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ABSTRACT 

This paper presents work in progress on developing a meta-theory of C2 in emergency management. Most 
research in C2 focuses just on one or two scientific disciplines. Just one paper has been found that gives a 
systematic overview of the science of C2. 

The approach taken employs entity-relationship modelling, yielding a set of scientific disciplines. These 
disciplines are compared with five military C2 doctrine publications. Doctrine found in at least four publications 
corresponded to the disciplines of decision theory, leadership theory, organizational theory, psychology, and the 
degree of delegation. Some topics not covered by the disciplines were found, indicating that analysis should be 
extended to C2 processes, resilience, and agility, permitting the development of guidance for practitioners. 
Further work is needed to compare the disciplines with civilian doctrine. Moreover, the disciplines could be 
compared to ICCRTS and ISCRAM conference proceedings, yielding an assessment of the maturity of C2 
research. 
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INTRODUCTION 

Command & Control (C2) is seminally defined as “the exercise of authority and direction by a properly 
designated commander over assigned and attached forces in the accomplishment of the mission” (JP1-02, 2016). 
The overwhelming majority of the C2 literature is to be found in the military domain. As ISCRAM’s C2 Studies 
track shows, C2 is also an essential element of emergency management (EM). Other application domains share 
ideas with C2, but give it another name, e.g. mission control in spacecraft operations, traffic control or traffic 
management in transport and logistics, operations management in business, process control in industry, etc. 

C2 is a multi-disciplinary field, with a history going back hundreds of years. Much of the C2 literature takes the 
form of doctrine, recording practitioner knowledge. Even though technology has been used in C2 since the late 
1800s (e.g. the telegraph), the scientific literature on C2 only emerged from World War II onwards. After the 
advent of digital computing in the 1940s, the initial emphasis was on electrical and electronic engineering and 
on the fledgling information theory (e.g. coding, bandwidth, noise and distortion). This was followed by a focus 
on decision theory and cybernetics, then on human factors and cognitive psychology, with network theory being 
added most recently. 

The question that this paper addresses is: which scientific disciplines are relevant to C2? Finding an answer to 
this question is not just important to the C2 Studies track, but has consequences for research and practice in EM 
and the other domains. Armed with the knowledge of which disciplines are relevant to C2, research groups 
could make well-founded choices on their research programmes. Cross-disciplinary research questions, such as 
how culture influences the design and use of C2 systems, would be easier to identify. At present, it is common 
to focus on one or two aspects of C2 (typically technology and/or the cognitive task), at the expense of the rest. 
For practitioners, knowledge of the relevant disciplines would allow their training to balance all aspects, 
preparing them to better handle real emergencies. 

There have been some attempts to approach C2 from a multi-disciplinary viewpoint. An example in scientific 
research is to regard a C2 system as a socio-technical system (Walker, Stanton, Salmon & Jenkins, 2009), 
integrating technical choices with their social effects and vice versa. The practitioners’ world offers another 
example in the form of NATO doctrine, where the abbreviation DOTMLPFI – standing for Doctrine, 
Operations, Training and education, Materiel (i.e. equipment), Logistics, Personnel, Facilities (i.e. buildings and 
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infrastructure), and Information – is used as a mnemonic to guide C2 system design, planning, and operations 
(NATO, 2009). However, none of these attempts have been systematic, leaving open the possibility that some 
disciplines may have been under- or over-emphasized. 

This paper takes the approach that a meta-theory of C2 is needed. A meta-theory is a theory about theories. The 
ISCRAM 2017 CFP provides an example meta-theory for EM (see Figure 1), albeit for information systems in 
general. The purpose of this paper is to propose a meta-theory that determines which scientific disciplines are 
specific to C2. The meta-theory is constructed systematically from the definition of C2, from the relevant 
literature on C2 science, and from a small-scale, but realistic EM scenario (given in Section 2). Entity-
relationship modelling (Chen, 1976) provides the formal basis. First, the entity-classes involved and the 
relationships between them are identified in Section 3. Then the scientific disciplines associated with the entity-
classes and relationships are identified in Section 4. To test the meta-theory, it is compared with C2 doctrine (in 
Section 5). Finally, conclusions are drawn and further work identified in Section 6. 

 

 
Figure 1.   Example meta-theory from ISCRAM 2017 CFP. 

DEFINITION, LITERATURE AND SCENARIOS 

Definition 

The definition of C2 given in the Introduction is drawn from the military literature. To increase its relevance to 
EM and to simplify the task of identifying scientific disciplines, this definition is modified slightly. The term 
“resources” will be used instead of “forces”, and the distinction between assignment and attachment of 
resources will be relaxed. The term “commander” is retained, even though some organizations prefer “leader” or 
“manager”, because the term is recognized in the EM literature, e.g. in “on-site commander” and “incident 
commander”. In this paper, therefore, C2 will be defined as “the exercise of authority by a properly designated 
commander over assigned resources in the accomplishment of the mission”. 

Commanders are invariably supported by a C2 system, defined as “the facilities, equipment, communications, 
procedures, and personnel essential to a commander for planning, organizing, directing, and controlling 
operations of the assigned resources in accomplishing the mission” (likewise adapted from JP1-02, 2016). 
Facilities means fixed infrastructure, such as buildings, and equipment includes portable items, such as 
computers, radios, and phones. Personnel refers to other people who assist the commander in gathering 
information, providing (typically specialist) advice, and implementing or disseminating decisions. The 
commander and assistants will be collectively termed the command team. The team’s functions are given by the 
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latter part of the definition. While the original JP1-02 definition reads “planning, directing, and controlling”, the 
list of functions has been expanded to simplify identifying scientific disciplines. The functions may be 
characterized as follows: 

 Planning: establishing mission goals, decomposing them into sub-goals (a.k.a. command concept or 
command intent), deciding in advance what to do, how to do it, when and where to do it, and with 
what resources, formulating this as a plan, and testing it (e.g. by simulation or rehearsal). Where 
time permits, alternative plans or plans with contingent branches may be developed to cope with 
uncertainty, with the best being selected. 

 Organizing: obtaining the resources needed to execute the plan, and deciding to whom the tasks and 
resources should be allocated, bearing in mind the strengths and weaknesses of subordinates. 

 Directing: communicating command intent, motivating subordinates, allocating them tasks and 
resources, and coordinating (a.k.a. synchronizing) their actions. 

 Controlling: monitoring the execution of the plan, detecting deviations, and evaluating these 
deviations to determine how the plan needs to be modified to achieve the mission. 

Ideally, planning and organizing will be done during the Preparation phase of the EM life-cycle, and directing 
and controlling during Response and Recovery. In practice, however, it may be necessary to re-plan, obtain 
additional resources, and/or re-allocate tasks on-the-fly during Response and Recovery if the original plan 
proves unworkable. 

Scientific literature 

The scientific literature on C2 includes books, journals, and conferences. C2-related books are published by the 
AFCEA International Press, by the US DoD’s Command & Control Research Program (CCRP)1, and by 
Ashgate Press in their Human Factors in Defence series. Other relevant books include Van Creveld (1985), 
Harris & White (1987), Beam (1989), Coakley (1991), and Builder, Bankes & Nordin (1999). The only C2-
specific journal was the CCRP’s International C2 Journal (IC2J), which published five volumes from 2007 to 
20112. There is a wide variety of journals that occasionally publish C2-related papers, e.g. the International 
Journal of Man-Machine Studies, IEEE Systems, Man & Cybernetics, etc. There are two C2-specific 
conferences: one is the International Command & Control Research & Technology Symposium (ICCRTS) in 
the military domain and the other is ISCRAM, in the (civilian) EM domain. As for journals, there is a wide 
variety of mono-disciplinary conferences that also accept C2-related papers. 

Searching this literature reveals very few publications on the science of C2. Harris & White’s (1987) book is 
one, albeit exclusively technically oriented (and dated). AFCEA International Press published three volumes of 
collected papers on the science of C2 (Johnson & Levis, 1988) (Johnson & Levis, 1989) (Levis & Levis, 1994), 
and there is one ICCRTS paper (Cropley, Sproles & Cook, 2005). 

In their Preface, Harris & White (1987) sum up the state of C2 in the late 1980s as follows: 

“Looking to the future of command and control, there are four essential problems: 

1. There is no theory or design methodology for command and control of complex systems. 

2. There is an information chaos associated with the diverse nature, sources and wealth of data available 
in large scale systems. 

3. There is a technology revolution associated with the enabling technologies of [C2] systems (…). 

4. There is an organisational chaos associated with diverse uncoordinated projects, lack of 
interoperability, lack of software portability, use of different management techniques, etc.” (ibid., p.xi) 

While Harris & White (1987) noted that there was substantial research being devoted to C2 in Europe and North 
America, they believed that a fundamental solution could be found by developing a system architecture and 
implementation strategy. In short, they focused solely on technical aspects. 

The CCRP books, journal articles, and conference papers are focused on network-centric operations (NCO) 
(Alberts, Garstka & Stein, 1999), a.k.a. network-enabled capabilities (NEC) in NATO and Europe. In the 
beginning, NCO/NEC thinking was technically oriented, finding its inspiration in communications networks 

                                                           
1 See http://www.dodccrp-test.org/ccrp-books/. 
2 See http://www.dodccrp-test.org/c2-journal/. 
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(and the Internet in particular). This broadened out to include organizational aspects when researchers showed 
that the claimed advantages of NCO/NEC often suited decentralized organizations better than the traditional, 
centralized military hierarchy. The introduction of socio-technical systems ideas opened out C2 research to 
include cognitive and social psychology. These disciplines were applied to human factors in C2 systems and to 
regarding command teams (especially in multi-organizational coalitions) as social networks. Eventually, C2 was 
seen in the CCRP community as linking the physical, informational, cognitive, and social worlds (Alberts, 
Garstka, Hayes & Signori, 2001). 

The older AFCEA three-volume series on the science of C2 focused on coping with uncertainty, complexity, 
and change. Being collections of articles from AFCEA symposia, with contributions from military officers, 
government, and industry, as well as researchers, these volumes offered no coherent, overarching theory of C2. 
Key scientific contributions focused on modelling the C2 process (Levis & Athans, 1988) (Mayk & Rubin, 
1988) (Hitchins, 1994), on decision making (Klein, 1988) (Klein, 1994), and on organization theory (Crecine & 
Salomone, 1989) (Levis & Perdu, 1994). 

 

 
Figure 2.   Elements of Cropley et al (2005) schema. 

A search of the complete ICCRTS proceedings reveals just one paper proposing an overarching science of C2. 
Cropley et al (2005) endeavour to provide a rigorously defined schema for the systematic study of C2. Based on 
Checkland (1985), Cropley et al’s schema consists of four elements (see Figure 2): a framework (F) of ideas 
(a.k.a. body of knowledge) is used in a methodology (M) to investigate some area (A) of concern. The 
methodology is itself split into two components: M1 is the methodology needed to apply the knowledge in F, 
and M2 is the process of acquiring knowledge to add to F. Applying Cropley et al’s schema to C2, the area of 
concern is C2, and the knowledge in F is about managing emergencies. 

Cropley et al’s (2005) schema can be regarded as a meta-theory because it provides three views at the meta 
level, with scientific disciplines at the lower level. The three views are: 

 Command arrangements. According to Cropley et al (2005), command arrangements describe the 
degree of operational authority between headquarters, formation, and units and are concerned with 
assigning missions and tasks. They cover organizational issues such as the number of echelons in an 
organization, the span of control, patterns of linkages, and whether relationships are transitory or 
permanent. In short, command arrangements are the product of planning and organizing, ideally 
occurring before the operation begins. 

 Command. Cropley et al (2005) state that command covers the management, leadership, and/or 
coordination of the activities of a large and complex military force spread over a wide geographical 
area. Command focuses on the person of the commander. In short, command is the product of 
directing and controlling, and occurs in real time during an operation. 

 Command support systems. Cropley et al (2005) state that command support systems include 
headquarters staffs, communications networks, doctrine, messaging systems, computers, maps, and 
geographic information systems, software, standardization agreements, procedures, control 
measures, and databases. They specifically relate command support systems to C2 systems. 
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In their paper, Cropley et al (2005) developed a generic matrix, with the four elements in their schema as rows 
and the three views as columns. The results they obtained by filling in the cells are shown in Figure 3. 

 

 
Figure 3.   Cropley et al's (2005) generic C2 research profile matrix. 

The research reported in this paper focuses on systematically expanding on the disciplines they identified in the 
Framework of Ideas row of the matrix. Methodologies have yet to be studied. 

ILLUSTRATIVE SCENARIO 

A car crash is an everyday example of a small-scale emergency. It is confined to a small geographic area and 
involves few people. Nevertheless, it involves coordination between several organizations. 

In our scenario, we assume that a car slips on a patch of ice, colliding with a tree at the side of the road, and 
comes to rest back on the road. The occupants are injured and trapped in the car. Fortunately, there is no fire. 

For C2 purposes, the incident begins when a bystander calls the emergency telephone number (e.g. 112 in 
Europe or 911 in the USA). The emergency control centre answers the call, asking the bystander for details 
about the location of the incident, the number of vehicles involved, and the occupants’ injuries. The control 
centre despatches a police motorcyclist to direct traffic and onlookers, a fire truck to free the trapped occupants, 
and an ambulance to take the injured occupants to hospital. The information collected by the control centre is 
transmitted electronically to the motorcyclist, fire truck, and ambulance, and perhaps supplemented by 
information available in the vehicle (e.g. from a navigation system). 

Following procedures, the leader of the firefighting crew becomes the on-site incident commander. On arrival, 
he/she checks in with the control centre, and then directs two crew members to collect equipment from the fire 
truck, while another crew member administers first aid to the trapped occupants. A third crew member stands by 
with equipment to dowse a fire, should one start. The onsite commander reports events as they happen to the 
control centre. 

When the ambulance arrives, its crew takes over giving first aid, while the fire crew cut the occupants free. The 
ambulance crew then place the occupants on stretchers, and load them into the ambulance. In the meantime, the 
control centre has found a suitable hospital to treat the injured occupants, and passed this information to the 
ambulance crew. The ambulance sets off to the designated hospital. 
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Once the occupants have been freed from the car, the onsite commander radios the control centre to ask for a 
tow-truck to remove the car. After removal, the fire crew sweep up any debris, allowing the police motorcyclist 
to let the traffic flow normally. The onsite commander declares the incident as over, and releases the first 
responders to return to their stations. 

ENTITY-CLASSES AND RELATIONSHIPS 

Entity-Classes 

The entry-point for identifying entity-classes is the definition of C2. This definition centres on the commander, 
who fulfils a specific function, namely exercising authority and direction over resources to achieve the mission. 
The commander is a person, and his/her resources will invariably include other persons, namely the 
commander’s subordinates. Therefore, the first entity-class we identify is Person. 

Implicitly, the commander and resources are embedded in an organization. One clue is the phrase “properly 
designated”, implying a social institution with rules or laws. A second clue is that resources are assigned, and a 
third is that the commander has authority over those resources. These clues lead us to identify the Organization 
entity-class. 

The verb “exercises” shows that C2 is about performing action. That action is purposeful is indicated by the 
phrase “accomplishment of the mission”. These observations yield the entity-classes Action and Mission. 
Although a mission may be decomposed into lower-level tasks, we regard each task as just another instance of 
the Mission entity-class. Actions and missions are situated, so that a particular action may be successful in one 
situation but fail in another. Likewise, a mission may be appropriate in one situation but not in another. Hence, 
we identify the Situation entity-class. 

We have already observed that the commander’s resources include persons. Other resources will be 
technological in nature, such as vehicles, radios, buildings, and machines. In particular, we are interested in 
resources that incorporate information and communication technology (ICT). For this reason, we identify the 
Technology entity-class. While this entity-class could be sub-classed, we refrain from doing so for simplicity. 

Finally, we identify two intangible entity-classes. First, the persons involved are exchanging information. For 
example, the commander directs his/her resources, i.e. gives subordinates instructions. Subordinates will also 
coordinate their actions with other subordinates and report progress in achieving their mission back up to the 
commander, even though the definition does not allude to such information exchanges. To model an exchange 
of information, we identify the Message entity-class. Second, the actions of the commander (and other persons) 
will be guided by knowledge, whether gained in the classroom, on exercise, or in real operations. Hence, we 
identify the Knowledge entity-class. 

Some additional discussion on persons and organizations is called for. In emergencies, commanders and their 
subordinates are usually professionals, e.g. police, fire-fighters, medical, and rescue personnel. However, as the 
scenario shows, there are also other people, e.g. victims (like the occupants of the car), volunteers (like the 
bystanders who called 112/911 and administered first aid), and the unaffected (like the onlookers). In the EM 
literature, the other people that professionals must deal with are known as citizens. In the context of 
communication flows in EM, Manso & Manso (2012) have identified four roles that Persons may play in an 
emergency: as commanders (typically in a command centre), as first responders (in the field), as citizens 
(victims), and as citizen (unaffected). To Manso & Manso’s scheme we add the citizen (volunteer) role. To 
demonstrate that these are roles, and not entities in their own right, we note that a particular individual may 
change role during the course of an emergency. For example, if an unaffected citizen is injured or helps a first 
responder, then he/she becomes a victim or volunteer, respectively. For the purposes of this paper, we regard 
role as an attribute of the Person entity-class. Further research (e.g. for more complex scenarios) may show that 
it is better to regard role as a separate entity-class, with subclasses following Manso & Manso’s scheme. 

A similar scheme is needed to identify the roles that organizations play in EM. We have not found such a 
scheme in the literature, but it is possible that one exists, e.g. in UN OCHA. 

Relationships 

Linking entity-classes by key relationships helps to identify the scientific disciplines. We have already observed 
that people are central to EM. Therefore, we begin with the Person entity-class. 

As shown by our discussion of the different roles that a person can find themselves in, one person may have a 
social relationship with another. For example, a commander directs his/her subordinates, indicating that there is 
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a superior/subordinate relationship between them. A first responder may help a victim, and a volunteer may 
obtain resources (funds, crowd-sourced maps, etc.) for a commander. Such relationships are represented in the 
entity-relationship diagram by a loop joining the Person entity-class to itself. 

Another key entity-class is Organization. We observe that commanders and first responders are more or less 
formally related to an organization, often as employees or as contractors. If volunteers organize themselves into 
groups – think of crowd-mappers, crowd-funding donors, and the users of websites like ReliefWeb – then they 
call into existence an organization (real or virtual), and become its members. In short, Persons can be members 
of Organizations. 

Many other entity-classes are also related to Persons. Persons use Technology, whether this is to transport 
resources, to perform actions, or to transmit messages. Accordingly, the Technology entity-classes also has a 
transport relationship to Persons and other instances of Technology, a transmit relationship to Messages, and a 
performs relationship to Actions. Often, Technology items are owned by an Organization, namely the same one 
as the user belongs to. Messages are sent and received by Persons, and Persons possess Knowledge to guide 
them in taking Actions. 

Persons find themselves in Situations. They make sense of the Situation, assessing its desirability. If a Situation 
is undesirable, the Person may commit themselves to a goal (a Mission) to change the Situation by means of 
taking Actions. This implies that the Person must create a plan, i.e. a sequence of actions designed to achieve the 
goal. The Person may adopt a Mission because it meets his/her own needs, or because it is imposed by another 
Person (i.e. a commander), or because it is shared with other members of the same Organization. 

The relationships together with the entity-classes involved (actor and actee) are summarized in Table 1. 

Table 1.   Relationships between actor and actee entity-classes. 

Actor Relationship Actee 

Person socially related to Person 

Person member of Organization 

Person uses Technology 

Technology transports Person, Technology 

Technology transmits Message 

Technology performs Action 

Organization owns Technology 

Person sends Message 

Person receives Message 

Person possesses Knowledge 

Knowledge guides Action 

Person assesses Situation 

Person commits to Mission 

Mission specific to Situation 

Mission requires Action 

Action changes Situation 

Organization may impose Mission 

SCIENTIFIC DISCIPLINES 

Science is commonly divided into fields of study, known as disciplines or branches. There are three major 
groups: the formal sciences that study logic, mathematics, and computer science, the natural sciences that study 
natural phenomena such as biology, physics, chemistry, and astronomy, and the social sciences that study 
human behaviour and societies. In addition, the applied sciences cover fields such as engineering, medicine, 
information systems, and applied mathematics, physics, and chemistry. Disciplines relating to C2 are mostly 
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found in the applied, formal, and social sciences. 

C2-related disciplines may be identified from some entity-classes, but most are associated with relationships. 
The disciplines specific to key entity-classes are as follows: 

 Person. In addition to their physical characteristics, people differ in the ways that they behave and 
think. The exercise of C2 emphasizes the abilities to think, to make decisions, and, in commanders, 
to lead other people. Hence, the disciplines of psychology, and more specifically cognitive science, 
of decision theory, and of leadership theory are key. 

 Organization. The key disciplines are organization theory and management theory. 
 Technology. The key discipline relating to Technology is engineering. In computing and 

communications Technology, computer science (including information systems) is also important. 
 Message. The key discipline relating to messages is information theory, which includes 

communication theory. 

 
Figure 4.   Entity-relationship diagram (in black), with disciplines (in red). 

The disciplines relating to the relationships between entity-classes are as follows: 

 Sociology is important to understanding the relationships between persons. 
 Knowledge management is important to understanding what knowledge people should possess and 

how they acquire and use that knowledge. 
 The psychological sub-disciplines of situation awareness and sense-making are important to 

understanding how people assess situations. 
 Cybernetics and control theory is important to selecting and sequencing actions to change situations 

to achieve goals, i.e. the set of relationships linking Person, Situation, Mission, and Action. 
 Political and military sciences are important to understanding the member relationship linking 

Person and Organization. 
 Network theory and logistics are important to understanding the transportation of people and other 
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resources and to the transmission of messages. 
 Systems theory determines what kinds of technology are most suited to the use by people. Human 

factors – itself part of cognitive science – determines the usability of technical systems. 
 Information science, information theory, and communications theory are important to 

understanding the exchange of messages between people. 
Figure 4 shows the entities and relationships (in black) as a network, with entities as nodes and relationships as 
links. This network is annotated with the scientific disciplines (in red). The scientific disciplines, together with 
their Wikipedia definitions, are listed in alphabetical order in Appendix A. Asterisks show disciplines additional 
to Cropley et al (2005). 

COMPARISON WITH C2 DOCTRINE 

Doctrine is a codification of beliefs or a body of teaching or instructions in a domain of knowledge. NATO 
(2016, p.45) defines doctrine as the “fundamental principles by which the military forces guide their actions in 
support of objectives. It is authoritative but requires judgement in application.” 

Five documents (two US and three Dutch) detailing military C2 doctrine were reviewed. Common topics in at 
least four of the documents were: 

 Decision making, often represented as a cyclic process with feedback. 
 Leadership theory, itself a part of psychology. 
 The spectrum from fully centralized to fully decentralized. Mission command refers to the mid-

point in this spectrum, where the commander defines the mission and the subordinates determine 
how this mission is achieved. 

 Organization theory in terms of the organizational structure and staff responsibilities. 
Table 2 compares the military C2 doctrines with the scientific disciplines identified in the previous section. 
Doctrinal topics matched with the disciplines of control theory, decision theory, engineering, information 
theory, knowledge management, leadership, psychology, and organization and management theory. 

Table 2.   Comparison of military C2 doctrine with disciplines. 

MCDP6 (2006) NDP6 (1995) NDD (2005) LD I (2000) JDP5 (2012) Discipline 

Planning     Control theory 

OODA OODA    Decision 
theory Decision-

making 
Decision-
making 

Decision 
making 

Decision 
making 

Decision making 

  Issuing 
instructions 

Issuing 
instructions 

Issuing 
instructions 

 C2 system  C2 system C2 system Engineering 

DIKW DIKW    Information 
theory Comms theory     

Information 
management 

    Knowledge 
management 

Leadership  Leadership Leadership Leadership Leadership 

C2 spectrum C2 spectrum Mission 
command 

Mission 
command 

Mission 
command 

Organization 
theory 

 Command level, 
structure & staff 

Command level, 
structure & staff 

Command level, 
structure & staff. 

C2 principles 

Organization 
& management 
theory 

Image theory     Psychology 

   Ethics & law  (none) 
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Ethics and law fail to emerge from the entity-relationship analysis because they represent constraints on the 
behaviour of Persons and Organizations. By contrast, entity-relationship analysis is limited to static properties of 
C2. This indicates that the analysis must be extended to include dynamic properties, such as C2 processes, 
resilience, and agility. 

CONCLUSIONS AND FURTHER WORK 

This paper presents work in progress on developing a meta-theory of C2 in emergency management. Most 
research in C2 focuses just on one or two scientific disciplines. There have been some attempts to approach C2 
from a multi-disciplinary viewpoint, including the socio-technical systems approach and the NATO abbreviation 
DOTMLPFI. One scientific paper (Cropley et al, 2005) has been found that gives a systematic overview of the 
science of C2, based on three views on C2: command arrangements corresponding to the Preparation phase, 
command corresponding to the Response and Recovery phases, and command support systems corresponding to 
the underlying C2 systems. 

This paper expands on Cropley et al’s (2005) Framework of Ideas. Entity-relationship modelling (Chen, 1976) is 
used to formalize the meta-theory. First, entity-classes and relationships are identified from the C2 definition, 
scientific literature, and a small-scale scenario. Then, scientific disciplines are obtained from this model. While 
the resulting list of disciplines is more extensive than that identified by Cropley et al and in the five military C2 
doctrine publications, comparison shows that the analysis must be extended to the dynamics of C2. This would 
permit developing guidance for practitioners. 

Possible further work includes using more complex scenarios, extending the analysis to C2 processes, and 
comparing the disciplines found with a wider range of C2 doctrine publications and with the proceedings of the 
ICCRTS (military) and ISCRAM (civilian) conferences, enabling the maturity of C2 research to be assessed. 
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APPENDIX A.   SCIENTIFIC DISCIPLINES WITH THEIR DEFINITIONS 

Discipline Definition(s) 

Cognitive science Cognitive science is the interdisciplinary scientific study of the mind and its 
processes, examining the nature, the tasks, and the functions of cognition. 

Computer science * Computer science is the study of the theory, experimentation, and engineering that 
form the basis for the design and use of computers. 

Cybernetics / control 
theory * 

Cybernetics is a transdisciplinary approach for exploring regulatory systems – 
their structures, constraints, and possibilities. Control theory is an engineering 
method that deals with the behaviour of dynamical systems and their inputs, and 
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how their behaviour is modified by feedback. 

Decision theory Decision theory (or the theory of choice) is the study of the reasoning underlying 
an agent’s choices. 

Engineering Engineering is the application of mathematics and scientific, economic, social, and 
practical knowledge to invent, innovate, design, build, maintain, research, and 
improve structures, machines, tools, systems, components, materials, processes, 
solutions, and organizations. 

Geography & navigation * Geography is a field of science devoted to the study of the lands, the features, the 
inhabitants, and the phenomena of the Earth. Navigation is a field of study that 
focuses on the process of monitoring and controlling the movement of a craft or 
vehicle from one place to another. 

Information science * Information science is an interdisciplinary field concerned with the analysis, 
collection, classification, manipulation, storage, retrieval, movement, 
dissemination, and protection of information. 

Information theory / 
communication theory * 

Information theory is the study of the quantification, storage, and communication 
of information. Communication theory is a field of information theory and 
mathematics that studies the technical process of information and the process of 
human communication. 

Knowledge management * Knowledge management is the process of creating, sharing, using, and managing 
the knowledge and information of an organization. 

Leadership & followership 
* 

Leadership is both a skill and a research area encompassing the ability of an 
individual or organization to lead or guide other individuals, teams, or entire 
organizations. Followership refers the capacity of individuals to follow a leader. 

Military science Military science is the study of military processes, institutions, and behaviour, 
along with the study of warfare, and the theory and application of organized 
coercive force. 

Network theory * Network theory is the study of graphs (or networks) as a representation of either 
symmetric relations or, more generally, of asymmetric relations between discrete 
objects. 

Organization & 
management theory 

Organizational behaviour is the study of human behaviour in organizational 
settings, the interface between human behaviour and organizations, and the 
organization itself. Management science is the interdisciplinary study of problem 
solving and decision making in human organizations, with links to economics, 
business, engineering, and other sciences. 

Political science Political science is a social science discipline that deals with systems of 
government, and the analysis of political activities, political thoughts, and political 
behaviour. 

Psychology * Psychology is an academic discipline devoted to the study of behaviour and the 
mind, embracing all aspects of conscious and unconscious experience as well as 
thought. Relevant sub-disciplines include: cognitive science, leadership & 
followership, human factors, human error, and learning. 

Sociology Sociology is the study of social behaviour or society, including its origins, 
development, networks, and institutions. 

Systems theory Systems theory (or systems science) is the interdisciplinary study of systems in 
general, with the goal of discovering patterns and elucidating principles that can be 
discerned from and applied to all types of systems at all levels of nesting in all 
fields of research. 
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