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Effective and efficient command and control: A concept method for 

inquiring the impact of visual representation on order quality 

 

Abstract 

What is effective and efficient command and control (C2)? One way of answering this question is to 

measure the quality of products generated within the C2-process. The main product from the C2-

system, in purpose of directing and coordinating the execution system, is undoubtedly the order. One 

might think that the quality of orders directly correlates to effects generated in the operational 

environment. However, because of the unforeseeable and unavoidable events in the operational 

environment, such a causal relation is not necessary true. This paper presents a concept method for 

experimentally testing relations between order quality and outcomes, by using a simulated 

microworld in which such events are controlled. 

One particular aspect of order quality is the representation of the actual tasks and goals. This work 

propose an approach that connects to earlier work on operational pictures as a requisite for situation 

awareness in general and mission understanding in particular. Further, this paper suggests that 

orders could be adapted to the situation at hand by complementing the textual order with 

visualizations of military tasks and goals. This line of investigation owns its specific timeliness to the 

escalating focus on, and need for, mission command in multi-domain C2 in a context of both military 

and civil defence. 

What is effective and efficient C2? 

C2 capability is achieved by high quality orders (missions) as depicted in figure 1. 

 

Figure 1. Conceptual model displaying relations between C2 capability, order quality, tasks and goals. 
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For obvious reasons, the effectiveness and efficiency in military orders cannot be tested in the field 

with complete ecological validity. Therefore, the C2 community must develop other methods with 

the purpose of validating the quality of orders. This claim results from the theoretic point of 

departure on C2 that I advocate. My standpoint is grounded in a systems thinking approach as 

follows: the C2 system is our system in focus but it does not produce any effects in the operational 

environment in isolation. Instead, it provides direction and coordination to the execution system 

with its kinetic and non-kinetic parts. Together they constitute the mission respondent system. The 

mission respondent system has the capability to create real effects in the operational environment 

(figure 2). 

 

Figure 2.  A cybernetic C2 process model with five sub-processes (data providing process, orientation-, 

planning-, influence-, and communication process) is depicted in a systemic context where the mission 

respondent system is constituted by the execution system and the C2 system together. In this “case”, the blue 

friendly mission respondent system is handling a red antagonistic situation system. Both the mission 

respondent system and the situation system are contained within the operational environment. Adapted from 

Spak & Carlerby (2018, p. 8). 

Orders is not the only class of products produced by the C2-system. Naturally various significantly 

important products such as common operational pictures, commanders intent, concept of operation, 

operational plan etc. are produced within the C2-process. However, I consider the orders to be the 

class of products that a) constitutes the aggregated result of all other products created earlier in the 

C2-process and, b) directs the execution system on what to achieve and how to coordinate 

resources. Therefore, orders deserve a special inquiring interest. 

There are various definitions of C2. Vassiliou, Alberts and Agre (2014, p.1) states: “Command and 

Control (C2) is the set of organizational and technical attributes and processes by which an enterprise 
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marshals and employs human, physical, and information resources to solve problems and accomplish 

missions.” 

Brehmer (2010, p. 1) provides a second definition and claims: “[C]2 is a human activity that aims at 

solving (military) problems. Put differently, C2 is concerned with design and execution of courses of 

action to achieve (military) goals.” 

Finally, I have chosen to include another often-cited definition given by McCann and Pigeau (2000, p. 
165): “The establishment of common intent to achieve coordinated action.” 
 
All three definitions express C2 as an activity and both Vassiliou et al. (2014) and Brehmer (2010) 
highlight the aspect of problem solving with the purpose of accomplish missions/achieving goals.  
McCann and Pigeau (2000) choose to focus on the coordination aspect of C2 as the purpose.1 The 
authors do also provide an answer to how “coordinated action” can be achieved – by “the 
establishment of common intent”. 
 
McCann and Pigeau (2000, p. 168) argue that common intent (a balanced proportion of both implicit 
and explicit intent depending on the character of the situation and organizational structure) can be 
established by sharing (explicit) intent “among multiple members of a team or organization.” Sharing 
explicit intent in turn demands: “(a) a common language must exist; (b) the parties who are 
attempting to communicate must have a baseline level of literacy in that language; and (c) a 
communication medium must be available.” Besides these three conditions, opportunity for dialogue 
is also crucial. 
 
I argue, in line with McCann and Pigeau (2000), that sharing intent is of central importance to reach a 
high level of C2 capability (see also e.g., Alberts & Hayes, 2006, pp. 36-39; Builder, Banks & Nordin, 
1999). The main single product for sharing explicit intent is the order. Therefor it is unfortunate that 
very few studies have focused on this issue specifically. Some exceptions do exist though; see for 
example Shattuck and Woods (2000) and Gustavsson, Hieb, Moore, Eriksson and Niklasson (2011). 
 
This paper suggests that the quality of orders can be measured as high scores on effectiveness and 

efficiency regarding the fulfillment of specified tasks and goals. This work uses the definitions of 

effectiveness and efficiency found in the European committee for standardization (2018) regarding 

usability. 

 Usability is defined: “extent to which a system, product or service can be used by specified 

users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified 

context of use”. 

 Effectiveness is defined: “accuracy and completeness with which users achieve specified 

goals”. 

 Efficiency is defined: “resources used in relation to the results achieved”. 

The division in effectiveness and efficiency follows in some perspectives the division in goals and 

tasks.2 Goals represent what (and to some extent why) should be achieved and tasks can be regarded 

as means (how) to reach the goals. Tasks can be carried out more or less efficient i.e., with more or 

                                                           
1 However, McCann and Pigeau (2000, p. 165) do mention the “attainment of a mission” as a key part of 
defining the term “command”. 
2 From here on, the term “goal” is used for end state, objectives, decisive conditions and effects. The term 
“task” is used for activities. The use of a more complete hierarchy of related terms is not needed for the 
purposes of this article. However, the wider range of terms is often used in military handbooks (see e.g. NATO, 
2013, ch. 1, pp. 10-12). 
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less resources and executed more or less according to admitted procedure. The catch is of course 

that tasks executed perfectly according to procedure and with a minimum of resources does not 

guarantee goal fulfillment. 

This division in goals and tasks to reach them is relatively easy to observe in higher levels of 

command, when strategic level goals are transformed to operational level tasks that in turn are 

transformed to tactical level goals and so on. However, when entering the execution system the 

division in goals and tasks are not always obvious. At the extreme, a platoon leader gives a direct 

order to the squad leaders to go left or right of an obstacle. The goal is implicit or in fact, the same as 

the task – there is in practice no division in goal and task. This work focuses on component command 

and above, hence the division in goals and tasks is still useful. 

Indirect measures of C2 capability has dominated the C2 literature. For example document measures, 

process measures and cognitive measures (see Dekker, 2009). These measures are more or less 

feasible but none of them measures the actual outcomes in terms of goal fulfillment (effectiveness) 

and if tasks are executed in an efficient way.3 The validity of these indirect measures could therefore, 

in some perspectives, be questioned. Noteworthy, there are some efforts done to correlate 

measures of (shared) understanding to measures related to task and goal fulfillment, see e.g., 

Berggren (2016, pp. 110-112). 

Many studies have focused on the level of awareness or understanding in individual staff members 

or in the staff team regarding what is going on in the operational environment (see e.g., Stanton, 

Salmon, Walker, Salas, & Hancock, 2017). This is certainly an important step towards insights 

regarding what to do about a noticed problem or a set of problems. Yet, this is seldom what actually 

is observed and measured, and even less about how developed courses of action affect targets in the 

operational environment thereby generating desired effects and fulfilling goals. Brehmer (2006) 

highlights this aspect – this need for action-oriented understanding: 

The second reason for including the action component in sensemaking4 is that action is 
what C2 aims at; it is not aimed at contemplation or knowing in the abstract; it 
concerned with finding a course of action that will achieve the mission. Finding the 
requisite COA is the goal of the commander and his staff; before they know what to 
do, it cannot be said that they have understood the mission and the situation. (p. 12) 

 
The core point is; it is not enough to be aware of what is going on, whether it be elements of the 
external situation at hand or specific content within an order, if this awareness is not followed by an 
insight about what to do. How to escape this problem of indirect measures is the topic next pursued. 
 
How should effective and efficient C2 be measured? 

I argue that a set of dependent variables needs to be established that measures C2 capability in 

terms of tasks and goals fulfillment. However, this is not quite so straight forward as it may seem 

(Baroutsi, 2018). First, goals must be defined in such a way they can be measurable. Second, “users” 

(i.e. receivers of orders) in the execution system must carry out their tasks in a controlled 

environment so that reliable measures can be collected. This controlled environment could be a 

                                                           
3 My focus on order quality could be interpreted as an example of a document measure as stated by Dekker 
(2009). However, in contrast to Dekker, I suggest that quality primarily should be measured as a result from 
effective actions that in turn has been induced by a document such as the order. 
4 The term sensemaking is altered to orientation in later publications by the author, see e.g., Brehmer (2013, p. 
84). 
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simulated microworld (see e.g., Brehmer & Dörner, 1993) and I will return to the necessary 

requirements on such a world. 

One way of moving forward on this issue is to examine military handbooks for useful definitions of 

tasks and goals. A limited amount of military handbook texts describes how goals should be stated. 

The formulation of goals are most developed on the military strategic level and the operational level 

of command. North Atlantic Treaty Organization (NATO) has developed some guidelines regarding 

how goals can be stated (planning staff and assessment staff working together) in order to be 

measurable and assessable (NATO, 2013, ch. 5, pp. 11-19; NATO, 2014). Examples can also be found 

that indicates goals should be written in “general terms” (Försvarsmakten, 2016, p. 33). 

On the other hand, when tasks are concerned, military handbooks do present lists of defined tasks 

including for example: combat -, other- , and functional tasks. These lists include dozens of different 

tasks (e.g., see NATO, 2006; Försvarsmakten, 2016, pp.  45-50). 

This limited literature survey indicates that military tasks could be a suitable candidate to use for 

measurement purposes. However, goals seems to be more difficult to operationalize explicitly. 

Swedish army  handbook (Försvarsmakten, 2016, p.6) claims a common goal state image is a 

requisite for decision making on the command level where needs and possibilities arises, thus coping 

with frictions and event development without unnecessary time delays enabling own initiatives and 

actions. Hence, the common goal state image could perhaps be an instrument to express goals, even 

though expressed in “general terms” in text format. 

How should the order be expressed? 

If an agreed upon set of dependent variables could be developed, how then does orders influence 

this set? In other words, how should orders be disposed to generate high scores on effectiveness and 

efficiency when members of the execution system solve tasks to create desired effects and thereby 

fulfilling military missions or goals? This question has to my knowledge, not been thoroughly 

examined within the academic field of C2. Hence, the disposition of orders is the independent 

variable in this experimental approach. Next, I will introduce reasoning on how to manipulate the 

order variable. 

The Swedish army has a planning method, the Planning Under Time pressure model (PUT), destined 

for the tactical level of command, which proscribes the use of “goal state images” representing 

desired outcomes in the operational environment (Thunholm, 2003): 

[C]larity in goal and intent formulation is insured in the PUT model by the initial 

definition and the continuous refinement, of a preliminary goal state vision. The 

preliminary goal state vision is graphically visualized, incrementally defined during the 

process and is explicitly guiding the whole planning process. (p. 46) 

It is evident that Thunholm emphasize the importance of the graphically visualized goal state image 

throughout the entire planning process. Thunholm’s stance can be traced back to Serfaty, MacMillan, 

Entin and Entin (1997) who experimentally investigated the level of expertise among a group of 46 

military officers. Their findings include experts to have more rich and complex mental models and an 

elevated use of visualizations: 

They were also more likely to use the map as a visualization tool, indicating that they 

were considering the effects of terrain and distance on possible movements…Experts 

seem better able to “see” what could go wrong with their plans, which is also 
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consistent with the idea of the creation and use of a richer mental model to visualize 

outcomes. (pp. 242-243) 

The relation between the common operational picture (COP) and C2 is inquired in (Spak, 2017). The 

author concludes from the interview data that: 

The statement most reiterated by the participants in the first interview series 

concerned the difficulties and importance of “understanding the mission”. This is very 

important when considering the planned COP. This product could be used for 

enhanced communication with subordinate C2 levels about the desired end-state and 

the different phases leading to that end-state. (p. 18) 

To conclude, there are several sources indicating that the use of visualizations (e.g., goal state 

images) when creating military orders could be raising order quality. Therefore, this approach should 

be further investigated. In other words, this line of work suggests testing whether the addition of 

visualizations to standard text orders, enhance order quality and thereby increase effectiveness and 

efficiency for the mission system when solving tasks to fulfil goals. These visualizations should follow, 

in this stage of the investigative effort, standard (tactical) procedure concerning content and 

presentation. However, if results indicate benefits from adding standard visualization methods, 

further research efforts could focus on how different visualization methods could affect effectiveness 

and efficiency (see e.g., Spak, 2017, pp. 16-18 regarding content and presentation of the COP in 

respect to the different stages in a C2-process). 

What sort of “operational environment”? 

A simulated microworld should be designed to represent typical features of the chosen scenario. 

Naturally, there are many possible types of scenarios. One example of a systematic structure of 

different scenario types is presented in Alberts and Hayes (2005, p. 202). It is a matrix built up by two 

main variables. The first is “Mechanism of Engagement” and spans from “Conflict” to “Cooperation”. 

The second is an actor variable spanning from “Individuals/Networks” up to “Nation States” but also 

including “Systemic Challenges”. 

I agree that the level of conflict is one of the most important factors to consider when designing a 

suitable scenario. This was indicated in previous C2-exercises conducted at the Swedish Defence 

University (SEDU) (Spak & Andersson, 2018). We observed for example during a scenario 

representing a war-avoiding strategy, that the participant representing the strategic level of C2 was 

prone to conduct pronounced direct command (not risking an unforeseen escalation of conflict). It is 

reasonable to assume that the level of conflict could have severe effects on the possibilities to 

communicate within a military force and between that force and other agents or actors in society. I 

believe this varying communication capacity also affects visions of mission command. At a low 

conflict level, there may be strong incentives to conduct more of a detailed directive command. At a 

high conflict level, there may be incentives for noticeable mission command because of physical 

circumstances if no other reason. I will return to this issue when presenting my suggested 

experimental approach. 

The operational environment can be represented differently depending on the research questions in 
focus and the level of fidelity as shown with the two following examples. The Experimental 
Laboratory for Investigating Collaboration, Information-sharing and Trust (ELICIT) is a software 
platform with the following objective (Ruddy, 2007): 
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The objective of the experiment design is to conduct a series of online experiments to 
compare the relative efficiency and effectiveness of traditional command and control 
(C2) vs. self-organizing, peer-based edge (E) organizational forms in performing tasks 
that require decision making and collaboration. (p. 4) 

 

Participants are tasked with the questions of when, where what and who regarding an adversary 

attack (an intelligence scenario). Information in terms of “factoids” are injected into the experiment 

organization. These factoids contribute to pieces of the solution but the participants have to lay the 

puzzle to reach the complete answer by collaboration and information exchange. The condition (C2 

vs. E) that arrives to the correct answer first has “won”. More than 25 scientific papers related to 

ELICIT have been published (Alberts, 2019). A few studies have also tried to enhance the original 

platform to include a more operational scenario (see e.g., Simpson & Ruddy, 2012). 

The C3Fire microworld is another software platform frequently used for experimentation primarily 

focused on team decision making and situation awareness in the context of command, control and 

communication (e.g., Johansson, Persson, Granlund & Mattsson, 2003). The basic scenario is dealing 

with firefighting where participants direct their firefighting resources to extinguish fires that emerge 

in the environment. The typical manipulation handles different communication architectures. The 

simulation activates fires in a predestined manner and the outcomes is typically measured as 

remaining cells not burned down. Approximately 30 scientific papers can be related to the use of the 

C3Fire platform (Granlund, 2019a, 2019b). 

As far as I have been able to understand, these two often used experimental platforms have not (yet) 

been used to investigate the impact of order quality. In one study, using C3Fire, the feature of 

graphical intent was applied (Persson & Rigas, 2014). This particular sort of intent related to the 

specific moves demanded for individual firefighting resources. It did not concern communication 

about an overall operational intent. Nevertheless, the above mentioned experimental platforms are 

good examples were experiences can be harvested and lessons learned to create an even more 

useful microworld in the quest for new knowledge for developing C2 capability. 

An experimental approach to validate order quality 

In this section, I use the People, Activities, Context, Technology (PACT) framework (Benyon, 2014) to 

structure the suggested investigations. This experimental concept is divided into two major steps or 

phases. The initial first phase has the purpose to test the central idea of the whole approach. The key 

feature is the manipulation of the order. It is necessary to find out whether the two order conditions 

really have the power to inflict significant differences on the dependent variables. A major concern in 

this stage is to conduct this test without spending unnecessary time and money on the development 

of a new high fidelity simulated microworld. In this stage, reuse or adaption of existing options is a 

suitable way forward. 

The participants (People) should be selected so that their individual differences regarding for 

example experience, education, culture etc. are limited to insure that the potential effects of this 

variation do not affect outcomes in vain. Three participants will be engaged in each experimental 

session. They will each represent and be responsible for a defined domain within the chosen 

scenario. In the first phase, participants will not be able to communicate with each other. The lack of 

communication creates control of this potentially influential variable. 

The specific activity (Activities) to execute is to reach a defined goal by solving specified tasks. 

Participants will receive an initiating order that describes the goal state and the concept for how the 
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specified tasks are supposed to facilitate reaching the goal state. The goal state is given either as a 

conventional text-based order (control condition) or as a combination of text and a visualization – a 

graphical representation of the goal state including the key features of the execution concept (the 

experimental condition). To measure the effects of the order manipulation (independent variable), 

suitable dependent variables have to be developed (as described below regarding examples in the 

second phase but in a more abstract manner). 

The execution concept is constituted by three major tasks: one concerning the land component 

command (LCC), one for the maritime component command (MCC), and one for the air component 

command (ACC). However, in the first phase of this experimental approach the tasks can be of a non-

military character. The requirement is only that they should be adequately separated – in different 

physical domains. Further, the goal state will require effective synchronization when task execution is 

considered. This implies cooperation between participants. The tasks have to be difficult enough to 

admit significant effects by the order manipulation. In other words, if the tasks are too easy, it will 

not matter how the orders are designed (e.g., with or without visualization support), participants will 

perform close to maximum anyway. The level of difficulty has to be tuned in with pilot-sessions 

testing. 

Each participant have the possibility to interact with a set of designated resources coupled to each 

domain. The interaction is a simple “drag-and-drop” type. In other words, a participant who wants to 

move a resource clicks on that object/symbol and then clicks on the target destination to create “a 

move” (the proposed interaction method indicates a computerized tool – this is not a requirement 

per se though, if specified demands can be achieved without computerized support, that solution 

should be considered as well).  

The scenario (Context) in the first phase is a low fidelity simulation, which only has to include key 

proportions of the operational environment. These proportions include a suitable level of complexity, 

i.e., the simulation creates dynamic and partly opaque circumstances. 

The apparatus (Technology) necessary for conducting the experiment must have the capacity to 

represent an operational environment, resources connected to the participants and their roles, 

resources connected to a hostile situation. Further, it has to handle the interaction performed by the 

participants in respect to the environment including the hostile situation. Moreover, it has to be able 

to save all events within a specified period of time (a session or trial) in such a way that the data can 

be retrieved and easy to exploit and analyzed. Last, but not least it has to manage a set of rules that 

controls the behavior of the before mentioned operational environment and the resources within it. 

These rules must be able to execute predestined simulated events (the experiment should be one-

sided, i.e., participants engage in simulated scenarios) and as responses to actions taken by the 

participants. These rules are the requisite for the experiment to be replicable. Given that the first 

phase of the experimental approach results in confirmation concerning the effect of order 

manipulation, the next phase can be initiated. 

In the second phase, a number of experimental design modifications will appear. Participants will be 

military personnel with an appropriate level of education and experience suited for the used type of 

scenario. They will represent three different domains (LCC, MCC, ACC) and they will be able to 

communicate with each other during one condition but not in the other (see figure 3). 
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Figure 3. The variables order and communication result in four different conditions. 

Participants will be provided an operational order (or key elements of an operational order) in either 

one of two ways (independent variable). In condition “A” the order will be of a traditional text based 

type. In condition “B” the order will be complemented with a visualization representing a goal state 

description and an execution concept concerning the three major tasks destined for the component 

commands (see figure 4). The actual design of these visualizations will be a delicate matter well 

suited for a joint effort by the research team together with military (tactical) expertise. 

A hypothetical operational goal could for example be to restore strategic logistic capacity in and out 

of the city “Gothia”. The three main tasks to reach this goal could be: a) establish ground operative 

control in a specified area surrounding “Gothia” (LCC); b) establish maritime operative control in a 

specified sea-area (volume) outside “Gothia” (MCC); and, c) establish air operative control in a 

specified air area (volume) above “Gothia” (ACC). 

The participants will have a set of simulated resources (units) at their disposal to carry out their tasks. 

This organization could, like the visualizations mentioned earlier, benefit from being developed 

jointly in cooperation between researchers and military expertise. A balance between level of fidelity 

and experimental requirements (time to learn the software platform by conducting training sessions; 

time to execute the experimental sessions; finding a manageable level of complexity in order to 

interpret outcomes in relation to actions taken by participants; etc.) will be necessary to establish. 

Possible outcomes or results must be developed (dependent variables). The goal: restore strategic 

logistic capacity in and out of the city “Gothia” must be operationalized in a measurable manner. The 

number of merchant vessels arriving safely to the harbor of “Gothia” complemented with number of 

civil aircrafts landing at the “Gothia” airport during a session could work. This would be measures of 

effectiveness regarding the operative goal. These measures could be complimented by for example 

numbers of own and enemy losses. These figures in relation to goal fulfillment could be a measure of 

task efficiency. Further, the tactical tasks must also be treated in the same way as the operative goal. 

This process could, I believe, be both complicated but also rewarding, when tactical expertise from 

the three domains must synchronize their apprehension of respective task core content. 

The scenario will be at a state actor level and conducted under two different levels of conflict. One 

level will represent a war-avoiding strategy and lines of communication will be at full capacity, hence 

the condition “team communication” displayed in figures 3 and 4. The other level of conflict will be a 

war-fighting strategy and lines of communication will be severely reduced or non-existing, hence the 
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condition “no team communication”. The technological requirements on the software platform will 

be similar but more complicated or advanced in the second phase. 

 

Figure 4. Experimental design (second phase) related to the C2 process model. 

Conclusive remarks 

This paper presents arguments to why order quality should be more extensively inquired. This is so 

because orders are the central product leaving the C2-process. Hence, orders are indeed a suitable 

candidate to examine and enhance for those interested in raising C2 capability. I suggest that an 

experimental microworld paradigm can be utilized to explore and find credible results leading to 

enhanced orders. This work proposes one specific character as a possible order improver. This 

character is a visualization of goals and tasks that could complement a more traditional text-based 

operational order. 

The effects of raised order quality should be registered as high levels of effectiveness and efficiency 

regarding task execution and goal fulfillment. The two levels of command of special interest is the 

operational and the component level. The experiences of using “goal state images” at the tactical 

level could perhaps be successfully applied to the operational level as well. 

If this research effort provides results indicating raised order quality and thereby increased 

effectiveness and efficiency for the mission respondent system because of the suggested 

visualizations of tasks and goals, a more visualization-specific question could be addressed: How do 

different types of new visualizations affect order quality (dynamic graphics, multidimensional 

technics etc.)? This would be a suitable proposal for future research. 

In times when the need for enhanced cooperation within the military force and between that force 

and other actors in society has risen, a tool for enhancing orders, generating action-oriented 

understanding that can be shared between members of the organization, is most wanted. 
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