of execution frameworks: governance needs to accommodate structured
interdependence as well as local autonomy, rather than being predominantly centralized or
decentralized.

Concept Scholar | What It Means Governance Takeaway
Satisficing and | .. Systems achieve coherent behavior Gov_ernance should support
Simon Co . flexible, context-driven
Bounded by finding workable solutions, not . .
. . (1980) - decisions rather than rigid plan
Rationality optimal ones
adherence
Complex systems naturally form | Modular platform design limits
Near- . : . . .
Decomposabilit Simon modula_r, hlergrchlcal_ structures Q|sruptlon and _ allows
(1980) where internal interactions outpace | independent adaptation across
y external ones units
Loose Coupling | Orton and | Loosely coupled systems produce GO\_/e_rnance must preserve_local
. . . . L decision  authority  without
— Direct | Weick modularity, variety, and distributed breakin svstem-wide
Effects (1990) discretion g y
coherence
Loose coupling uniquely maintains
Responsiveness | Orton and | both independence and | Platform governance requires a
and Weick responsiveness — tight or fully | balance between centralized
Distinctiveness | (1990) decoupled systems lose one or the | structure and local autonomy
other
Adaptability and effectiveness | Coordination quality depends
L Orton and ; . . .
Organizational Weick come from understanding coupling | on designing for coexistence of
Outcomes (1990) patterns, not removing structural | interdependence and
looseness independence

Table 1: Theoretical Foundations and Governance Implications of Emergent Coordination [3, 4].

4. Adaptive Execution Dynamics

Execution occurs in platform settings, plans are generally not deterministic but directional, and
coordination is dynamically generated through cycles of action, feedback, and reevaluation. The non-
linear nature of these systems can emerge as a result of the embedding of actor teams in larger
systems and their response to local constraints. Sterman (2002) refers to the difficulty of practical
adaptation to such systems as policy resistance, i.e. failure of an intervention due to the system's
response to it [5]. In platform-based execution, fixing a bug may have side effects with other
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interdependent parts of the program, resulting in new misalignments and the problem continuing to
occur.

This resistance forms due to the counterintuitive behavior that arises from the feedback, time delays,
non-linearity, and accumulations in stocks and flows of interrelated systems [5]. As demonstrated by
Sterman (2002), in even the most structurally simple interrelated systems, subjects will generate
dysfunctional results. For example, in experimental studies of supply chain systems, the average cost
was 10 times higher than the optimal level because of mismanagement of feedback and time delays
[5]. An important implication for the steering of execution in digital platform ecosystems is that, due
to long and distorted feedback loops or event-level instead of systemic mental models, decision-
makers underappreciate delays and indirect consequences of coordination stances. For example, in
cases where feedback loops cover one or multiple full project lifecycles (as in the automobile leasing
case), the consequences of decisions usually amass until corrective action is unavoidably costly [5].

Building on this, Grosser (2017) provides a formal definition of a dynamically complex system as one
in which the elements of the system vary over time, interact through strong feedback, have nonlinear
dependencies, and would yield counterintuitive and intervention-resistant behavior [6]. This stands in
contrast with a merely complicated system. Also, for platform-based execution environments, all
these criteria are usually fulfilled: interdependencies among interacting components are usually of a
continuously shifting nature, feedback loops usually have nonlinear characteristics, and closed-loop
interventions to fix a gap are usually followed by long-range consequences that impact other
components (Grosser, 2017). An additional characteristic of dynamically complex systems is that
their long-range consequences are usually systematically different from their short-range
consequences, which is a reason why such a state of affairs renders static execution reviews
structurally inadequate governance instruments [6].

Thus, the governance structures that manage feedback dynamics are also an essential aspect of
adaptive execution. Sterman (2002) shows that the feedback loop's process-improvement half-life, the
time taken to reduce process defects by 50 percent, varies from a few months for a simple, well-
defined process with a short cycle time to several years for complex processes such as product
development. [5] This range directly determines the minimum feedback resolution needed for
adaptive execution. Governance intervals should be based on the feedback time scale of a process, not
on the convenience of regulatory gateways. Where the process feedback cycles are slow and the half-
life for a correction is a multiple of the planning cycle time, the adaptive execution systems must
include structural features for early signaling, intermediate course correction, and incremental
stabilization. These systems are always operating in iterative loops of action, feedback, correction,
and reorientation.

Concept Scholar | What It Means Platform Execution Implication

Execution  governance  must
anticipate system-level responses
to corrective actions, not just the

Interventions fail when the system
reacts to the fix in ways that recreate
or worsen the original problem

Policy Sterman
Resistance (2002)

action itself
Feedback, time delays, non-linearity, | Governance cannot rely on
Dynamic Sterman | and stock-flow accumulation | intuitive mental models —
Complexity (2002) produce counterintuitive outcomes | structural tools for tracking
even in simple systems feedback and delays are essential
. D)_/ngmlcally complex systems have Short-term  fixes must be
Intervention- . shifting  interdependencies  and . .
. Grosser . evaluated for their systemic, long-
Resistant nonlinear feedback that cause
. (2017) : . . term effects before
Behavior interventions to produce unintended | . .
| implementation
ong-range consequences
The long-range consequences of | Static, snapshot-based execution
Short-run vs. ; - . .
Grosser | decisions in complex systems are | reviews are structurally
Long-run . . A
Divergence (2017) systematically different from their | inadequate — governance must

immediate effects account for temporal divergence
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The time required to reduce process
defects by half varies from months
for simple processes to years for

complex ones such as product
development

Governance intervals must align
with actual process feedback
cycles, not administrative
convenience

Process
Improvement
Half-Life

Sterman
(2002)

Table 2: System Dynamics Principles and Their Implications for Adaptive Execution Governance [5,
6].

4. Structural Conditions Enabling Emergence

Emergent coordination does not occur in unstructured environments. When applied to digital platform
environments, three structural features become prominent: modularity, feedback loops, and decision
latency management. Each is not merely a design feature but part of an overall governance
architecture that allows for execution to occur adaptively without centralized decision-making.

Modularity is the first structural condition involving a control of the degree of interdependence among
the components. Janssen et al. (2015) claim and validate that hierarchical modular systems share 2
core properties that provide a powerful heuristic for understanding and innovating in complex
adaptive systems: stronger internal coupling of subsystems relative to other subsystems at the same
level of hierarchy and the ability to generate a large number of configurations with a limited type of
components [7]. Loose coupling within modular architectures is horizontal: subsystems are largely
independent from the internal workings of adjacent subsystems. There is also vertical loose coupling,
where processes at different scales are not dependent on the coordination of processes at other scales
[7]. In applying this to platform-based execution, this property enables localized changes to the
structure to not cascade to greater system instability. Such modular decomposition improves
responsiveness to change as the component vocabularies of existing and intended structures overlap,
and the cost of incremental recombination is substantially less than that of wholesale redesign [7].

Feedback loops are the second structural condition. The sensors and the actuators through which
feedback signals are obtained and sent out provide the means through which execution trajectories are
continually corrected. Sterman (2000) shows that misunderstanding feedback, or feedback dynamics,
is one of the leading causes of policy resistance in complex systems and unwanted counterintuitive
outcomes of apparently well-intended interventions (Sterman, 2000) [8]. In another study on a single
product and with a simple customer-supplier structure, average costs were 10 times greater than
optimal purely as a function of misperception of feedback structure and mismanagement of time
delays [8]. With respect to stock-and-flow effects, it was shown that even for technical graduate
students, only 46% of correct answers were given for simple stock-flow inference questions, which
indicates the inadequacy of intuitive modeling for accumulation and time delay effects [8]. The same
conclusion also applies to execution contexts: event-level open-loop governance here (as opposed to
closed-loop governance in which the unit of time/scale duration and the context of accumulation are
accounted for) is bound to misperceive the execution state and intervene in a way that worsens the
alignment.

The temporal perspective is linked to the decision latency management. Sterman (2000) observed that
delays in feedback channels make fluctuation and oscillation in systems arise, because decision-
makers keep intervening instead of letting the sufficient corrective action have its feedback effect and
settle down [8]. In complex systems like the automobile leasing example, decisions often take years
to show their implications in the market. In this example, this effect has proven to take up to 5 years
before it is visible in the market [8]. To minimize the latency of decision-making, it was required both
structural and functional distribution of decision-making, but also need to create and maintain shared
representations to ease consistent collaborative understanding across distributed teams of execution
agents. When this is achieved, coordination is automatically achieved (rather than through hierarchy),
and the implementation loop proceeds as a continual cycle of action, feedback, modification, and
stabilization.

Structural

Condition Scholar | Metric Implication

Modularity | Janssen |2 core properties: stronger internal | Reduces cascading instability
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Feedback Sterman | optimal level due to feedback expc)acutionp gstate and  worsens
Mechanisms | (2000) | misperception and  time delay | """
. misalignment
mismanagement
Cognitive Graduate-level participants achieved _Intumve mental models are
-2 Sterman inadequate for systems with
Limits  on only 46% accuracy on stock-flow . .
(2000) | . accumulation  dynamics and
Feedback inference tasks
delayed feedback
Decision Feedback delay mismanagement drove Closed—!oop __governance
Sterman . . . accounting for time delays is
Latency costs to 10 times optimal in controlled - .
(2000) . . essential for accurate execution
Management simulations response

Table 3: Quantitative Evidence for Structural Conditions Enabling Emergent Coordination [7, 8].

5. Contrast with customary execution models

The assumptions that pervade customary program execution models around determinism, centralized
control, and fidelity with definitional intentions in bounded, steady-state environments do not extend
to platform-based systems that are defined by continuous change and decentralized ownership. . The
structural deficiencies of deterministic planning can be demonstrated by the example of large-scale
infrastructure projects such as transport infrastructure. In a sample of 258 transport infrastructure
projects with a total value of USD 90 billion, infrastructure costs were underestimated in 90% of the
cases. Overall cost overruns are 28% on average higher than the estimated cost at the time a decision
to build was made [9]. Furthermore, the distribution of cost overruns never produces an
underestimation of the cost. That is, the real cost is higher than the estimated cost with 86%
probability (p<0.001), regardless of project type, region or period, over 70 years [9]. The average cost
overrun was 44.7% for rails, 33.8% for fixed links, and 20.4% for roads. Underlying causes for
deterministic cost-overrun assumptions are the complexity of the technology and the complexity of
the execution environment [9]. This pattern is not becoming less common over time: the degree of
underestimation remains at approximately the same order of magnitude as it did decades ago. This
suggests that inflexible planning processes can be regarded as a self-reinforcing mechanism and that
the problem is not purely technical in nature [9].

Emergent coordination shifts the conversation to enabling coordination. We don't resolve uncertainty
completely upfront. Instead, we make the execution process adapt more coherently and prevent failure
modes that cause common collapse, replacing them with locally contained changes. Giving further
context to the constraints of the customary models is the way in which program success is measured.
For at least 50 years the construction and project management profession has measured project
success in relation to the Iron Triangle, which is based on the triple constraints of cost, time, and
quality. However, Atkinson (1999) states that cost and time are "two best guesses" calculated at the
point when least is known about the project and that quality is a phenomenon reflecting divergent
views by stakeholders rather than a fixed, measurable output [10]. Projects evaluated against the
delivery-stage Iron Triangle criteria may meet time, cost, quality, and scope constraints but not deliver
benefits to the organization, user adoption, or planned value observable only in the post-
implementation stage [10]. Atkinson's Square Route (SR) framework enhances the traditional Iron
Triangle criteria for assessing project success by incorporating technical quality, direct business
benefits from improved efficiency and effectiveness, increased user acceptance, and overall
organizational learning [10]. This extended governance framework exactly mirrors those of emergent
coordination, since both reject the adequacy of snapshot and delivery-stage assessment and advocate
sustained, multi-horizon evaluation of execution outcomes.

These models have practical implications: evidence from infrastructure planning indicates that
deterministic assumptions about execution lead to systematically distorted cost estimates and the
chronic misallocation of public and private resources [9]. Another possible solution to the first failure
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mode is to reason over higher-level success criteria instead. This makes it difficult to know how much
value is lost, even in programs that appear "on-time, on-budget." Adaptive governance is the

structural basis for resolving both issues through the use of modularity, feedback, and distributed
decision-making.

Cost Overrun Rates Across Project Types

Average costoverrun — Roads [ 20.40%
Average cost overrun — Fixed Links [N 33.80%
Average costoverrun — Rail [ 44.70%
Overall average cost overrun [ 28%
Probability of actual cost exceeding e s6%

estimated cost

Projects with underestimated costs [ IN—_— 0%

0% 20% 40% 60% 80% 100%
Figure 1: Cost Overrun Rates Across Project Types [9, 10].

Conclusion

For example, in complex digital platform environments, deterministic program models, which assume
fixed dependencies, predictable outcomes and centralized, hierarchical control, do not work. The
evidence in product development, infrastructure delivery, and organizational theory is conclusive.
Execution risk is high. Cost and schedule overruns are systemic. Even when requirements are
nominally met at project delivery, value is not delivered. Another theoretically and empirically
grounded alternative is emergent coordination, through which coherence can emerge in a complex
distributed system based on modularity, feedback, and decision latency. Modularity constrains the
impact of a local perturbation on other parts of the system, allowing the system to adapt independently
and without destabilizing its entire structure. Effective governance utilizes feedback loops to learn and
adjust execution trajectories. It acknowledges that event-level, open-loop feedback is structurally
misleading because of latency and aggregation effects. It uses decentralized authorization privileges to
the threshold of information recognition to control latency and to minimize overshoots and oscillation
caused by temporal propagation of decisions through the hierarchy. These governance implications
are practically significant: achieving program success involves not only delivering on time and within
budget but also ensuring the required quality of the deliverables. In the context of enabling structures,
program success may be regarded as a matter of achieving the desired organizational, systemic, and
stakeholder outcomes. Hence, the implications of the reconceptualization of success for platform-
enabled businesses are that enabling structures are more important than control. They also argue that
adequate structural conditions for continual adjustment are necessary for sustained coherence of
execution, not fixed plans.
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