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Abstract
Persson, M. 2014. Future Technology Support of Command and Control. Assessing the
impact of assumed future technologies on cooperative command and control. Digital
Comprehensive Summaries of Uppsala Dissertations from the Faculty of Social Sciences 96.
109 pp. Uppsala: Uppsala universitet. ISBN 978-91-554-8936-6.

In response to technological advances, especially in the field of information and communication
technology (ICT), the so called revolution in military affairs (RMA) and later the concept of
network-centric warfare (NCW) emerged as a theory to further utilize technology for military
command and control (C2). Advocates of the Swedish ROLF 2010-vision and the concept
of NCW have made claims and assumptions that future technology will improve mission
effectiveness by, for example, increasing the understanding of a current situation and its
development, the speed of command, and providing means to utilize more efficient forms of
organizations. The scope of this thesis is to critically dissect and assess some of these claims
and assumptions.

Four papers are included: (1) An observational study involving military officers participating
in a training session at the Swedish National Defence College’s command and control laboratory.
(2) A study performed with a microworld is presented with a discussion considering using
microworlds as a tool for investigating the effects of introducing characteristics of novel tech-
nology. (3) An experimental study introducing a method to measure individual’s apprehension
and assessed development of a situation. (4) Finally, an experiment is presented addressing
assumptions of the efficiency of different C2 architectures and effects of graphical support for
communication of intentions.

The overall conclusion is that the strong benefits from implementing new technologies can be
questioned. Results from the qualitative observations indicate that traditional working practices
are used regardless introduction of technology with future characteristics. The results show that
the strong positive effect that networked and technology enhanced C2 architecture was expected
to have generally could not be demonstrated experimentally. However, it appeared that such a C2

architecture can provide some advantages of C2 performance over traditional counterparts under
conditions of moderate complexity. Under situations of high complexity, neither the networked
nor the traditional C2 architecture performed better than the control condition who lacked C2

capabilities.
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Base level—physical properties:
Bandwitdth, network topology, server speed, etc.

Fourth level—general characteristics of networks:

• availability
• reliability

• concurrency
• survivability

• coverage, 
homogeneity

• security

Third level—characteristics of information:

• relevance
• clarity
• accuracy
• comprehensibility
• value

• timeliness
• consistency
• secrecy
• degree of 

interoperability

• age, currency
• completeness
• authenticity

Second level—characteristics of decisions:

• speed • soundness

Top level—force-level characteristics:
• speed of command
• self-synchronization
• effects-based operations
• information superiority

• force agility and massing of 
effects

• shared situational 
awareness

• reachback
• interoperability
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Orient

Decide

Act
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Purpose

Function

Form

Why?

What?

How?

C2 theory

Design

Application/process Levels Answers

B
ot
to
m
-u
pTop-dow

n
C2 System

 design

C2 System
 understanding
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Military activity

Orders

Frictions

Effects
Sensors

Data collection

Orientation

Planning

Mission
Accomplished

Mission
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Scrambled 
control mode

Opportunistic 
control mode

Tactical
control mode

Strategic
control mode

Assessment of 
subjective time

Adequate Inadequate

Determination of 
outcome

Success Failure

Number 
of goals

Available 
plans

Mode of 
execution

Event 
horizon
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Effectiveness • The required range of tasks must be accomplished 
at better than some required level of performance 
(e.g., in terms of speed and errors)

• by some required percentage of the specified target 
range of users

• within some required proportion of the range of 
usage environments

Learnability • within some specified time from commissioning and 
start of user training

• based upon some specified amount of training and 
user support

• and within some specified relearning time each time 
for intermittent users

Flexibility • with flexibility allowing adaptation to some specified 
percentage variation in tasks and/or environments 
beyond those first specified

Attitude • and within acceptable levels of human cost in terms 
of tiredness, discomfort, frustration and personal 
effort

• so that satisfaction causes continued and enhanced 
usage of the system



Technology

Basic Technology
⁃ Input/output devices
⁃ Communication technologies
⁃ End-user compting
⁃ Organizational computing

Advanced Technology
⁃ Information visualization
⁃ Ubiquitous computing
⁃ Affective computing
⁃ Communityware
⁃ Reality-based interfaces
⁃ Personal technologies

Task/Job
⁃ Task goals
⁃ Task characteristics
⁃ Task complexity

Global context
⁃ National culture
⁃ Norms
⁃ Universal accessibility

Context

Organizational 
context
⁃ Organizational goals
⁃ Org. culture & norms
⁃ Policy & procedures
⁃ Management support

Social context
⁃ Privacy
⁃ Trust
⁃ Ethics
⁃ Norms

Group context
⁃ Group goals
⁃ Group culture & norms

Human

Physical/Motor
⁃ Motor control
⁃ Comfort

Cognition
⁃ Cognitive style
⁃ Perception
⁃ Attention
⁃ Memory
⁃ Knowledge
⁃ Learning
⁃ Error
⁃ Distributed cognition

Demographics
⁃ Gender, age culture
⁃ Computer experiemce
⁃ Education

Emotion and
Motivation
⁃ Affectivity
⁃ Affective state
⁃ Mood/feeling
⁃ Emotion
⁃ Knowledge
⁃ Intrinsic motivation
⁃ Extrinsic motivation

Interaction
De

si
gn

U
se

Im
pa

ct
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FICS scenario A top-down scenario type describing an envisioned crisis 
situation that reflects overall claims and assumptions of 
future characteristics of command and control situations.

PACT analysis

People The aim is to satisfy the needs for a group of decision-
makers sufficiently trained to accomplish an assigned 
mission.

Activities

Context

Technology

Complexity

Physical environment 
and social context

Organizational context

Manual
Automatized/Real-time
Messaging

• Text (e-mail)
• Graphical
• Combination thereof

Temporal aspects Possible time pressure because 
of high or low tempo of own and 
others’ activities.
Is cooperation, coordination, and 
communication necessary to 
uphold or increase SA and 
accomplish the mission?

Input

Output

Is the mission characterized by 
solving tasks under high or low 
levels of complexity?

Communication

Laboratory environment where 
individuals and/or teams are 
tried under different conditions.

Hierarchical
Networked
Self-synchronized

Verbally allowed
Verbally not allowed
Fully connected
Restricted
Text only
Graphically supported

Manual
Automatized/Real-time
Everything visible on user 
displays (“Gods view”)
Visualization of the situation 
limited depending on actual 
sensor reach

Content of data Messaging
• Text (e-mail)
• Graphical
• Combination thereof

Real time
Delayed
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Facts

Selected
or

created
facts

Meaningful
facts

Larger, longer-
living structures

of meaningful
facts

Suitable
words: DATA CAPTA INFORMATION KNOWLEDGE

Cognitive
(appreciative)

settings

Context,
interests



INTANGIBLE TANGIBLE

ENTITY 2. Information-as-knowledge
Knowledge

Information-as-thing
Data, document

PROCESS 1. Information-as-process
Becoming informed

Information processing
Data processing

3.

4.
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Task and system factors

Individual factors

State of the
environment

SITUATION AWARENESS

Level 3
Projection of
future states

Level 2
Comprehension

of current situaion

Level 1
Perception of
the elements

DECISION
ACTION

EXECUTION

FEEDBACK

• System capability
• Interface design
• Stress & workload
• Complexity.
• Automation

Information processing
mechanisms

Automaticity
Long term

memory stores

• Goals & objectives
• Preconceptions

(Expectations)

• Abilities
• Experience
• Training
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Short
break

Long
break

RTMTR
(training session)

Approx. 15 minutes

Preparation for C3Fire

C3Fire
Individual session

12 scenarios

Approx. 2 hours

Individual training with C3Fire.

3 scenario types with respect of tempo:
• Fast - lasts 3 min 30 sec
• Medium - lasts 7 min
• Slow - lasts 14 min

9 scenarios (1-9) where the participant is 
able to immediately see all ongoing 
events in the C3Fire interface.

3 scenarios (10-12) where the participant 
only can see those events that are 
detected by the fire-fighting units' sensor 
range (3x3 cells)

C3Fire
Team session
18 scenarios

Approx. 2½ - 3 hours

3 scenario types with respect of tempo:
• Fast - lasts 3 min 30 sec
• Medium - lasts 7 min
• Slow - lasts 14 min

18 Scenarios with one of 3 possible styles 
of C2 architecture:

• Directed command
• Command by negation
• Control condition

Selection of
commander

Participants 
randomly assigned 

to one of three 
conditions

Assignment

Conditions of C2 architectures:
1. Directive command
2. Command by negation
3. Control condition
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