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Summary
In this paper the study “Organisational Behaviour Representation” (OBR) will be presented including its current results and basic concepts. The study’s main objective covers the principles needed to build effective reachback organisations. As today’s missions are becoming more and more incalculable based on increased complexity and multiple options of accomplishment. As a result, dislocated command and control structures are necessary to meet present and future challenges of military organisations, but not unless they provide an agile and flexible layout, agile people and agile systems.
In our organizational model we consider the complex interconnections of many social and personnel parameters. Structures as well as processes of existing and prospective HQ concepts are explored by System Dynamics based modelling and simulation. One of the main objectives is to conduct decision support as well as improve and maximize the efficiency of operations by an “optimal” personnel arrangement.

To model and simulate dynamic processes in reachback organisations a software tool is developed within the OBR study. The study investigates the application of the OBR method for personnel planning and further on its implications for training and development in the pre-deployment phase.
1. Military Context and Objectives of the Study
The German Bundeswehr faces foreign deployment on a big scale.  One major objective is to maximize the efficiency of operations and HQ-concepts with an “optimal” personnel arrangement. This includes to the basic principle “As many people in the operational environment as necessary, as many in the home country or “home base” as possible”.

Therefore this study wants to answer two questions:

· How can concepts of dislocated Organisations fulfil these new military requirements? 

· Is there an influence of reachback to the performance of organisations?
In the process of finding appropriate answers the study’s research uses the OBR method to analyse and model the structures and processes of existing and future HQ-Concepts. In previous work we showed, that it is possible to model organisational behaviour with the OBR method.
For the simulation of dislocated organisations we are developing a demonstrator as a so-called “Thinking-Tool” that provides proposals for decision support within the operational planning process. This does not mean that the demonstrator substitutes the decision making-process performed by leaders. Instead the demonstrator makes proposals and gives ideas for improvement and identifying risks.

In the German Military Forces there are already two different but similar concepts of organising the C2 HQ process with a focus on dislocated organisation where the OBR method can be deployed in the future: 

· The “Homebase Concept” (HBC) of the Response Forces Command in Ulm (DEU) and

· The concept of reachback (RBC) organisation of the Air Operations Command in Kalkar (DEU).
Both concepts could be characterized as a form of dislocated co-operation in which a forward element relies on the help of a rear element in the home country by using communication and information systems technology acting as a single HQ. The main difference between the concepts is that the HBC is oriented in segmenting their functionalities of staff to a fixed schema for every type of operation while the RBC split their organisation “tailored to mission”. According to FINABEL´s (2008)[
] definition, as well HBC as RBC see reachback as “the process of obtaining mission essential expertise and information, in a timely manner, amongst and between deployed and non-deployed elements or organisations, in order to improve operational effectiveness”. Therefore reachback means to split up the C2 structure and its process physically into two organisational units that with a more or less intensive task dependent co-operation. 
In general reachback structure offers more flexibility to the organisation, more adaptability to the given framework of in the operational environment, as well as a minimization of the “footprint” in the operational environment. The expression “footprint” is used in this context as a summarized description for the amount of deployed staff, operational infrastructure or political impact in the military operation´s area. 
2. Human Factors in the context of dislocated C2 structures

Human Factors means a holistic view on operations and military organisations with a human centred perspective. With a Human Factors perspective on organisations we will define a C2 organisation as a socio-technical system. The concept of socio-technical system is well known within the scientific psychological research of organisations. It describes the continuous interaction of men, organisation and technology. For organisational development and structuring a socio-technical perspective on organisational performance implies two assumptions: interaction of system parts and joint optimization. The former describes the continuous collaboration of social and technological parameters in an organisation. Changes in the technological structure will provoke changes in the social structure as well. In addition, both categories are connected tightly with the processes. This assumption leads to the second of joint optimization. This expression includes that a sustainable organisational development could be only realized by changes of human routines, of the technological aspects, and last but not least on the working procedures of an organisation.     

By definition, the human factors are all physical, psychological and social characteristics of human being. Therefore, these factors influence men and actions in and with socio-technical systems. Furthermore, Human Factors also considers the influence of socio-technical systems on human behaviour (see also Badke-Schaub, Hofinger & Lauche, 2008, p. 4)[2]. 

Dislocated C2 structures as virtual teamwork 

In the context of modelling and simulation of organisational behaviour, parameters which are usually neglected, are also considered, for instance volition, ability or operational experience, and organisational learning. The modelling of organisational behaviour means the description of organisational processes and the interaction of relevant variables in these processes. The expression organisational processes summarize different forms of social mechanisms in interaction with the available technology, when organisational units have tasks to be performed. 

Improved communication and collaboration tools enable virtual teamwork, that is required and offers advantages like small “footprints”, flexible and agile staffing of reachback and deployed units, additional “ad hoc” expertise or industrial supplement. On the other hand, military organisations are going to face new demands in Human Resource Management during the implementation of this new organisational design. 

Virtual teamwork often fails due to non-effective or even missing collaboration. Basically the OBR model of social and cognitive processes is founded in Human Factors research. In particular the theoretical background is situated in the topic of organisational performance. For instance, organisational performance often decreases if shared situation awareness of reachback elements will be reduced or deficiencies in personnel resources appear. In contrast processes which increase organisational performance can be reinforced and supported by good practice, well-routined staff and optimised team preparation through personnel training or experience in military operations. 

3. Study’s Layout and Objectives of Modelling

The study investigates the use of the OBR tool for personnel planning.  To model and simulate dynamic processes in reachback organisations a software tool is developed within the OBR study. The study is structured into four basic work packages and a final case study. These are as follows:

1. Problem definition

2. System analysis, including evaluation of relevant literature. Some interviews with experts with mission experience were conducted. 

3. Analysis of the concept knowledge and derivation of the core problems of dislocated cooperation

4. Model formalisation and development of a demonstrator

5. Empirical case studies during the exercise “EUROPEAN ENDEAVOUR 09” for validation of the OBR model

In our organisational model we consider the complex relations of many social and personnel parameters. Structures as well as processes of existing and prospective HQ concepts are explored by system dynamics modelling. One of the main objectives covered  by this aggregated simulation, is to conduct decision support , and to improve and maximize the efficiency of operations with an appropriate personnel arrangement.

The following figure illustrates the modelling process for the organisation model. 
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Figure 1: The Modelling Process of the OBR-Model 
After an exploration phase, in which we conducted the real system by expert interviews, we have started to model the social processes of a military organisation. The conceptual model proclaims that total organisational performance depends on the functionality and working performance of its reachback units. Further on we assume that most of a dislocated organisation’s performance depends on the cognitive and social processes of information gathering and sharing during the fulfilment of tasks in the command and control process. Furthermore, this leads to some basic assumptions, which make the use of the system dynamics modelling language feasible for the investigation of reachback organisations. The model assumptions can be summarised as follows: 

· Most relevant performance shaping factors are group characteristics or structural characteristics of the task, e.g., task complexity, homogeneity of the working group, familiarity with and trust in computer mediated or virtual communication or experience with virtual team work in general. 

· Most relevant performance shaping processes are in general psychological processes of information processing. In particular this means the development of a so called “shared mental model” between the dislocated units. The conceptual model distinguishes also between two subprocesses in the information process: coordination process and task completion process for each task.  

The following section describes the conceptual model, the so called OBR metamodel, and selected parts of the excecutabel system dynamics model. 

The OBR model and its conceptual background

The OBR model sets the premises that socio-technical systems could be described by their working processes and their main characteristics, e.g., task complexity and usability of communication tools. So far, the OBR model reflects an operational view on the organisation. 

There are two different levels for the use of OBR: 

1. The OBR metamodel 

2. The Working process model of each so called “Cooperation Space”

The metamodel defines the relationships between the different components of organisations. The following figure shows the structure of metamodels with its key elements: 
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Figure 2: The OBR meta-model 
The elements of the meta-model are: 

· Functional Elements (FE) which represent the organisational structure

· Cooperation Space which represents the working process and its operational products  

· Workload represents the effective load for each cooperation space in a fixed time span 

· Organisational Performance as output measure of total performance of the working system 

For setting up a simulation, the user has to define certain parameters for each FE and for the cooperation space. A simulation run can only be conducted with defined interrelations between FE and cooperation space. From our point of view it seems to be useful to split up a complete C2 structure (or interesting parts of it) into separate working processes in the cooperation space. The behaviour of a cooperation space could be interpreted as the behaviour of a certain group of (more or less) dislocated actors. Every cooperation space owns certain properties, which either stem from the FE of the organisation or from the task of the cooperation space. Actually the simulation of the performance shaping processes is located in the cooperation space. Due to the definition of the cooperation space it is possible, that more than one FE will be allocated to a cooperation space because a specific task demands different skills from different FE. 

A dynamic input parameter, i.e. the workload of each cooperation space, provides the possibility to run different scenarios of organisational development. Finally, performance parameters of every cooperation space, e.g., quality, rework or time to perform, will be assessed into a global performance measure for the whole organisation.

The following table 1 shows selected parameters of the FE, as well as a selection of the cooperation space´s parameters. 

	Name
	 Definition

	pre-deployment training
	This value describes the duration and depth of the personnel training 

	deployment time 
	Mean deployment time of all positions 

	operational expertise
	Average time of professional experience

	technology experience and acceptance 
	Subjective measure of acceptance of the used communication technology 

	dislocation
	Degree of dislocated staff. The dislocation can range between 0 and 100%  


Table 1: Input Parameters of the OBR-Model for the functional elements
	Name
	 Definition

	task complexity
	Describes the characteristics of the task which has to be conducted.  Higher values of complexitiy indicate, that more problemsolving and less routine work has to be done. 

	technology usage
	Type of Information and communication technology, e.g., e-mail vs. video telephone conference 

	target manpower 
actual manpower
	Expected and effective manpower of the functional unit which fulfils the task 

	suitability
	Fit of staff´s qualifications and task affordances  


Table 1: Input Parameters of the OBR-Model for the cooperation spaces
The parameters are taken from expert interviews and document analysis of the scientific literature on virtual teamwork.

A systemic approach on modelling reachback processes and their social dynamics 

In fact, the OBR model´s kernel lays in the simulation of the working process that is situated in the cooperation space. For our study, we use the method of System Dynamics based simulation and the model language of causal loop diagrams. In literature of organisational sciences most of the theoretical models offer a set of descriptive categories of performance shaping factors. However, the question of investigating a suitable C2-structure on dislocated teams raises the need of a process model of this special kind of working system. The OBR model is based on two theoretical concepts that are established approaches for the explanation of working systems as socio-technical systems. These two concepts are:   

· The perspective on information processing between dislocated units. In particular the topic of the development of a shared mental model is highly relevant for a virtual team. This cognitive structure is usually defined as the common situational picture and expectations of the further developments in the area of responsibility of a specific working group (see e.g. Schaub, 2007)[
]. 
· The perspective of co-operative working systems, which distinguishes between two parallel proceedings of the working process and the change management process (see e.g. Wehner, Clases & Bachmann, 2000)[3].

Due to the properties of System Dynamics based modelling and simulation, the OBR model and in particular the modelling of the processes in the cooperation space offer a highly aggregated view on the whole working system: every cooperation space of an organisation uses the same model. Input parameters of the cooperation space can be varied by input from the FE or by direct user input (for examples see Table 1 and Table 2). 

In Modelling of the organisational dynamics the basic concepts are feedback loops. Increasing and decreasing variables in the system form loops of reinforcement or balance. For example, the less you learn the more working performance decreases and in consequence time pressure on the working system increases to cope with the workload. On the other hand, time for learning decreases and so activities in learning are continuously reduced.

Figure 3 shows a part of the entire causal loop diagram of the working process. For non-dislocated organisations we assume that a similar type of process diagram could also be valid. Dislocation specific processes of information sharing and the interactive development of the shared mental model are shown in Figure 4[4].
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Figure 3: Causal loop diagram of the working process (high level view)
The above causal loop diagram describes performance as a function of five parallel processes. Every process or loop is marked either by “R” for a reinforcing loop or “B” for a balancing loop. Reinforcing loops are processes in which the increase or decline leads to an increase or decline of the following measurement. Balancing loops behave like a balance, that means, that the increase or decline of certain parameters lead to the opposite. For example, the following listing shows two examples of modelled dynamic loops in the OBR model: 

· R1 “performance experience loop”: The staff of a cooperation space gains its experience by accomplishing work or dealing with the current workload.  A higher quantitative workload provokes increase in experience. This leads to higher performance again. 

· R2 “workpressure failure loop”: The gap between the expected and the actual performance results into an increased pressure of work pressure. When pressure rises, quality will decline. As a result, the working system will put more effort in coordination and also spent more time in initiating changes for process improvement. As a consequence staff´s capacity will be reduced and performance will decline.     

Similar to the causal loop diagram of the working process, there is another diagram for information processes in the cooperation space.  
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Figure 4: Causal loop diagram of information processing (high level view) 
Simulation of the reachback process 

Currently, our causal loop diagrams are undergoing a refinement. The next step we have been starting is to distinguish level variables (integration or stock) from rates (flows or activity). This identification of level variables is necessary to produce dynamic behaviour in the model (see Forrester, 1994)[5].  The mathematical model behind System Dynamics methodologies consists in general of integral functions which reflect the dynamic behaviour. At this point of our study, we have identified four “stock” variables of the working process: 

· Coordination,

· Work to complete,

· Process quality.

· Experience.

This first version of the “stocks and flow” simulation model can be used to build up any type of reachback organisation and can be executed. Our first run with a small data set from the Air Operations Command of the German Air force shows promising results. 

SD offers time-discrete simulation with the feature to approximate continuous simulations. For the application field of military reachback operations one day per time step appears to us as a reasonable simulation time period. 
Currently we defined five output parameters for our performance measurement: 

· current workload 

· process quality 

· amount of rework

· coordination effort

· time to reduce workload 

Our study´s progress will show the validation of the OBR model. The next steps conduct the utility of the method for operation´s planning and therefore for the Human Resources planning process. Finally we are going to do an empirical case study at the German Air Force to validate the constructed OBR model and simulation´s results.    
3. Implications for Human Resources Development and Training 
To summarize our current study work we formulate a few implications of our modelling and future simulation work for the Human Resources Development and Training.

From a Human Factors perspective there are differences in the pre-deployment training of reachback teams.  In contrast to teams which work together mainly co-located reachback units have to carry the additional burden of virtuality. The process of the development of the shared mental model seems to us very crucial for work group performance. In our study we suggest a first model of the development of the shared mental model in relation to working processes and structural group parameters. 

With the OBR model and simulation system it should be possible to simulate the organisational performance under different conditions like varying workload or unexpected critical incidents. During our study´s work we identified a lack of conceptual guidelines in the field of organisational performance. Military concepts do not offer a performance measurement framework. But human resource planning and development should be connected to organisational structure or tasks. We tried to do the first steps into defining performance measures for reachback organisations. 

From the results of the simulation process some decisions for the personnel planning process could be made. Decision support could be realized through different aspects. The user of the simulation will be able to vary input parameters for identifying critical levels of operation experience, personnel skills or fit between expected staff and necessary competences. Besides this the system should also show critical tasks or cooperation spaces in the organisational system. Human resource experts and training experts should be able to draw their consequences for task-related trainings for reachback in the pre-deployment phase.
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