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Self-synchronization as additional approach to traditional C2 
A.R Eikelboom, J.T van de Kuijt, R. Benda, R. Pieneman, I.E. van Bemmel 

 

 

ABSTRACT 

The aim of this study is to provide further insight into the concept of self-synchronization and to 

explore the possible implications of adopting this alternative approach to traditional hierarchical C2. 

The central question is: How to continue the function of command and control1 without hierarchical 

commanding of entities? First, the C2 function is explored, including its sub-functions (leadership, 

control, decision making and attune2) and underlying principles (continuity, clarity, unity and 

integration). Subsequently, self-synchronization is explored, as this could prove to be a useful concept 

to diminish hierarchy and to allocate more decision rights down to field level. According to Albert & 

Hayes (2003) self-synchronization is described as the operating of entities in the absence of traditional 

entities for C2. To assess self-synchronization and the implications for the function of C2, this study 

analyses self-synchronization in terms of characteristics, composition, enablers and challenges. 

Improved insights on how to adopt self-synchronization helps identifying new opportunities for future 

implementation of the C2 function, which will increase C2 agility. This research is conducted within 

the Dutch research program NetForce Command and the Multinational Capability Development 

Campaign (MCDC) Information Age C2 project, cycle 2017-2018. Both look at self-synchronisation as 

possible alternative approaches to traditional hierarchical C2. 

 

Keywords: C2 approach, self-synchronization, agility,   

                                                           
1 Within current NLD military doctrine publications, command (dutch: het commando) is described as the 

authority (given to a commander) to lead allocated units, decide about their deployment and to control. 

Meaning that ‘to command’ (dutch: commandovoering) is explained as the art of decision making, transferring 

intent and imposing ones will onto subordinate units. Note that within an international context command is 

often denoted as command and control (C2). 
2 Attune entails all internal and external coordinating efforts to generate effectively the entirety of available 
capability (Ascalon – NLD future land operating concept, Version 4.01 (December 2017)) 
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1. INTRODUCTION 
 
Today’s world can be characterized as highly dynamic, uncertain and complex. Operations directed at 

peer and near-peer, state or non-state actors will encounter strategies that are operationalized 

through highly connected networked settings, exploiting new opportunities and technological 

advance. This will lead to more global and hybrid battle spaces. Operating in these global and hybrid 

battle spaces, puts high demands on a military organization. To be more specific, the conduct of 

operations increasingly demands for a higher operational tempo, integration of different instruments 

of power3 and a high(er) degree of autonomy in the field. Moreover, the assumption is that future 

operating environments also demand a high(er) level of adaptivity from an armed force or a (civil-) 

military coalition. This implies that the C2 function is required to display a high(er) level of adaptivity 

as well. Current implementations of the C2 function are heavily based on hierarchal organizational 

structures, processes and procedures. However, hierarchical command and control (even when 

applying Mission Command) is becoming a major impediment in operations. Considering the demands 

of the future operating environment, it is likely that the hierarchically oriented implementation of 

command and control will no longer meet the leadership, decision making and control requirements 

of successfully performing C2. Several underlying reasons exists for this ineffectiveness: 

 

1. The traditional hierarchical approach to command and control is based on a fixed world that 

can be easily influenced and shaped. However, armed conflicts are rather complex and 

multifaceted and are becoming more hybrid and dynamic; 

2. The traditional hierarchical approach to command and control limits the ability to be adaptive 

because the decision making process takes too long; 

3. High (military) organizational levels lack a sufficient amount of situational awareness and 

understanding to achieve desired tactical effects because in complex operational 

environments information is often derived bottom-up, from the field; 

4. Future operating environments will consist of both military and non-military elements. Non-

military actors cannot be commanded in a traditional hierarchical way, which means that a 

new C2 model is necessary;  

5. The contemporary interpretation of control is based on the assumption that an operational 

environment that can be controlled and is manageable. However, considering the complexity 

and dynamics of operational environments this is not everywhere and always realistic. 

 

The challenges of a hierarchical implementation of C2 is persistent across all environments and 

circumstances as deep uncertainty, high complexity and rapid change are part of the enduring nature 

of warfare. This implies that C2 changes need to be made in order not to become outdated, outpaced, 

outmanoeuvred and outsmarted. Meaning that the development of a new C2 approach which is able 

to meet the demands of today’s and foreseen battlespaces is paramount. This new approach should 

allow adaptive responses that can keep up with the operational tempo, by empowering field level. 

This includes the delegation of more decision making authority (rights) to field level. 

 

The Dutch research program NetForce Command looks at these possible alternative approaches to 

traditional hierarchical C2. It looks at different NetForce manifestations, varying from maximum self-

synchronization to maximum orchestration of the networked coalition (Van Bemmel et al., 2017). 

Maximum self-synchronization can be described as total delegation of authority to the entities in the 

field. Maximum orchestration resembles the traditional hierarchical organization, with lower degrees 

                                                           
3 For example, military, social, economic and diplomatic instruments  
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of delegation of authority to field level. The scale is depicted in Figure 1. It represents a scale of the 

level of delegation of authority.  

 
Figure 1: Scale from maximum self-synchronization to maximum orchestration 

The assessment on maximum self-synchronization as an alternative approach to traditional C2 is 

subject of this study. Self-synchronization is the ability of a networked coalition to organize and 

synchronize activities bottom up. It thereby replaces C2 structures and command relationships with a 

functional (instead of formal) hierarchy.4 To assess the implementation of self-synchronization as an 

alternative C2 approach, it is important to thoroughly understand the concept, including its underlying 

mechanisms and sub-concepts, required enablers and preconditions, and inherent challenges. This 

paper captures the results of the investigation which explored the latter aspects. More specifically, 

we will delve more deeply into the possible implications for adopting the concept of self-

synchronization as an alternative approach to the traditional hierarchical C2 approach when operating 

in a highly connected, networked environment. Traditionally, the function of C2, including its sub-

functions, is embedded in a hierarchical organization structure with an implementation of C2 and 

corresponding decision authority at every level. In the context of self-synchronization, however, the 

C2 function is implemented at field level. The question remains what the impact on the C2 function 

will be in an organisation without a formal hierarchy.  

 

This paper is based on a literature review of both academic and professional literature, and input from 

both scientific and military Subject Matter Experts (SME’s). The paper starts with the investigation of 

the C2 function itself, including its sub-functions and underlying principles. Section 3 continues with 

an exploration of self-synchronization in terms of characteristics, composition, enablers and 

challenges. A literature review was performed on the key elements of self-synchronization, key 

enablers that promote self-synchronization, and its challenges. It is acknowledged that there are many 

enablers of the concept depending on the context. However, we choose to elaborate on the most 

important conditions that promote self-synchronization. Section 4 presents the implications for C2 

with regard to maximum self-synchronization and section 5 provides considerations regarding the 

principles of command when conducting self-synchronisation. This paper will finish with the main 

conclusions and way ahead for the implementation of self-synchronisation as an additional approach 

to traditional hierarchical C2. 

 

                                                           
4 A functional hierarchy emerges based on functional relationships at that specific moment, e.g. an emergent 
leader of an ad hoc collaboration based on specific expertise and not rank. A formal hierarch is embedded in 
the organizational structure or in the rank of the persons involved. 
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2. COMMAND AND CONTROL FUNCTION 
 
The command and control function could be described as the function which enables a military 

organization to direct and manage its efforts in order to reach its objective(s). Before designing a new 

implementation of the C2 function, it is worth investigating whether or not the C2 function should be 

based on a (partially) different set of underlying principles. With regard to the current set of principles, 

NLD military doctrine states that the C2 function is based on the following four guiding principles: 1) 

unity, 2) continuity, 3) integration and 4) clarity. We assume that, to successfully apply self-

synchronisation as an alternative C2 approach and thus to allocate the function of C2 to the lowest 

level, these guiding principles still stand. Meaning that self-synchronization needs to comply to these 

four principles. The four guiding principles are described as follows in the current NLD military doctrine 

(Ministry of Defence, 2012): 

1. Unity: the principle of unified leadership in order to reach unity of effort. Unity of effort aims 

to establish cohesion in the planning and execution of military operations designed to achieve 

a common goal (unity of purpose). 

2. Continuity: the principle which says that a continuous process of activities in time and place 

must be assured throughout the entire duration of the operation or campaign.  

3. Integration: the principle which argues that all components, supporting elements and 

capacities which are contributing to the operation must be integrated in a joint structure in 

order to achieve the operational objectives.  

4. Clarity: the principle which says that relationships must be properly established and that there 

is a need for clear delineation between the various roles and responsibilities in the chain.  

 

Within the context of the Dutch future land operating concept (Ascalon v4.01, 2017), the C2 function 

is one of the six combat functions. The other functions being shield, sense, affect, sustain and attune. 

The latter (and recently added) attune function, which entails all internal and external coordinating 

efforts, is crucial within operating concepts that feature NCW/NCO/NEC principles, such as the 

NetForce operating concept and thus self-synchronisation. For the sake of this paper it is argued that 

the attune function is therefore a sub-function of the C2 function. Hence, in this paper attune will be 

positioned as a sub-function of the C2 function The following sub-functions of C2 were derived from 

current NLD Military doctrine publications: 

1. Leading: the function which enables the purposely influencing of the behaviour of others in 

order to, by the use of own efforts, achieve the set objective. 

2. Decision making: the function which enables the orientation, assessment and subsequent 

decision making concerning various courses of action5 in order to achieve the set objective, 

in support of a higher (commander’s) intent.  

3. Control: the function which enables the organization, direction and coordination of 

subordinate or supporting units, systems and/or platforms. 

4. Attune: the function which enables all internal and external coordination and harmonization 

efforts to generate all the capacity available. 

 

It is likely that the implementation of these functions will need a redesign because the current ones 

are not expected to meet future requirements, like self-synchronisation. The remainder of this paper 

will research how these functions are affected and what needs to be adjusted to fit future 

requirements. But first, the concept of self-synchronization is explained in more detail. 

 

                                                           
5 Within current military organizations this function is usually implemented as a planning process. 
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3. SELF-SYNCHRONIZATION 
 
Self-synchronisation takes place in a coalition of nodes. A node is defined as is the minimal 

autonomously acting civilian or military capability and is able to perform the understand, prioritize, 

harmonize and execute loops on its own. A node may be an individual (hacker, troller, diplomat) or 

team (infantry platoon, EOD unit, team of engineers). Each node is a representative of a military or 

civilian actor e.g. the Netherlands ministry of Defence, whom may contribute to the coalition with one 

or more nodes. A military node may for instance be a company or a platoon, but probably not an 

individual soldier. The size of a node is relative with its environment. If nodes differ too much, the 

biggest node will probably no longer be perceived as one node by the smaller node(s). 

 

Albert and Hayes (2003) describe self-synchronization as the operating of entities in the absence of 

traditional hierarchical mechanisms for command and control. According to the definition of 

Cebrowski and Gartska (1998), self-synchronization is the ability of a well-informed force to organize 

and synchronize complex warfare activities bottom up. The enablers are trust, the ability to adapt, a 

high level of knowledge of own and enemy capabilities and the operating environment, and shared 

mental models. It is the ability of a force to act in a manner, coordinated in intent, time, and space 

with other battlespace entities, both civilian and military, without being ordered to do so specifically 

(Gonzales 2005). In other words, the basic idea of self-synchronization is to push decision making 

authority down to the entities in the field and thereby replacing the traditional hierarchical approach 

to command and control. 

 

According to Alberts, Gartska, and Stein (1999), the key elements of self-synchronization are two or 

more networked nodes (agents), shared situational awareness, a common rule set, and interaction 

(see Figure 2). The combination of a common rule set and shared situational awareness, enables the 

nodes in the network to (co)operate in the absence of traditional hierarchical command and control 

mechanisms. However, in operations with many different civil and military entities, the possibility 

exists that the required common rule set will not be present because of potential fundamental 

differences among nodes, such as cultural and organizational differences and differences in mandates, 

goals and objectives. It may therefore be a challenge to achieve self-synchronization, as defined 

above. 

 

 
Figure 2: Self-synchronization interaction, source: Alberts, Gartska, and Stein (1999) 
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Self-synchronisation is also described by Alberts, Huber and Moffat (2010) in Edge C2 as part of the 

C2 approach space depicted in Figure 3. Edge C2 is a C2 approach in which the entities are engaged to 

the collective effectiveness with self-synchronization of the collective and self-organization of each 

entity to achieve common intent. The C2 related tasks that are required for Edge C2 are shared intent, 

awareness and understanding. However, in a complex operational environment with many different 

nodes, shared awareness and shared understanding might never be fully reached. Note that it is 

almost impossible to reach shared awareness in a hierarchical C2 structure that consist of military 

nodes alone. The presence of military and non-military nodes with different backgrounds, e.g. cultural 

or organisational, and different points of view further complicates shared intent, awareness and 

understanding.  

 

 
 

Figure 3: C2 Approaches as regions in the C2 Approach Space  

Self-synchronization, as described in the previous two paragraphs6, gives the impression that 

conditions like shared situational understanding and a common rule-set are a necessity for effective 

self-synchronisation. However, in a complex operating environment with many different nodes with 

different beliefs, cultures and values, it seems unlikely that self-synchronisation will occur as an 

effective mode of operation. And yet we see examples of effective self-synchronization in other 

contexts, such as self-organizing teams in Dutch health care7 (Roelofs et al., 2017), even though they 

do not always share the same rule-set or have shared situational understanding. So, although shared 

situational understanding will probably facilitate self-synchronisation, we do not think it is a 

prerequisite. Sharing individual situational understanding may enable self-synchronisation even 

though this does not necessarily lead to shared situational understanding between the nodes. We 

believe that nodes that are able to take perspective or accept another node’s point of view and 

understanding can already engage in effective self-synchronisation. In other words, not all information 

is necessarily shared and understood between the nodes, but the ability to freely distribute and share 

information among nodes is essential.  

 

Within the Multinational Capability Development Campaign (MCDC) Information Age C2 project, that 

started in 2017, self-synchronization is therefore described as a process with the loops understand, 

                                                           
6 By Alberts, Gartska, and Stein (1999) and Alberts, Huber, & Moffat, (2010) 
7 Self-organizing health-care teams include neighborhood nurses and caretaking personnel aimed at enhancing 
the quality of the health service, the resilience of their clients. They adjust their services to the clients’ needs, 
the cooperation with other professionals and the clients’ social network. Team members are jointly 
responsible for implementing, monitoring and improving the process, with a minimum amount of supervision 
required by management or staff departments 
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prioritise, harmonize and execute as depicted in Figure 4. These loops were chosen as they each 

represent a distinct, but not isolated element of self-synchronisation. They are in continuous 

interaction with each other and influence each other’s progress. Understand and prioritize are 

described as ‘node internal’ loops, as the functions in these loops are described as node internal 

processes (processes each node will go through individually).8 One node more thoroughly than the 

other. Harmonize and execute can be seen as common loops that involve at least two nodes. Within 

these loops nodes can e.g. harmonize their priorities or respond to an emergency call of another node 

and by doing so go back to the prioritization loop and reassess their priorities. 

 

 
 
Figure 4: Process model of self-synchronisation 

Understand, prioritize, harmonize, and execute are the four loops that can be applied to the self-

synchronization process. A high quality level of understand, prioritize, harmonize and execute is 

expected to result in effective self-synchronization. The first loop, understand, is the phase in which 

nodes try to make sense of the operational environment. A high level of knowledge of the operational 

environment enables the nodes in the network to operate in the absence of traditional hierarchical 

command and control mechanisms. This also includes a degree of insight in other nodes (e.g. insight 

in capabilities), as such information of other nodes is required to start-up the process of self-

synchronisation. In a highly networked environment where there is no formal hierarchical C2 structure 

self-synchronizing nodes need a thorough understanding of the mission environment, in terms of the 

challenges and what could be done to tackle these challenges. Some level of understanding of the 

challenges enables the collaboration process between nodes: finding other nodes to link up and self-

synchronize for a specific task. 

                                                           
8 Of course, in effective self-synchronization, none of these loops is run in splendid isolation by a single node. 
Though the outcomes are specific for each node, they benefit from and are therefore built on information 
exchange and interaction. However the (process of) interaction the nodes have on their understanding and 
prioritisation is described as part of the harmonization loop. 
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In general all nodes that want to contribute will need to prioritize their own  actions. Prioritizing of 

activities will start when nodes have an understanding of the operational environment, what can be 

or need to be changed, and what activities may contribute to change (understand loop). Although 

there is a trade-off between time required to understand a situation and time available to prepare for 

action, it is not necessary to fully understand a situation in advance when nodes execute their activities 

incrementally and continuously adapt their activities to the requirements of the operational 

environment. A node will gain insight in the environment through the execution of activities (including 

the observation and interpretation of the consequences of the execution of these activities), through 

learning by trial and error and feedback-loops. A node is going through the prioritize loop to assess 

the best (set of) activities for that node. However, prioritization choices of a node are often related to 

the choices of other nodes.  

Harmonization is the loop which nodes exchange and align their assessments, intentions, plans and 

actions with other nodes. It runs continuously with understand, prioritize and execute but builds on 

the understand- and prioritize loop (which, amongst others, is fed by feedback from the execute 

phase). The aim of harmonization is to identify and preferably agree with other nodes on (shared) 

goals and intents, problems in the operational environment that need to be solved, solutions on how 

to solve these problems, and decision principles9. If nodes agree to work closely together (e.g. form a 

sub-network), they also agree on nodes to include in this sub-network. It must be noted that outcomes 

such as ‘agree to disagree’, co-existence and deconfliction are also valuable forms of harmonization. 

In the harmonisation loop nodes will apply some form of decision making, leadership and control. 

These functions are further elaborated in the section 4, implication for the functions of C2 

Finally, the nodes execute their prioritized task(s) and assess how this influences the operational 

environment. While executing they continuously update their understand, prioritize and harmonize 

processes. While updating, nodes might test preliminary decisions and evaluate alternative decisions 

and analyse their understand, prioritise and harmonize loops. The latter can either be done within a 

temporary sub-network or between ‘harmonized nodes’. Nodes working together in a temporary sub-

network will organise temporary process control. The execution phase is where self-synchronised 

activities can best be observed. 

 

4. SELF-SYNCHRONIZATION AND IMPLICATIONS FOR THE FUNCTIONS OF C2 
 
Self-synchronization has several implications for C2. This section focusses on what self-

synchronization means for the sub-functions of C2: decision making, leadership, control, and attune.  

 

Implications for decision making 

As stated earlier, decision making concerns the sub-function that enables the orientation, assessment 

and subsequent decision making concerning various courses of action in order to achieve the set 

objective. The current implementation of the decision making function is heavily based on a hierarchal 

approach. This implies that decision making takes place on multiple levels which display a relative 

limited decision-space. In case the decision exceeds the decision space (and therefore the authority) 

of the level of decision making in question, escalation to the next level is necessary which usually slows 

the whole process down as well. This continues until the decision arrives at the appropriate level of 

decision making.  

 

                                                           
9 Such as the manner in which decisions are made, including rules and criteria. 
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Self-synchronization implies that nodes are empowered to make decisions on their own and are not 

directed by entities on a higher level. The nodes chose to come together, decide what they will do, 

and how it will be done. To push the decision making authority down to the lowest level within the 

organization without getting (written) permission requires a significant change in the information-

exchange. Meaning that the information position of these ‘low-level’ decision making nodes needs to 

be significantly extended and enhanced in order to enable them to make decisions which were 

previously made by a higher decision making level. This transition means that the nodes themselves 

are capable and allowed to create a superior level of situational awareness and the availability of a 

robust and secure information and communications network in order to facilitate the production and 

exchange of information between nodes and between nodes and parent organizations. That does not 

necessarily imply an increase of systems, equipment etc. to the lowest levels. In many networked 

coalitions the required information to make the right judgements and to determine the right thing to 

do, is already present at the lowest level in the field. It is often the authority that is lacking. However, 

harmonization of multiple views and creating a bigger picture compared to different local pictures can 

become a challenge.  

 

Besides the organizational and technical implications of pushing the decision making authority down 

to the lowest level within the organization, the Human Factor (HF) and Training and Education (T&E) 

implications could be substantial as well. For instance, the emotional and cognitive implications of 

empowering and conditioning junior/low level leaders to make decisions with potentially large 

consequences could be significant. In terms of T&E, it could be argued that these junior/low level 

leaders need the same broad view as a traditionally senior/’high level’ decision maker. However, the 

skills (competences) and mindset of these junior/low level leaders must be different. Whilst 

traditionally senior leaders have learnt to trust heavily on taught processes, junior/low level leaders 

should rely more on unstructured and ad-hoc decision making accumulated in a short amount of time 

and focused on negotiations and lobbying efforts. decision making These requirements could demand 

rethinking current T&E concepts and associated infrastructure but also rethinking Human Resources 

and Career management with regard to recruitment and selection. Concepts that support leadership 

in a self-synchronising network can be useful here, these are described in the next paragraph 

(implications for leadership).  

 

Establishing and maintaining a common intent, set of goals and set of decision making criteria 

(including their weights) between various nodes working together in an sub-network or temporary 

collaboration, can be a challenge. A self-synchronizing network could potentially run a high(er) risk of 

ineffective decision making (and ultimately be less effective), in case this challenge is not properly 

addressed. Concepts like negotiated decision making that provide a common ground to define 

amongst others rules and procedures for an ad-hoc coalition might be helpful to address this 

challenge. Other types of decision making that are likely in the context of self-synchronization are 

lobbying (trying to influence other nodes actions, policies, or decisions on behalf of your personal goal) 

and decision making based on group dynamics (e.g. based on a level of ‘wheel and deal’). This means 

that decision making in the context of self-synchronization is less focused on following explicit 

processes. 

 

Implications for leadership 

The NLD Military doctrine states that leadership has several aspects: 1) conveying action and 

motivation to perform tasks, 2) consciously influencing behaviour and efforts of others into the 

desired action, 3) managing activities in order to achieve the set of objectives together, and 4) 

encouraging and allowing for taking initiative. Encouraging everyone in de same direction and at the 
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same time managing coordinated efforts implies that leadership has also an important role in 

establishing and maintaining trust among nodes. One can argue that physically and mentally managing 

the ability of the team to cope with stress and team resilience is an important sub-function of 

leadership as well.  

 

Like the sub-function of decision making, the current implementation of the leadership sub-function 

is also heavily based on a hierarchal approach. Only officials with a leadership role (especially 

commanders) are responsible for the coordinated and synchronized deployment of assets. In this 

context, the formal commander leads his subordinate commanders and his staff (and so on). Meaning 

that authority and responsibility are assigned only vertically. The ideal form of leadership is single 

leadership which means that no two persons have the same leadership role at the same time 

(CLAS/LWC doctrine publication 3.2.2., 2011). Only then can unity of command be accomplished. The 

latter description demonstrates disparity between the function of leadership as currently 

implemented in the military and the implementation required for success in self-synchronization.  

 

Self-synchronization requires empowerment of leaders in the field. This implies a high level of 

autonomy; self-synchronized nodes require more freedom to act and decide (Still, 2003) and to be 

able to respond adaptively to the demands and needs of the complex and dynamic environment they 

are operating in. However, even in fully self-synchronizing networks leadership will emerge. The type 

of leadership that is likely to emerge is called complexity leadership. Complexity scholars argue that 

traditional leader-centric, top-down models of leadership alone are not well-suited for self-

synchronization in the complex and dynamic environment, in which continuous learning, creativity 

and adaptive capacity is required. Uhl-Bien (2007) has proposed a model for Complexity Leadership 

Theory (CLT), consisting of three broad leadership functions: 

1. Adaptive leadership: informal, adaptive and creative learning activities that emerge from 

interactions of different entities in a complex, dynamic environment, 

2. Administrative leadership: planning and coordinating activities to accomplish 

organizationally-prescribed outcomes in an efficient and effective manner. Focus on 

alignment and control.  

3. Enabling leadership: catalysing optimal conditions for adaptive leadership, managing 

entanglement between more bureaucratic (administrative) and emergent (adaptive) 

functions of leadership.  

 

All three leadership functions are necessary in all operational contexts. Administrative leadership may 

work in combination with adaptive leadership or stop it with overly bureaucratic control structures. 

Adaptive leadership can rebel against administrative leadership, increase its strategic needs, or 

function independently from it. There is a need for co-existence of administrative and adaptable 

leadership, in a constant dynamic interaction. In a (relatively) stable environment administrative 

leadership may be emphasized more than the other, while in highly unpredictable and changing 

environment adaptive leadership should be emphasized. Both forms of leadership are equally 

important and should work in a tandem. This corresponds with the theory of ambidexterity (‘t Hart, 

et al., 2016), in which the importance of robustness and flexibility is emphasized. The robustness 

approach focuses on stability whereas a flexible approach focuses on change. However, in the 

interaction between robustness (administrative leadership) and flexibility (adaptive leadership) 

tensions arise, for instance between formal and informal processes, centralizing and decentralizing, 

control and letting go. This is where enabling leadership comes in. Although enabling leadership 

primarily exists to enable adaptive leadership, this type of leadership must also foster the conjunction 

of adaptive and administrative leadership (Uhl-Bien, 2007).  
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In short, complexity leadership is the type of leadership that is likely to emerge in a network where 

nodes have to cope with the complexity and dynamism of the environment. Administrative, adaptive 

and enabling leadership are all three necessary in all contexts but the balance will depend on the 

context. The three leadership functions are challenging and probably impossible for a single leader to 

perform, because it would require a huge personality stretch to be able to switch between the three 

functions. Therefore we believe that the three functions of complexity leadership will often be shared 

between two or more entities in a network. In other words, we believe that complexity leadership will 

in practice often have a collective character.  

 

Friedrich et al. (2009, 2016) define collective leadership as, “…a dynamic leadership process in which 

a defined leader, or set of leaders, selectively utilize skills and expertise within a network, effectively 

distributing elements of the leadership role as the situation or problem at hand requires”. The concept 

of collective leadership10 captures the organisation wide leadership and team- and network-based 

dynamics required to be successful in situations (Friedrich, et al., 2009, 2016). Complexity leadership, 

including its collective character requires a significant change in the culture of the military 

organization. It requires military personnel being able to deal with changing leadership. Meaning that, 

apart from their rank, they must have the ability to delegate, display but also to follow leadership. 

They must understand that their role during planning and execution may change and need to have 

the ability to adjust. 

 

Collective leadership has implications for T&E. Collective leadership means that an effective solution 

for emerging problems needs to be chosen out of the expertise from multiple sources. It includes 

sharing responsibilities and role specialization. This has implications for the skills of future leaders. 

Namely, it requires adaptability and collectively pooling information and skills to accomplish missions 

(Yammarino, 2014). In addition, communication is essential to collective leadership. It is a prerequisite 

for understanding the problem that the sub-network is facing, defining shared goals, understanding 

where the relevant expertise lies in the network, and sharing the leadership role (Friederich et al., 

2009). This has both cultural and organizational implications such as, establishing communication 

norms and behaviours that promote the communication, and technical implications for the sharing of 

information. 

 

Trust and the ability to adapt are conditions that enable nodes within a network to self-synchronize 

their efforts. Trust determines the extent to which nodes are willing to contribute and the nature of 

the interaction or collaboration that takes place (Alberts and Hayes 2003). The contexts of trust are 

varied. For example, trust is needed for traditionally senior leaders in the organisation to give up 

personal control and totally rely for execution on field level nodes, which may be their subordinates. 

Nodes must also trust each other and the products, capabilities and services which are provided to 

take the correct action. Trust should help to interpret things the same way and trust should contribute 

to reacting a common approach to a particular situation (Hutchins et al., 2001). Swift trust is a concept 

likely in the context of self-synchronization as this form of trust occurs in temporary organizational 

structures. 

 

Flexibility and adaptability are often described as the main characteristics of a network operating in a 

self-synchronized manner. However, in order to do so, nodes should also possess the ability to adapt 

                                                           
10 leadership which becomes a collective organizational enterprise as opposed to an individual-level (command 
and control) phenomenon 
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and to be able to cope with and expect a high level of uncertainty. This is described by Beautement 

(2006) as “the ability to adapt to (or shape) change; to be innovative, flexible and responsive (and 

grasp fleeting opportunities) and to be robust and resilient (in the face of potentially catastrophic 

disruption)”. Adaptivity could be realized by adopting multifunctional modularity (assuming that 

modules could be changed fast enough during operations) or the ability to form temporary sub-

networks and reform quickly, depending on what is most relevant. These sub-networks can change 

their “operational system”, i.e. the way that they structure and organize themselves, interact and 

process (Beautement, 2006). For example, a subset of nodes will come together to work on a particular 

problem and then go back to their original activities once the problem is taken care of (Hutchins et al., 

2001). 

 

Besides the cultural and T&E implications, technical implications may arise when leadership functions 

are distanced. Collaboration between self-synchronizing nodes may be either physical or virtual. This 

implies that leadership functions may also emerge from a great distance resulting in a physical 

separation between the team’s leader and the other team members. Motivating the other team 

members is especially a challenge in these dispersed teams. The same holds for creating role priorities 

and developing a team vision and the feeling of a joint purpose. This requires utilizing advanced 

technologies to support different ways of communication enabling easy access to information and 

high levels of connectivity with the rest of the team.  

 

Implications for control 

Control is the sub-function which enables the organization, direction and coordination of subordinate 

or supporting units, systems or platforms. The current implementation of control in a hierarchical 

setting is done via a centralized system in which units report progress to a central node, upon which 

the central node coordinates or aligns the array of actions taken by the different units. In order to 

perform the function control in a self-synchronising network, the basic requirement for nodes is the 

ability to communicate, e.g. via face to face meetings or technical systems. Communication allows 

nodes to achieve unity of effort, and share objectives and interests which is   

 

Research (Johansson et al., 2004) shows that technology can support the C2 function but is not always 

a necessity. During an experiment in which teams were provided with different means of 

communication (shared SA interface or basic email exchange), the team provided with the shared SA 

system was able to plan ahead while the other team seemed to be ‘chasing the situation’. 

Nevertheless, the performance of the two teams was ultimately the same. This could imply that as 

long as a basic level of communication in order to perform a mission is established, there are multiple 

ways for teams for coping with the challenges, despite the (technological) conditions not being 

optimal.  

 

More specifically, similar research (Johansson et al., 2002) shows that agents’ performance in a 

complex and dynamic reality is heavily dependent on the ability to establish and maintain relationships 

with other agents in the system. The agents indicate that informal practices are important to maintain 

a common ground on the unity of effort and the mission’s objective. These meetings also help to give 

a frame of reference for future performance of other agents in the system, and help to send out 

messages that make sense and provide motivation in light of the overall mission objectives.  

 

On the other hand, simulation runs show that there is a balance between internal synchronization and 

alignment with the overall force (Dekker, 2013). Improving the internal communications of individual 

components may actually be detrimental in terms of self-synchronization of the overall force. A 
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military joint and combined network, with internally well connected clusters that are highly self-

synchronizing, may therefore especially be challenged by slow synchronization because these network 

cliques facilitate local synchronisation. To facilitate global self-synchronization priority must be given 

to network connectivity between components. Figure 5 shows two examples of octahedron-based 

networks, a well-connected (left) and less well-connected (right). Surprisingly, the less well-connected 

network on the right synchronizes more rapidly (754 steps instead of 1,078). (Dekker, 2013)  

 

 
Figure 5: The well-connected (left) and less well-connected (right) octahedron-based networks.   

The above suggests that future decision makers in a self-synchronising network will need to strike a 

balance between internal optimization and alignment in tasks and priorities with other nodes in the 

network. Especially for establishing and maintaining relationships amongst each other. These 

relationships will most likely be strongly supported through digital systems, but still require a great 

deal of trust and leadership to ensure adequate performance of this network.  

 

Implications for attune 

Attune is added as a sub-function of the function of C2 in order to stretch the relevance of 

coordination between capabilities. Attune entails all internal and external coordinating efforts to 

generate effectively the entirety of available capability (Ascalon v4.01, 2017). We believe that in self-

synchronizing networks and the many ad-hoc collaborations that are expected to take place, attune is 

of utmost importance. The addition of attune as a sub-function of C2 allows to put more focus on the 

process of attuning to create synergy and unity of effort.  

 

Collaboration does not emerge all of a sudden. Instead, it has to be build and nodes that want to 

collaborate have to be willing to put time and effort in building up the collaboration, even when it is 

only temporary. In building up collaboration, several phases can be distinguished. In this research we 

take the phases introduced in previous TNO work as a base (Kamphuis et, al 2013). In this work four 

teambuilding-models were studied (Tuckman, 1965, Tjemkes et al., 2012, Rietjens, 2008 and Ring & 

Van de Ven, 1994) and integrated into one that suits ad-hoc collaborations in Joint International 

Multiagency and Public (JIMP) mission environments. The four phases are: 1) Positioning, 2) Shaping, 

3) Executing, and 4) Transforming.  

 

The result of the positioning phase will be the decision (of each node) to either pursue or not pursue 

a collaboration with other nodes. The positioning phase will also be used to identify the most suitable 

nodes and approaches to collaboration. The end of the positioning phase can be seen as the start of a 

temporary collaboration. During the positioning phase the nodes work on: goal determination, 

stakeholder analysis, partner selection and partnership negotiation. Attuning activities in this phase 
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focus on the alignment of linguistics and culture (Bemmel et al., 2018). One might argue that 

alignment of ‘vision and mode of operations’ is also important, however nodes in a temporary 

collaboration can have different goals, visions and doctrine and yet decide to work together for a 

specific common purpose. If however culture and linguistics are not aligned they will not find out on 

which topics they agree to disagree and on which they will find agreement. Although some alignment 

of ‘vision and mode of operation’ is required to identify the possibility to determine common goals for 

the cooperation, the main effort will be on ‘culture and linguistics’. If the nodes find no coherence in 

these two components, a collaboration will probably not be successful.  

 

In the shaping phase, the nodes will further develop the collaborative relationship and commit to the 

collaboration. The nodes need to reach agreement on e.g. the management of the collaboration and 

the respective roles, rights, and duties of the nodes involved. Attune in this phase will also need to 

focus on organizational aspects, in order to be able to determine who might have the right expertise 

or experience to fulfil a certain role (Bemmel et al., 2018). Also organizational constraints and 

restraints (incl. go’s and no-go’s implied by the parent organization) are important to address (Ibid.). 

At the end of these two phases the nodes have decided upon the degree of coherence that is required 

to reach the goals of the temporary sub-network. 

 

In the executing phase, the nodes put what they have agreed upon and designed into practice. This 

can be a significant challenge as cultural differences, distrust, communicating and coordinating 

difficulties can come into play. The executing phase therefore focuses on managing these 

complexities. Relevant activities for the collaboration are e.g. information management, conflict 

management and corrective measures. Managing complexities or preventing complexities to evolve 

is supported by effective attuning on culture, linguistics, procedures, ‘vision and mode of operations’, 

and organization in the previous phases (Bemmel et al., 2018). To actually collaboratively conduct 

activities, attuning on the components material and procedures may become relevant as well. This 

will depend on the situation, the type of nodes in the sub-network and the purpose of the sub-

network. 

 

The temporary collaboration dissolves when its objective is realized or when the situation or context 

changes and the temporary collaboration is no longer relevant. The collaboration will end or transform 

into new alliances with new (or additional) nodes (transforming phase). For both potential future 

collaboration and for achieving the ultimate objectives for which the initial temporary collaboration 

was created, much depends on the way in which responsibilities are transferred and the collaboration 

is dissolved. Relevant activities in this phase are transfer of tasks and responsibilities and partnership 

evaluation. In this phase, the attuning efforts can also be evaluated, in order to learn and further 

develop attuning efforts.  

 

Implications to implement the function of attune in self-synchronising networks mainly encompass 

competence requirements for nodes in this network. For successful ad-hoc collaboration between 

nodes, each node should develop the following competences: collaboration, communication, 

organization & administrative sensitivity, and organizational awareness. These competences are, 

therefore, also necessary to achieve self-synchronization. 

 



16 
 

5. CONSIDERATIONS REGARDING THE PRINCIPLES OF COMMAND 
 
The function of command, within the C2 structure, is divided into four guiding principles: 1) unity, 2) 

continuity, 3) integration and 4) clarity. Several considerations regarding these four principles come 

into play when implementing self-synchronization. Previously we assumed that the underlying 

principles of the command function are still relevant and will not heavily change in a self-synchronizing 

network. After conducting this study, we think that self-synchronization needs to comply to the four 

principles of command to be successful. However, although we assume that self-synchronisation is 

based on the same set of underlying principles as traditional C2, we do argue that the implementation 

of these principles will be different. The current implementation of unity, continuity, integration, and 

clarity does not seem to fit with self-synchronisation.  

 

For example, the current implementation of unity of command is based on shared objectives and goals 

by means of coherent preparation and planning between all included elements. Successful self-

synchronization is based on planning that emerges ad-hoc and locally within the nodes and between 

the nodes (Bemmel et al., 2017). This means that while integrated planning for joint activities in a self-

synchronising network will be difficult, the preparations and planning of responsibilities and actions 

between nodes within a coalition or temporary collaboration can still be executed. With regard to the 

creation of unity of effort, rather than joint planning and coordination and cooperation between all 

elements, the focus here will be more on harmonizing priorities, intentions, and plans. 

 

If we take the principle of continuity as example it is safe to say that the current implementation is 

based on advanced planning for the direction, coordination and organization (e.g. control) of military 

forces. Self-synchronising nodes also require enduring goals and activities throughout an operation to 

achieve common objectives. With regard to the performance of tasks conducted by a node, sub-

network or a temporary coalition, this will be a continuous activity until the collaboration dissolves. In 

this case the identified goals and activities will disappear as well to be replaced by new ones, falling 

out of continuous feedback loops and planning and harmonization. This approach implies that there 

is no design, at least not initially. Objectives, lines of operation and missions are not specified but 

implied by overarching (political) guidance, the mandate and fields of expertise of the nodes in the 

network. In the context of self-synchronisation, a design may emerge. This approach does not mean 

that there is no more planning ahead. It means working towards the horizon in the perceived 

operational reality instead of over the horizon as in the current approach. In the case of maximum 

self-synchronization, however, support and maintaining purpose and harmonization of efforts and 

effects over time is more of a challenge. How to guarantee continuity throughout the entire self-

synchronising network, is subject for further research. 

 

Clarity also continues to be a relevant principle when dealing with self-synchronization. Although in 

this case it is not about a clear chain of command, a clear understanding of intent is all the more 

important. Overall goal, purpose, intent, and/or mission must be known by every node and every node 

must direct their efforts toward achieving it (Araki, 1999). Of course sub-goals (e.g. personal goals of 

the different nodes within the network) will remain and may differ from each other, but this does not 

mean that these sub-goals are not corresponding to the overall objective. In self-synchronizing 

networks this structure is not hierarchical but based on expertise and skills.  

 

Finally, nodes can become part of the networked coalition when their capacities are useful and 

contributory and they can leave the network any time. A self-synchronising network is therefore not 

a formal organization with clear tasks, roles and functions and nodes will often pursue different 



17 
 

objectives related to the organizations they represent. Integration of capabilities and activities is a 

challenge because you cannot simply arrange, command or control it. It has to follow from motivation. 

Self-synchronisation will focus more on organizing and harmonizing visions and efforts between 

nodes, rather than on integrating capabilities and activities.  

 

6. CONCLUSIONS 
 
This paper focused on the function of C2 and the implications for C2 if this function is pushed to the 

nodes operating in the field, allowing maximum self-synchronization.  

 

The C2 function can be described as the function which enables a military organization to direct and 

manage its efforts, in order to reach its objective(s). NLD military doctrine states that the C2 function 

is based on the following four guiding principles: 1) unity, 2) continuity, 3) integration and 4) clarity. 

Its sub-functions are: 1) decision making, 2) leadership, 3) control, and 4) attune. Within the context 

of self-synchronisation, it is likely that the implementation of the C2 function and its sub functions will 

need a redesign because the current ones are not expected to allow self-synchronisation with high(er) 

degrees of autonomy in the field and a high(er) level of adaptivity. 

 

In this paper, we adopted the definition of Cebrowski and Gartska (1998) on self-synchronization: ‘It 

is the ability of a well-informed force to organize and synchronize complex warfare activities from 

bottom up.’ And as defined by Gonzales (2005): ‘It is the ability of a force to act in a manner 

coordinated in intent, time, and space with other battlespace entities, both civilian and military, 

without being ordered to do so specifically’. However, we question if the nodes that are part of a 

networked coalition (a force) with multiple military and civilian nodes will always develop shared 

situational awareness and a common rule set, two of the key elements of self-synchronization 

according Cebrowski and Gartska (1998). Although we do acknowledge that the creation of situation 

awareness is important, situation awareness itself is not a ‘stable state’; meaning it will iteratively 

develop and continuously change and become more thorough, as a result of interactions between 

nodes and the operational environment (i.e. conducting activities and analysing the effect of these 

activities). An effective self-synchronizing node will develop some degree of shared situational 

awareness over time, by harmonizing with other nodes that have a different situation awareness. We 

therefore describe self-synchronization as the process that includes the loops understand, prioritise, 

harmonize and execute. These loops were chosen as they each represent a distinct, but are not 

isolated elements of self-synchronisation, they are in continuous interaction with each other and 

influence each other’s progress. It seems inherent that as the size of the operation increases, self-

synchronization becomes more difficult (Araki 1999). Whether this will actually be the case, also when 

the operation entails cooperation between many different civil and military nodes, is subject for 

further research. 

 

Self-synchronisation will have implications for the sub-functions of C2: decision making, leadership, 

control, and attune. As decision making is expected to be no longer implemented in a traditional 

hierarchical military structure (that takes place on multiple levels) and nodes need the autonomy and 

authority to decide, a new approach to (mainly military) decision making processes is required. New 

approaches could include negotiated decision making which focusses on the harmonization of intents, 

priorities, rules and procedures. These new approaches allow ad hoc cooperation and coordination 

between nodes with different backgrounds and from different organisations. Having the autonomy 

and authority to decide at field level also has implications for the Training and Education, Human 
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Resources, and Career management of commanders as these traditionally ‘junior-leadership 

functions’ now require more experience and different skills’. Also with regard to leadership, new 

leadership styles are required such as complexity leadership (including adaptive leadership, 

administrative leadership and enabling leadership) and collective leadership. This also imposes an 

effect on future Training and Education of leadership skills and/or future recruitment. Future decision 

makers will need to strike a balance between internal node optimization and alignment in tasks and 

priorities with other nodes in the network in order to be able to synchronize effectively. Furthermore, 

the ability to attune will become more important as supporting nodes in ad hoc collaborations will 

presumably result in better harmonization of activities and effects. 

 

The enablers of C2 are trust, ability to adapt, a high level of knowledge of own and enemy capabilities 

and the operating environment, and shared mental models. If and how these enablers will support 

self-synchronisation varies per enabler. For trust, the question is how to build trust as quickly as 

possible and then maintain and facilitate it (e.g. swift trust), while for adaptability the issue is how 

nodes can select the appropriate structure to cope or shape unanticipated events. Knowledge of own 

and enemy capabilities will be strongly supported with the help of IT systems, yet will put more 

emphasis on the importance of a standardized rule set of exchanging information. Shared mental 

models are a precondition for unity of effort and will develop over time, as nodes actively engage in 

the process of self-synchronisation and the harmonisation of priorities and activities.  

 

We do belief that an additional approach to hierarchical C2 is a necessity not to become outdated, 

outmanoeuvred and outpaced in future, networked operations. Self-synchronisation may provide 

such an alternative. Effective self-synchronisation will lead to a more adaptive, fast and agile response 

with an inclusive coalition to current and future threats in hyperconnected and complex operational 

environments. We hope this paper provides some insights in the implications of self-synchronisation 

and that these insights will stimulate developments within military and civilian organisations to enable 

self-synchronisation. 
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