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Abstract

Designing for effective coordination and collaboration in domains of distributed decision-making and decentralized control is a daunting challenge. In order to support such collaboration, it is necessary to look at modelling such systems from the perspective of coordination requirements by focusing on the functional relationships inherent in the joint cognitive work. Reviewing work in such mission critical domains NASA mission control, military command and control, and emergency response we utilize synchronization loops as a typology to assess common ground in settings of distributed joint activity to support team adaptability and control. As a typology for team performance, synchronized coordination loops support a preliminary model based on four support functions of coordinated work: trust, flow, observability, and reciprocity. Joint coordinated activity can be analyzed in terms of these support functions across three classes of synchronization loops: horizontal collaboration within an echelon, vertical collaboration between echelons, and projective and distributed collaboration between technological echelons and platforms to describe how these functions integrate to assist and enhance coordination in any organizational structure. 

1.0
Introduction

Coordination between members of a distributed team resembles a living organism- both must constantly change and evolve to better fit their changing environments. If the team is ‘tuned in’ to the world around them they can better anticipate and adapt to anomalies and quickly exploit emergent advantages. Successful behavior is reflected in coordinated activity that is greater than what any single team-member or actor could produce simply on their own. Such successful behavior meets both the goals of individual team actors and the goals of the team as a whole. However, when individual goals supercede the goals of the group, coordination can break down and like the organism that is unable to meet the demands of its ever-changing environment, the team eventually “dies” and succumbs to entropy. In this entropic state, team members either do nothing, defect to pursue only their individual goals, or worse, continue to participate in the team without any true commitment to help the team reach its goals as a whole. 

Successful coordination creates the need for observable situations where the coordinating parties need opportunities to judge and become aware of the cognitive load and intent of other "coordinating" parties. This provides the ability to reciprocate and act in such a way that teammates are able to either exploit opportunities or reduce anomalies for themselves as well as other coordinating parties. Successful coordination results in the ability for those in the joint system to anticipate how much capacity the joint systems has to adapt in order to reciprocate accordingly. The lack of these fundamentals is made readily apparent in situations where coordination breaks down despite communication systems and connectivity being available. Why do breakdowns like this occur? Coordination requires more than communication - breakdowns do not simply occur because parties are unable to communicate with each other, but rather breakdowns occur when teams are unaware that they should, or even could, be communicating. This lack of knowledge or motivation to reciprocate increases the chance for coordination surprises, which creates a spiral of overload, stress, and blame. Many models of the team-agents interactions focus only on the communication aspect of coordination and fail to address the arguably more critical factors that are present when coordination “succeeds”. We describe successful coordination between teams after Clark and Brennan[4] as being characterized by the sharing of “mutual knowledge, mutual beliefs, and mutual assumptions.” To describe and eventually model these mutual factors one must not focus on a single aspect of joint activity such as communication or trust, but look to leverage support at the interactions between all of the factors that allow the coordinated activity to adapt and grow.  This forms the basis for laying out the fundamental support requirements for coordinated work in order to provide insight for teams and organizations to successfully assess and adapt to potential future changes that challenge their own capacity to adapt.
This current work expands upon Gunawan et al. and Voshell et al.[3]  initial concepts of coordination loops and introduces Synchronized Coordination Loops (SCL) as an initial typology of joint activity to include coordination support functions. This preliminary framework focuses on the interactions between the factors and actors that jumpstart coordination in order to achieve the necessary levels of coordination with the necessary and available actors more effectively than simply providing communications. Synchronized Coordination Loops expand upon previous measures and constructs that allow specification of the requirements of distributed work. The previous work identified three initial loop classifications based on communication within teams of actors (horizontal loops), communication across distant levels of control (vertical loops) and the ability to incorporate new technology into the scene to assist perception and action capabilities (projective loops), addressing the ever-changing nature of coordinated activities. There will always be a fundamental level at which coordination can occur. When teammates are distributed in space and time while pursuing multiple conflicting and complementary goals – the key to supporting distributed coordinated work in such settings depends on helping teams and organizations to monitor and adjust the different forms of adaptive capacity the joint system has is to maximize by allowing and creating opportunities for reciprocity to occur by leveraging key coordination support requirements.

2.0
What makes a loop, a loop? defining support requirements
A fundamental requirement for joint activity is supporting the interpredictability of participants’ attitudes and actions to catalyze reciprocity. This level of interpredictability is based on what Klein et al. [5] have termed common ground – the pertinent knowledge, beliefs and assumptions that are shared among the involved parties. Inherent in this ability to predict and respond to the actions of other local actors is the assumption that they have formed a mutual ‘Basic Compact’; an unspoken agreement that all involved parties will work to facilitate coordination and prevent possible breakdowns. More often than not there is a temporal dependency in this compact, where actors will strive to maintain common ground only while there is a perceived common goal exists. As individual perceptions may vary across teams of actors they may begin to defect from the coordinated group. As an example, if two people are heatedly arguing across a room it does not necessarily mean that either individual has defected and broken the Basic Compact. As long as there is goal alignment between the individuals involved they can still be committed to the Basic Compact and jointly pursuing high level long-term goals despite possible short-term disagreements. Common ground is a continual process with constant work and coordination demands necessary to achieve mutual understanding and to share pertinent knowledge and beliefs. This allows actors to work independently while retaining the ability to not only anticipate and react to changes, but to repair faulty decisions and assumptions when detected. Based on this notion of interpredicatbility, Synchronized Coordination Loops focuses on support requirements for coordination to be able to adapt and transition across different forms of adaptive capacity. The four specific support requirements for coordination are based on the interplay of flow, observability, trust, and reciprocity cross the three general classes of coordination loops- horizontal, vertical, and projective loops.

2.1
Information Flow


Information flow serves as the backbone for coordinated activity in any context. Actors must transition and balance both strategic and tactical perspectives while up against the inherent time-sensitivities in a dynamic and changing world, supporting assured and trusted data flow is of critical importance. Organizational approaches seen in hierarchical organizations, such as military and information analysis domains, often address this need by either forming new ways or resorting to work-around in order to integrate existing  "stovepipes" of information that were previously unconnected. These connections and couplings across information channels need to occur at every possible level - not just at the beginning or end of the process - otherwise is simply changing the orientation of the stove-pipes, rather than bridging the pre-existing gaps. Proper information flow fundamentally supports controlled information exchange opportunities at every practical level, such that communication reaches an optimal "sweet spot" between the two of extremes where either no single entity is sharing anything or where information availability is not equal to all parties involved. To do this system designers must capitalize on artifacts created doing normal work that others can use to help construct and re-conceptualize the global picture in order to achieve a coherent perspective of the world. These artifacts can be funneled back downstream to influence information collection or funneled upstream for dispersion across actors and other potential organizations to serve as a catalyst for reciprocity.

2.2
System Observability


Observability has been defined by Woods [16] as the ability to infer the details of a process through feedback from both the work domain and the independent agents and actors "behind the scenes". Increasing actors' awareness of the flow of information, to "walk" on the bridges formed by positive information flow, increases insight into the cognitive load of other involved actors both horizontally and vertically. For example, in the intelligence analysis domain observability of collection assets as well as other analyst teams assists analysts with "putting the pieces of the puzzle together", resulting in new collaborative opportunities for analysts to add additional information and potentially multiple contexts to a problem another analyst is working on. The signal to noise ratio in information operations is extremely high – most often all of the information analysts have is "good information". While analysts may already have access to the information they need, they just do not know it. Observability is the bridge across information spaces such that analysts can combine their respective pieces of the puzzle along with supporting the foresight to realize they have pieces to contribute.


Observability into a process of system creates opportunities for actors to develop and maintain common ground. This forms the fundamental framework for trust and reciprocal bonds – without the ability to observe the cognitive load of others on a team one cannot accurately and effectively assist teammates in their goal space. 

2.3
Trust


Trust in any environment is critical. For any form of long lasting collaboration to succeed. trust must be established within all levels and between all echelons in a system. If there are doubts as to how information is shared, used, or protected when dealing with systems where information needs to be synthesized across multiple echelons and from many different potentially relevant sources, collaborative activities will not succeed. In order to capitalize on the benefits of a large collaborative system it is imperative to preserve the inherent unique perspectives and capabilities enabled by diversity of the system. Successful collaborative activity achieves goals that could not be accomplished by a single perspective. The additional perspectives afforded by a ‘team’ must be preserved which opens up new opportunities for accruing acute knowledge. When trust is high this knowledge is not exclusively of the world around the team, but includes the space inside it – that is, knowledge of the cognitive load of those working within and around. This ‘internal awareness’ coupled with increased observability results in strengthening bonds and increasing opportunities for information sharing, and in the process of evolving these rapports the possibilities for reciprocation develop.

2.4
Reciprocity


Maintaining common ground is dependent on the 'basic compact.' The compact is essentially the tacit agreement “if you sacrifice a bit and I sacrifice a bit” then together there will be goal-space alignment. Reciprocity in Synchronized Coordination Loops uses this overlap between actors that would initially spawn common ground, but without either having to sacrifice part of their goal-space. Reciprocity develops through trust and observability. Actions based on an understanding of the scope of other involved actors on the team allows for actors to adopt exocentric goals. This persistent coordination fusion allows for situations where an actor to anticipate assistance to achieve their individual goal despite it being outside the goal space of the team - with the intention to return the "favor" and act outside their immediate interest to help achieve another goal at some other juncture. By putting function and flow at the forefront of the coordinated activity rather than immediate gratification of one actor’s own goals, synchronized activity centers on mutually adapting and reciprocating to achieve multiple goals more efficiently, rather than on temporary ad-hoc formations to achieve a singular goal.

3.0
Adaptive Capacity


Our notion of adaptive capacity stems from the Woods definition of being able to anticipate change and adapt while being grounded in resilience [15].

The problem of fixation in coordinated activity has been thoroughly discussed, and the importance of the role of a pro-active process monitor is not lost in discussion of SCLs. A team aware of its cognitive load is better able to manage adaptive capacities to retain all the benefits of a small group while monitoring the balance between a wide distribution of attention and specific focus on high priority tasks without requiring actors falling into a singular role. Capitalizing on the increased awareness resulting from observability and adaptive capacity information affords a pre-attentive vision for group members, reducing fixation by helping them to notice things that should change their focus without explicitly having to commit all of their attentional resources on detection. As an apocryphal story, the prevention of ‘gimbal lock’ on Apollo 13 is a seldom-told positive example capturing a team's ability to resist fixation and still anticipate anomalies despite a situation of information overload. After the infamous “Houston, we have a problem” call that started the crisis, mission controllers were initially faced with a loss of pressure in the oxygen tanks on the spacecraft. The possibility for gimbal lock (a state in which the spacecraft essentially loses the ability to determine its position in space, rending navigation systems useless) was acted on within six minutes of detection. The controllers on the mission management team were able to balance trying to decipher the ”unbelievable screens” showing oxygen tank status in front of them with continuing to monitor the other systems on the spacecraft for potential failures. Instead of approaching each crisis in turn and spending crucial response time deliberating the authenticity of the “errors” the controllers were able to pool their attentional resources to continually revise their model of the world and maintain a state of action. This coordinated pooling of attention assisted them to manage each current problem and, almost more importantly, anticipate what could quickly become an issue, all while trying to diagnosis how best to bring the spacecraft and crew home. This event and others like it throughout the response culminated in what is generally considered a successful rescue operation, the controllers had a joint commitment to a goal and shared cognitive resources to accomplish it – successful coordinative behavior.

Being on a synchronized on a coordination loop is the result of adequately allowing groups to share and adopt joint commitments and intentions. To step back this identifies the inherent importance of being able to share and adopt commitments and intentions. Cohen and Levesque identified the ability for actors to commit to the actions of another actor in their modeling of teamwork [1], stating that such a commitment requires the assisting actor to have mutual knowledge and beliefs the same the initial actor. However, a common problem in coordinated activity is the inability for team members to realize a current path is incorrect, or that a current goal is impossible to achieve. “When a member of a team finds out a goal is impossible, the team as a whole must again give up the goal, but the team does not necessarily know enough to do so.”[1] Going beyond fixation, this shows how even at the most basic level knowledge propagation is paramount to the success of a team. Shared knowledge can easily become difficult when team dynamics deviate from normal operation such as when teams lose direct communication. If one actor realizes a goal is impossible and cannot share that information with others in the team, coordination has failed. Synchronized in such coordination is fundamental towards ensuring critical information (such as when to abandon a goal) is propagated throughout a team, allowing actors to pull critical relevant information to themselves in while allowing other actors to push information to them. Increased observability leads to other forms of adaptive capacity which lead to increased reciprocity, and ideally an increased flow of more relevant information. Rather than waiting for information to come to them, actors are able to point out and share information with each other, providing clues and insight into their current scope, which other actors can use to make judgments about what information they have that could be useful to the initial actor resulting in a cycle of increased opportunity for reciprocity. 

This adaptive-capacity reciprocity cycle is fundamental in the achievement of synchronized coordinated loop activity. As coordinated activity succeeds and flourishes, actors adapt to changes both inside their team and in the world around them in meaningful ways. Synchronized loop activity is more than just achieving common ground. Synchronized Coordination Loops and common ground are both based on mutual knowledge, common ground forming bridges based on knowledge already in existence, while SCL’s go a step further to help foster the creation of new knowledge shared by all participating actors. Synchronized Coordination Loops help create a foundation for the creation of mutual knowledge, but most of all both SCLs and common ground are an ongoing processes that must be maintained by assisting actors to anticipate anomalies, avoiding surprise and exploiting opportunities. 

[image: image7.wmf]Figure 1: Loop Formation: As actors interact possible role overlaps become more apparently, allowing insights regarding cognitive load and adaptive capacity to support the plan-act-revise hypothesis generation cycle.
4.0
DISTRIBUTED ANOMALY RESPONSE

Distributed teams inherently include varying functional roles based on the technical aspects of the anomaly they are responding to. It is important to note responses are not strictly relegated to a specific physical place. A response entails the distributed nature of control between multiple coordinating functional roles as threats emerge and the flow of activity changes [12]. Just as goals are better supported by role overlap, supporting the adaptive capacity and reciprocity cycle creates common resource pools for specialized roles to share while retaining unique capabilities, resources, and expertise. The resulting increased level of interpredictability and increased ability to notice timely anticipatory cues supports smooth coordination, creating a robust form of collaboration within a distributed system of mixed roles.

Voice-loops are an illustration of a coordination support artifact that emerged from studies of NASA mission control. "Voice loops" have been previously described as a robust form of collaborative communication [8], but they do not extend further than that in terms of supporting collaborative activity. Voice loops enabled those on the loop to observe necessary information, but there is no feedback regarding what they should deem ‘necessary’. Experience helps determine what is important, but there exists the possibility that things will be important “down the road” and thus missed when listening in on a voice loop. Access to information existing in other communities helps reduce uncertainty in the anomaly response [12]. However, there is still a need for synchronization in the information sharing. Just being forced to act (and listen) in unison does not help information “pop out” to the listeners of a voice loop any more than if they were listening individually. Voice loop benefits lie in the overlap of knowledge that is available when knowledge is shared in synchrony- allowing actors to step out of their perspective and see the perspective of others on the loop. SCLs address this important facet with reciprocity, where other actors on the loop have the ability to act (in this case push information) based on their knowledge of the perspective of others in the team, without having to abandon or even step out of their own perspective. It is important to note that Synchronized Coordination Loops are not, by any means, a type of ‘hastily formed network’[2], in fact, within the SCL typology flaws within current HFNs become apparent. While some loops may only be used in given situations, they never “disband” as HFNs are created to do. Synchronized Coordination Loops provide support by helping actors capitalize on the experience that culminates as teams achieve a goal and assist them in bringing that experience with them as they move on to the next goal, the next task, the next response – SCLs are future oriented. The single goal support of hastily formed networks causes them to suffer from similar problems to ones they claim to address, namely an over reliance on immediate communication connectivity and an inability to synchronize with the inclusion of new actors and agencies as a response scales up. A hastily formed network does not foster the connections and linkages to be formed between actors that are required to provide a means for successful coordination. Simply adding additional technological methods for communication does not guarantee that actors will share information across them, let alone realize they share similar goals beyond the obvious. Hastily formed networks offer no long-term coordinative benefits, providing no support for the incorporation of new actors and agencies into the network: you are either on the network at its formation or you are not on it at all. Attempts to add a new party to a hastily formed network result in the same confusion and shock that resulted in regression to old ingrained habits detrimental to the ability to collaborate that prompted the need for the network in the first place. Proper support of coordinated activity needs to assist the ability to synchronize actors to better anticipate anomalies and exploit opportunities regardless of what the anomalies and opportunities are. Coordinative networks such as hastily formed networks that are formed strictly from policy decisions are not flexible enough to allow actors to synchronize with each other to adapt as circumstances change. Now, there has been little research into collaborating distributed systems to synchronize roles, in the way that perspectives have been synchronized in voice loops. How roles can be synchronized to respond to plan production when opportunities and anomalies occur is the basis for our conceptual model, further fleshed on in these example domains. 

4.1
Teamwork and Intent in Military Operations

Military command and control can be described as an orchestration of supervisory control systems that can be examined from an SCL perspective. Coordination in command and control settings normally occurs through the use of predetermined plans and procedures to forge mutual knowledge. These plans and procedures can be underspecified and thus brittle when a local actor is confronted with an unanticipated situation. While grounding helps local actors coordinate together in scene when presented with impasses or surprises outside of their scope, local actors must adapt plans, tactics, techniques, and procedures to the situation based on their understanding of the remote supervisor’s intent. Actors in-scene must look vertically for insight to maintain the higher level goals in the face of a changing and potentially hostile environment [10]. As coordination is founded on mutual knowledge, it makes sense to frame intent as a mutual assumption for constructing a basis for action [11]. SCLs emphasize the ability to project this vertical intent across echelons and form a distributed coordinated team to help reduce problems that occur because the supervisor’s plan, high level goals, and the current scope of a local actor may become disjointed and require common grounding to better deal with the changing situation in the world.

Intent is the means by which the remote supervisor can impart his or her presence to local actors, to assist local actors in responding the same way the supervisor would. Shattuck and Woods [11] investigated commander's intent in a simulation where four battalions, with four company commanders each, responded to anomalies and found that company commanders who were successful in matching their battalion commander’s intent were able to determine the system status and were able to coordinate their activities with commanders of adjacent units prior to taking any action. The unsuccessful company commanders generally did not refer to the battalion commander’s statement of intent. They had a low tolerance for situational uncertainty, not acting until the where given more information, and in some instances not even incorporating new information into their mental model of the system. When a major, unanticipated event occurred on an adjacent part of the battlefield, these commanders would not deviate from their assigned mission, even though the event jeopardized the higher-order goals of the system.

From this research it is clear that just as goals and commitments to a team persist over time, so must support for coordinated activity. The projection of intent illustrates just how important a role synchronization plays. Synchronized activity refers to more than just an immediate state of “lock step” in which actions occur. While Cohen explicitly states that “actors will not necessarily operate in lock step or always be mutually co-present” [1] in the case of commander’s intent where actors are able to project and share mutual assumptions and understanding- activity is clearly synchronized with a separate echelon despite being forced to act on different time scales at different geo-spatial locations. This vertical loop connection helps ease the tension Cohen postulates, and Shattuck observes. This is an area where the need to continue acting despite disturbances in connectivity is paramount. The possible disruptions to actor activity are compounded due to the nature of acting within an unstable environment. The simple fact that the "amount" of information that can be absorbed, used or otherwise processed, varies according to expertise (relative to the situation), the manner in which it is presented, and the competing demands of the given situation. This variation in the capacity for actors to absorb and adapt information as the environment changes and connectivity is fluctuating creates a fundamental need for the ability for actors to support each other in the decision-making process, rather than solely relying on information to trickle down through possibly unreliable channels. A synchronization focus is vitally important to provide support for these impromptu joint decision making situations by allowing the propagation of information despite disturbances in connectivity – being on a synchronized loop means that just because connectivity is down does not mean communication and action need to halt.

4.2
Coordination in Emergency Response
Similar to military operations, emergency response organizations face similar time critical operational pressures. In the time critical world of emergency response, organizations are dependant on flexible yet synchronized responses to anomalous and uncertain situations. It is often not sufficient for local actors to simply follow the original plan; the plan must evolve and adapt to reflect changes in the world that must occur at the correct time and place as well as in the relation to the actions of the other actors in the system. To model such dynamic decisions and actions it is necessary to look at them from the perspective of coordination and reciprocity requirements to capture how actors are reducing uncertainty, achieving common ground, and projecting intent to meet the particular goals of the response. Synchronized Coordination Loops capture how to aid and maintain this organizational awareness, [7] and support continued communication within and across echelons - propagating intent information to support and encourage individuals to reciprocate not only within, but also between groups.
Emergency response has three general goals: save lives, stabilize the incident, and preserve the surround property and infrastructure. Environmental pressures and the emergency response organizations themselves can quickly confound these goals in complex and escalating incidents [14]. Individual response organizations are diverse, hierarchical, and often form multiple command centers when incidents develop. The resulting time-phased resource staging can produce multiple groups vying for control rather than being solely concerned with the emergency at hand. As incidents grow, it is difficult for the scope of the response to appropriately scale with this growth due to these factors (the time-critical nature of the events, the emergent multi-disciplinary nature of the ad-hoc organization, and the multi-layered nature of a large emergency response organization). Oomes and Neef [6] acknowledge the need for an information system that supports the proper build-up of an emergency response organization, starting with the smallest possible unit and remaining effective and useful throughout the entire process, aiding the organization shape itself into the most appropriate form at the correct time. Synchronized Coordination Loops are instrumental in being able to describe how to support the needs and goals of rapidly evolving organizations in highly dynamic environments [13].

 The authors recently observed a joint training exercise recently observed joint training exercise conducted by a major metropolitan fire department along with emergency medical personnel provides ample opportunity for assessment. The exercise represented a 'rapidly escalating' series of consequences and events based on a simulated terrorist event. Observations were first hand, examining how the interactions between ground units played out as the overall response scaled up, with specific focus on information and ‘victim’ handoffs between echelons and the department units (fire and medical). A high level of trust horizontally across departments was observed. As ‘victims’ were moved through the response, when a ‘victim’ was first identified they were tagged with a triage marker, which remained with the ‘victim’ throughout. Interestingly, problems occurred in the simulation when revisions in the triage-tag diagnosis were required- either due to the state of the ‘victim’ changing, or due to the ‘victim’ being handed off from a first-responder fire fighter to the EMS personnel in charge of moving the ‘victim’ to a hospital. Despite having working communication connectivity in the form radio contact they could use to moving ‘victims’ from the triage area to the outside ambulance staging area, the fire responders displayed little awareness of the load on the EMS personnel working the ambulance staging area. EMS personnel frequently were forced to transition from periods of ‘no victim traffic’ to periods of ‘too many victims’, which resulted in ‘victims’ being left unattended for extended periods of time. ‘Victim’s were observed being unattended in two separate scenarios: when personnel were busy with other victims and when staging personnel did not realize ‘victims’ “were still coming” from triage. At one point the observer controllers in the simulation observed the rough transition handoff between triage and staging. They explicitly told the ‘victims’ who were left unattended in the ambulance staging area to flop around on the ground and “start to die, then if they [EMS] don’t come over just lay still, because you’re now dead”. This exemplifies how lack of team-awareness on the horizontal level creates opportunities for surprise and lowers the robustness of the coordinated response as a whole, especially as it attempts to scale up with an incident.
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Figure 2: Diagram of the training exercise observed as a major metropolitan fire department worked with emergency medial personnel to respond to a rapidly scaling fire incident in a populated mall.
5.0
Discussion

Traditionally there has been little examination of how the functional requirements for coordinated activity can be used to design support systems for distributed coordinated activity. Such reflections on how Synchronized Coordination Loops can describe joint activity in supervisory control settings create a need for metrics to provide insight into how to balance the functional goals of the system with those of the team. At the organizational level there must be such a balance between meeting the functional requirements of work and capturing the artifacts needed for metrics if there is to be a hope for feedback driven analysis and improvement. As mentioned previously, simply adding connectivity does not address these fundamental requirements and does not result in successful team coordination. Coordination improvements based on metrics is the next step in order to go beyond current models of simply increasing communication and connectivity in an attempt to resolve the challenges of coordinated joint activity. Peffer et al. [9] have proposed initial metrics for analyzing coordinated work on the functional level based on a Functional Abstraction Network of the emergency response domain. One metric insight focuses on the relationship in organizational structure between how many supporting functions exist for any given work function and how many roles overlap at that given functional node is an excellent starting point for information regarding which roles work together to support which functional goals of the system. If roles are overlapping on a node and yet not interacting in the actual process, observers and designers have a new area for exploration and analysis. Should the actors be bridged in the actual process? How have they adapted to accomplish the work despite the disparity, and how can that expertise be exploited? It is clear such disjoints between functional overlap and role overlap provide ample starting points for process improvement, even for something as simple as identifying possible sources of information that would provide useful to a role or goal space. Additionally, asymmetries between the amount of supporting a functional goal is receiving and how many other goals said function is supporting provides a useful metric for identifying possible choke points in the system. Due to the costs of coordinated activity Peffer describes a scenario where functions that “are characterized by a large difference between the number of support versus supported links”, referring to a state in the world in which one would expect varying coordination breakdowns – fixation, shaky handoffs of information, and incorrect interpretations of intent, for example. 

Proper support for coordinated activities stems from seeding collaboration by connecting actors who share overlap in either functional or role spaces. This leads to increased ability to judge which goals in an organization are functionally brittle, and by looking at coordination as the fundamental unit of analysis coordinated activity is created with an awareness for the differences between how different actors, different echelons, even how the process all envision achieving specific goals- resulting in useful insight for everything from improving training through better expertise capturing, to helping resource management and retasking. 
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