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This research created a metric named comprehension to help determine the 

likelihood that a human using an information-centric control system would be 

able to make a decision based on the information available.  This control system 

affects the output of a yet larger integrated system that is composed of numerous 

subordinate organizations which are in turn composed of thousands of individual 

machines and humans joined through an integrated information network.  The 

metric is composed of two components, called perception and expertise, and 

expands the concept of a human as a serial information processor.  The perception 

component is indicative of the amount of information that the human acquires 

from the external environment.  The expertise component is indicative of the 

amount of information that the human acquires from his internal memory.   

Three tactical-level decision making scenarios were created for the use case.  

These entities can be thought of as software objects that interact as finite state 
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machines.  Within the information domain, the scenario data were represented 

both graphically and textually in discrete ten-percent increments via a depiction of 

a representative battle command system.  These scenarios were used to collect 

data from 24 recognized expert human military tactical decision makers that were 

determined to be likely representatives of the population of the 80 military 

officers projected to be in command of US Army Units of Action in 2020.   

The collected expert data were then analyzed to determine the statistical 

validity of the model and comprehension metric through the testing of an 

experimental hypothesis.  This hypothesis was supported based on the data 

collected for the three domain-specific scenarios.   

An example application was then developed to illustrate how this metric could 

be used within the tactical military domain during the training of human operators 

using a representation of an Army Battle Command System (ABCS).  This 

application was then extended to illustrate how this metric could be used in the 

design, development and testing of the proposed future military battle command 

system in a virtual simulation-based environment.  Afterwards, the data were 

analyzed to discern any useful concepts for further research and application in 

other domains using safety-critical information-based systems 

 

 



v 

Table of Contents 

List of Tables........................................................................................................viii 

List of Figures ......................................................................................................... x 

1: Introduction ......................................................................................................... 1 

2: Literature Review................................................................................................ 8  

2.1: Available Models and Simulations ............................................................ 8 

2.2: Human Information Processing and Decision Making............................ 19 

3: Metric Development.......................................................................................... 34 

3.1: The Comprehension Metric ..................................................................... 34 

3.2: The Expertise Component........................................................................ 38 

3.3: The "Use Case" Categories ...................................................................... 47 

3.4: Conditions for Testing the Metric............................................................ 49 

4: Experimental Method........................................................................................ 52 

4.1: Experimental Hypothesis ......................................................................... 52 

4.2: Number of Subjects.................................................................................. 54 

4.3: Collecting Subject Expertise Data ........................................................... 58 

4.4: Creating the Scenarios ............................................................................. 60 

4.5: Collecting Subject Perception Data ......................................................... 64 

5: Experimental Results and Analysis................................................................... 66 

5.1: Validating Subject Population Expertise ................................................. 66 

5.2: Validating Subject Population Perception ............................................... 70 



vi 

5.3: Validating Subject Population Comprehension ....................................... 73 

5.4: Testing the Experimental Hypothesis ...................................................... 83 

6: Application of the Metric and Methodology..................................................... 85 

6.1: Application to a Current Military Simulation.......................................... 85 

6.2: Application to an Emerging Military Simulation .................................... 94 

6.3: Application to a Virtual Collaborative Environment............................... 99 

7: Conclusions ..................................................................................................... 110 

7.1: Summary ................................................................................................ 110 

7.2: Conclusions............................................................................................ 113 

7.3: Implications for Future Research........................................................... 115 

Appendix A: Subject Demographics................................................................... 119 

Appendix B: Summary of the Unit of Action in 2020 ........................................ 126 

B.1: The Army Military Operations Process ................................................ 127 

B.2: The Battlefields of 2020........................................................................ 130 

B.3: The Unit of Employment....................................................................... 136 

B.4: The Unit of Action ................................................................................ 139 

B.5: The Future Combat System................................................................... 144 

Appendix C: Scenario One and Analysis ............................................................ 146 

C.1: Scenario One Presentation .................................................................... 146 

C.2: Scenario One Analysis .......................................................................... 152 

Appendix D: Scenario Two and Analysis ........................................................... 154 



vii 

D.1: Scenario Two Presentation.................................................................... 154 

D.2: Scenario Two Analysis ......................................................................... 160 

Appendix E: Scenario Three and Analysis ......................................................... 164 

E.1: Scenario Three Presentation .................................................................. 164 

E.2: Scenario Three Analysis........................................................................ 173 

Appendix F: Scenario Two Time Domain Conversion....................................... 175 

F.1: Creating the Scenario in the Time Domain ........................................... 175 

F.2: Converting the Scenario into the Information Domain ......................... 182 

Appendix G:  Subject Interviews ........................................................................ 184 

Bibliography........................................................................................................ 233 

Vita ...................................................................................................................... 266 

 



viii 

List of Tables 

Table 1: Decision Type Combinations.................................................................. 50 

Table 2: Subject Expertise Assessment................................................................. 59 

Table 3: Expertise Data Analysis .......................................................................... 69 

Table 4: Perception Data Analysis ........................................................................ 72 

Table 5: Comprehension Data Analysis................................................................ 77 

Table 6: Comprehension Outliers Analysis .......................................................... 77 

Table 7: Kolmogorov-Smirnov Tests of Normality for Expertise ........................ 79 

Table 8: Kolmogorov-Smirnov Tests of Normality for Perception ...................... 80 

Table 9: Pearson's Correlation............................................................................... 82 

Table 10: Model Summary.................................................................................... 82 

Table 11: ANOVA ................................................................................................ 82 

Table 12: Multivariable Linear Equation .............................................................. 83 

Table 13: Subject Demographic Data ................................................................. 119 

Table 14: Summary of Sample Population Differences...................................... 123 

Table 15: Active Duty Subject Demographic Data............................................. 123 

Table 16: Retired Subject Demogrpahic Data..................................................... 123 

Table 17: Scenario One UA Commander’s Information Availability ................ 151 

Table 18: Scenario One Data .............................................................................. 153 

Table 19: Scenario Two UA Commander’s Information Availability................ 162 

Table 20: Scenario Two Data.............................................................................. 163 

Table 21: Scenario Three UA Commander’s Information Availability Part 1 ... 171 

Table 22: Scenario Three UA Commander’s Information Availability Part 2 ... 172 



ix 

Table 23: Scenario Three Data............................................................................ 174 

Table 24: Scenario Two Information Distribution in Time Domain .................. 182 

Table 25: Consolidating Scenario Two Information Distribution ...................... 183 

Table 26: Average Values and Changes between Scenarios............................... 232 

 

 



x 

List of Figures 

Figure1: The Human as a Serial Information Processing System......................... 20 

Figure 2: The Comprehension Metric ................................................................... 39 

Figure 3: An Example of the Metric ..................................................................... 48 

Figure 4: Determining Sample Size ...................................................................... 55 

Figure 5: Combat Probabilities Table and Example ............................................. 62 

Figure 6: Combat Resolution Table and Example of Process............................... 63 

Figure 7: Expertise by Scenario ............................................................................ 67 

Figure 8: Average Expertise and Changes between Scenarios ............................. 68 

Figure 9: Average Expertise Distribution ............................................................. 69 

Figure 10: Perception by Scenario ........................................................................ 70 

Figure 11: Average Perception and Changes between Scenarios ......................... 72 

Figure 12: Average Perception Distribution ........................................................  73  

Figure 13: Comprehension by Scenario ...............................................................  75  

Figure 14: Average Comprehension and Changes between Scenarios ................  76  

Figure 15: Comprehension Distribution...............................................................  77  

Figure 16: Scatter Plot Test for Linearity and Homoscedasticity ........................  80  

Figure 17: Comprehension Residual Scatter plot.................................................  81 

Figure 18: The BCS as a Closed-loop System .....................................................  88 

Figure 19: The BCS including the Comprehension Metric..................................  88 

Figure 20: Example BCS Iteration with the Comprehension Metric ...................  90 

Figure 21: Using the Comprehension Metric—Method One...............................  92 

Figure 22: The Digital Warrior Architecture .......................................................  95 



xi 

Figure 23: The Digital Warrior Assessment Process ...........................................  98 

Figure 24: The Digital Warrior Virtual Tactical Operations Center ....................  98 

Figure 25: The FCS Advanced Collaborative Environment ..............................  100 

Figure 26: The Mission and Means Framework ................................................  103 

Figure 27: The Commander’s Comprehension Function.................................... 106 

Figure 28: Expert Demographic Profile Part 1.................................................... 121 

Figure 29: Expert Demographic Profile Part 2.................................................... 121 

Figure 30: Active Duty Expert Demographic Profile Part 1 ..............................  124 

Figure 31: Active Duty Expert Demographic Profile Part 2 ..............................  124 

Figure 32: Retired Expert Demographic Profile Part 1....................................... 125 

Figure 33: Retired Expert Demographic Profile Part 2....................................... 125 

Figure 34: The Army Operations Process ........................................................... 129 

Figure 35: The Army Operational Concept 1990................................................ 132 

Figure 36: The Army Operational Concept 2003................................................ 134 

Figure 37: Types of Areas of Operations ............................................................ 134 

Figure 38: The Army Operational Concept 2015................................................ 135 

Figure 39: The Global Information Grid (GIG) .................................................. 137 

Figure 40: The Unit of Employment and Levels of Command........................... 138 

Figure 41: The Unit of Employment (UEx) Organization .................................. 138 

Figure 42: The Unit of Action (UA) Design ....................................................... 140 

Figure 43: The UA Command Elements............................................................. 141 

Figure 44: The Future Force Staff Structure ....................................................... 144 

Figure 45: An Initial FCS Concept ..................................................................... 145 



xii 

Figure 46: The FCS Family of Systems .............................................................. 145 

Figure 47: Scenario One Background Information ............................................. 147 

Figure 48: Scenario One Information Requirements .......................................... 147 

Figure 49: Scenario One Mission, Intent, and COA Sketch ............................... 148 

Figure 50: Scenario One Situation at 50% Information Requirements............... 148 

Figure 51: Scenario One Situation at 60% Information Requirements............... 149 

Figure 52: Scenario One Situation at 70% Information Requirements............... 149 

Figure 53: Scenario One Situation at 80% Information Requirements............... 150 

Figure 54: Scenario One Situation at 90% Information Requirements............... 150 

Figure 55: Scenario One Situation at 100% Information Requirements............. 151 

Figure 56: Relevant Scenario One Answers ....................................................... 153 

Figure 57: Scenario Two Background Information ............................................ 155 

Figure 58: Scenario Two Terrain Assessment .................................................... 155 

Figure 59: Scenario Two Enemy Situation ......................................................... 156 

Figure 60: Scenario Two Mission, Intent, and COA Sketch............................... 156 

Figure 61: Scenario Two Information Requirements.......................................... 157 

Figure 62: Scenario Two Situation at 50% Information Requirements .............. 157 

Figure 63: Scenario Two Situation at 60% Information Requirements .............. 158 

Figure 64: Scenario Two Situation at 70% Information Requirements .............. 158 

Figure 65: Scenario Two Situation at 80% Information Requirements .............. 159 

Figure 66: Scenario Two Situation at 90% Information Requirements .............. 159 

Figure 67: Scenario Two Situation at 100% Information Requirements ............ 160 

Figure 68: Relevant Scenario Two Answers....................................................... 161 



xiii 

Figure 69: Scenario Three Background Information .......................................... 165 

Figure 70: Scenario Three Terrain Assessment .................................................. 165 

Figure 71: Scenario Three Enemy Situation ....................................................... 166 

Figure 72: Scenario Three “Other Groups” Situation ......................................... 166 

Figure 73: Scenario Three Mission, Intent, and COA Sketch............................. 167 

Figure 74: Scenario Three Information Requirements........................................ 167 

Figure 75: Scenario Three Situation at 50% Information Requirements ............ 168 

Figure 76: Scenario Three Situation at 60% Information Requirements ............ 168 

Figure 77: Scenario Three Situation at 70% Information Requirements ............ 169 

Figure 78: Scenario Three Situation at 80% Information Requirements ............ 169 

Figure 79: Scenario Three Situation at 90% Information Requirements ............ 170 

Figure 80: Scenario Three Situation at 100% Information Requirements .......... 170 

Figure 81: Relevant Scenario Three Answers..................................................... 173 

Figure 82: Scenario Two Situation at T+0 .......................................................... 176 

Figure 83: Scenario Two Situation at T+1 .......................................................... 176 

Figure 84: Scenario Two Situation at T+2 .......................................................... 177 

Figure 85: Scenario Two Situation at T+3 .......................................................... 177 

Figure 86: Scenario Two Situation at T+4 .......................................................... 178 

Figure 87: Scenario Two Situation at T+5 .......................................................... 178 

Figure 88 Scenario Two Situation at T+6 ........................................................... 179 

Figure 89: Scenario Two Situation at T+7 .......................................................... 179 

Figure 90 Scenario Two Situation at T+8 ........................................................... 180 

Figure 91: Scenario Two Situation at T+9 .......................................................... 180 



xiv 

Figure 92: Scenario Two Situation at T+10 ........................................................ 181 



1 

1. Introduction 

This research created a metric named comprehension to help determine the likelihood 

that a human using an information-centric control system in a dynamic operating 

environment would make a decision that affects the output of a yet larger integrated 

system.  This larger system is composed of multiple subordinate organizations which are 

in turn composed of thousands of individual machines and humans joined through an 

integrated information network.  The metric is composed of two components, called 

perception and expertise, and expands the concept of a human as a serial information 

processor.  The perception component is indicative of the amount of information that the 

human acquires from the external environment.  The expertise component is indicative of 

the amount of information that the human acquires from his internal memory.   

For this research process a dynamic operating environment was defined as an 

environment in which the interactions between entities and their environment change 

over time.   This definition is based on perspectives from the fields of systems theory and 

decision-making theory.  In this environment, the outcomes of future events will depend 

on the information and outcomes from previous events.  In systems theory, a system is 

said to be dynamic if its output at any instant depends on the strengths of all of its inputs.  

A dynamic system has memory. [Lathi 2002]  In decision field theory, “Dynamic theories 

specify how the preference relation or probability function changes as a function of 

deliberation time.”  Specifically, dynamic decision tasks “involve a sequence of decisions 

in which choices and outcomes available at later stages depend on choices and outcomes 

that occur at earlier stages.” [Busemeyer 1993]  This agrees with the system theory idea 
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of memory.  Other sources for defining the dynamic environment include theories using 

the Markov Decision Making Processes under partially observable conditions, which also 

reinforce the concepts from system theory. [Cassandra 1994, Cassandra 1996, 

Stankiewicz 2004] 

Currently, there are accepted models and procedures to build and test system 

hardware and software components to meet specifications. [AEADP 2002, ASWBP 

2001, CJCSM 2003, IAICP 2002, NSC 1998, Pew 1998, Rasmussen 1994, Schenk 2004, 

Siegel 1969]  However, as will be discussed further in the next chapter, there were no 

currently available multi-organizational models and simulations for use in developing the 

human comprehension metric for the future battle command system.  In addition, no 

published models of human decision making performance were currently accepted for 

use in the anticipated virtual collaborative environment.  Nor were these models 

projected to be available in the near term. [Bannon 2001, Canham 2002, Charlton 2002b, 

Charlton 2002c, Cherry 1989, Cody 1989, Diem 2003, Ioeger 2003, Linton 1989, 

MacGregor 1997, Pew 1998, Pew 2000, Redmill 1997, Silverman 2001a, Silverman 

2005, Wray 2003]    

As there were no available models or simulations, it was first necessary to develop a 

model of human decision making upon which to base the development of the 

comprehension metric.  To overcome this limitation, a model could be built based on 

current organizations using similar control systems and modifying the results to meet the 

needs of the future situation.  However, there were currently no architecture simulations 

of the current Army Battlefield Command System (ABCS) with sufficient resolution 

available.  In addition, the use of the physical ABCS components was not feasible due to 
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cost. [CAATS 2005, CPD 2003, C3D 2003, Hallenbeck 2004, SoRC 2003]  In summary, 

it appeared that this was a favorable area in which to conduct new research as there were 

many unresolved issues. 

In light of the shortcomings of available models, simulations, and applicable battle 

command systems, four research questions were developed to structure this research and 

experiment.  When answered in sequential order, they resulted in the logical development 

of the comprehension metric and led to potential future research topics. 

RQ1:  How can we define a metric for measuring the information requirements of 
a human decision maker using a future information-centric, human-machine 
control system? 
 
RQ2:  How can we validate this metric within a specific domain? 
 
RQ3:  How can we use this metric conceptually to train human operators to use 
the projected future battle command system and to build (design and develop), 
and test (validate and verify) the system itself? 
 
RQ4: How can we transfer this metric for use in other domains? 

 

The comprehension metric that resulted from answering these four questions was 

created using a model of a future control system’s human decision-maker operating in a 

dynamic, large-scale, information-centric environment.  The model considered the human 

as a serial information processor and was framed within current multi-disciplinary 

concepts of cybernetic control theory, human expert decision-making and situational 

awareness.  To make the research more tractable, a “use case” was developed from 

emerging U.S. Army doctrine for a future force organization circa 2020.  The human-

centric focus for this use case was a Unit of Action (UA) commander, who controls an 

organization of approximately 3,000 soldiers, and over 1,000 manned and unmanned, 
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aerial or terrestrial systems.  His role is to decide how to best mass the effects of his 

combat power at the decisive point in space and time. [ATR 2003, FCS 2003, FM 3-0 

2001, FM 3-90 2003, FM 6-0 2001, Hamburger 1989, Mod2 2004, Moroney 1995, O&O 

2003, O&Ov3, 2004]  The machine-centric focus for this use case was a military tactical 

control system integrated within a pervasive global information system.  Distributed 

fusion centers will create information for this control system from data transmitted from a 

myriad of persistent sensors and then transmit it via a global information grid (GIG). 

[Alberts 2000, Endsley 2000b, FM 6-0 2001, GIG 2004, Ioerger 2003, Sproull 1991, Van 

Crevald 1985, Wickens 1998]  This control system provides information to the UA 

commander so he can regulate decision making processes, which in turn, cause other 

subordinate and peer organizations to initiate actions to solve complex national or 

international security concerns.  Within the military domain, this control system is 

usually referred to as a battle command system. [FM6-0 2001, BCC 2003, BCS 2003]  

Three tactical-level decision making scenarios were created for the use case.  The 

entities used in each scenario were first created within the time domain using combat 

power and movement rates against various levels of opposition from open-source Army 

doctrinal or related publications. [Dupuy 1987, FM 34-130 1994]  In the military domain, 

doctrine is used to develop a common understanding of the methodology for solving 

complex national security problems through the application of military power. [FM 3-0 

2001, FM 5-0 2005, FM 6-0 2001]  Entities were developed that represented military 

organizations and geospatial objects in the environment.  These entities can be thought of 

as software objects that interact as finite state machines. [Fussell 2005, Jenevein 2005]  

The scenario data were then transformed from the time domain into the information 
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domain using a simple time and information transformation.  Within the information 

domain, the scenario data were represented both graphically and textually in discrete ten-

percent increments via a depiction of a representative battle command system.   

These scenarios were used to collect data from 24 recognized expert human military 

tactical decision makers that were determined by current officer career development 

policies [OPD 1998] to be likely representatives of the population of the 80 military 

officers projected to be in command of US Army Units of Action in 2020.  This allowed 

a model of the future human decision maker to be constructed.  Modeling a human 

decision maker is often thought of as being too difficult due to task complexity and 

human variability in dynamic environments. However, screening criteria were developed 

to sharply focus the data collection on recognized expert military tactical decision 

makers.  This allowed for the quantitative and qualitative measurement of their level of 

domain expertise and perception of the situation.   

The collected expert data were then analyzed to determine the statistical validity of 

the model and comprehension metric through the testing of an experimental hypothesis.  

The hypothesis was that a defined group of expert military tactical decision makers used 

less than 80% of the available priority information to make decisions within their domain 

of expertise.  This hypothesis was supported based on the data collected from the 24 

tactical experts for the three domain-specific scenarios.  Afterwards, the data were 

analyzed to discern any useful concepts for further research and application. 

Example applications were then developed to illustrate how this metric could be used 

within the tactical military domain.  One example demonstrated how to inject the metric 

into a representative current military simulation.  Another example was a virtual 
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interactive training system that uses the third scenario and the components of the 

comprehension metric developed from this research.  The training system is called the 

Digital Warrior Project and it is being developed at The University of Texas at Austin for 

the U.S. Army Battle Command Training Center at Fort Hood, Texas. [Stawasz 2005a]   

Finally, the application was then extended to illustrate how this metric could be used in 

the design, development and testing of the proposed future military battle command 

system in a simulation-based virtual collaborative environment.   

The research methodology to answer the four research questions was structured in the 

six remaining chapters and seven appendices.  In the next chapter, the results of the 

literature review establish the baseline for the development of the comprehension metric 

from emerging concepts of perception and human expertise.  In the third chapter, the 

method used to develop the comprehension metric from the model of the human as a 

serial information processor is explained.  In the fourth chapter, the experimental 

hypothesis and method used to test the validity of this model and the comprehension 

metric are discussed.  Since this is a human-machine system, particular attention is paid 

to understanding the statistical basis for the determination of the number of subjects 

required to realistically replicate for analysis the likely number of UA commanders in 

2020.  In the fifth chapter, the results of the experiment, along with the analysis of the 

results, are presented.  In the sixth chapter the example applications are presented.   

Finally, in the last chapter, conclusions based upon the results of this research effort are 

presented.  Potential applications outside of the military domain in other safety-critical 

systems, as well as future research in the areas of software-based intelligent agents and 

human decision making, are explored briefly. 
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First, however, it is useful to review the literature so that a baseline can be established 

to place this research on the firm foundations of previous successful research.  In turn, 

this allows the results of this research to further extend the body of knowledge in the 

multiple domains in which it is based. 
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2. Literature Review 

In order to establish the baseline for developing the comprehension metric it was 

necessary to first include aspects from two different but related research areas.  The first 

aspect was from within the military domain and involved assessing the current state of 

relevant combat-based models and simulations that could be used to first build a model 

and then the metric of human comprehension.  The second aspect was from a 

combination of multiple research disciplines that attempted to explain different 

perspectives of human information processing and decision making.  Examining both of 

these aspects revealed that in general there was still room for expanding the boundaries of 

research in defining and then measuring human information processing.  More 

specifically, it demonstrated that there was yet no accepted comprehension metric for 

quantifying the use of information in human decision making. 

2.1: Available Models and Simulations 
 

Although the models of a future battle command system will be highly specialized, in 

general models and systems are developed to help us understand and explain phenomena 

in our world.  They are an abstraction of reality around which to organize facts and 

assumptions.  “The ultimate role of a model is to produce simulated performance (output 

or behavior) data … similar to real performance data to be useful to decision makers.” 

[Baron 1990]  One of the caveats when using models and simulations is that they can 

“become so complex that the model is as difficult to analyze as the real world….because 

the creator of the model is trying to encompass too much of the real world.” [Cyert 1994]  
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The Army aggregates models and simulations into one term called “models and 

simulations” or “M&S”.  These two terms are often used interchangeably in Army 

publications. [NSC 1998, SOH 2004] Tying models and simulations together is also 

common in research.  Often “the discipline of designing a model of an actual or a 

theoretical physical system, executing the model on a digital computer, and analyzing the 

execution output” is defined as a simulation. [Lee 1994]   During this research a model 

was defined as a “representation of the system” and a simulation was defined as “the 

operation or exercise of the model of a system.” [NSC 1998]  A review of the three 

available military-sponsored multi-organizational models and simulations used currently 

by the US Army revealed that none of them have intrinsic models of humans as 

information processors or decision makers.  Instead they all required the use of human 

intervention to provide the missing human factor to their models.   

The first current simulation reviewed was the Corps Battle Simulation using Combat 

Outcome Based on Rules of Attrition (CBS COBRA) sponsored by the US Army’s 

National Simulation Center (NSC).  The COBRA system attempts to increase the realism 

of the CBS simulation by including additional relevant factors to enhance the basic 

combat algorithms.  This is not a sophisticated set of rules.  In general it uses three coarse 

levels to differentiate between the values of a qualitative parameter for each unit.  These 

values are based upon a domain expert’s assessment of the combat situation.  For 

example, COBRA uses the term combat efficiency to describe “the human dimension of a 

unit’s ability to perform important functions required in combat, combining both physical 

and mental factors.” [CBS 2003, COBRA 2003]  A subjective rating of combat 

effectiveness is differentiated into levels of good, fair and poor effectiveness.  The morale 
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for a unit is likewise differentiated into high, medium and low morale.  This represents 

the “mental and emotional condition of its personnel with regard to combat.” [CBS 2003, 

COBRA 2003]  As an example, a unit with fair combat effectiveness and fair morale 

would have a fair combat efficiency rating, which would result in a modification multiple 

being applied to the combat values of the unit conducting simulated CBS combat. [CBS 

2003, COBRA 2003]  A review of the latest edition of the user’s manual and discussions 

with subject matter experts at the Fort Hood Battle Simulation Center (BSC) revealed 

that there were no sub-systems or processes to replicate and integrate the human use of 

information in this military simulation. [BCTP 1997, CBS 2003, COBRA 2003, Fontenot 

1997, Metvier 2004, Nance 2004]  In summary, CBS COBRA was not useful for 

developing the comprehension metric. 

The second current simulation reviewed was the Joint Conflict and Tactical 

Simulation (JCATS) developed by Lawrence Livermore National Laboratory.  This 

simulation was also sponsored by the Army’s NSC.  A review of the operator’s manuals 

and a discussion with the JCATS database team from the Digital Battle Staff Trainer 

(DBST) facility at Fort Hood showed that this simulation provides more inputs to 

replicate human characteristics to include health, levels of energy or fatigue and a 

detailed set of sensory characteristics.  However, it does not yet include any models of a 

human decision maker. [ACTF 2003, Daniels 2004, JCATS BM 2003, JCATS VE 2003, 

Metvier 2004, SOH 2004, Winston 2004]  

JCATS will be part of the Army Constructive Training Federation (ACTF).  Once 

tested and fielded, the components of the ACTF will provide Army installations with an 

integrated federation of models and simulations that can be used for the training of 
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integrated staffs using the ABCS at the brigade, and in the future, unit of action tactical 

level.  [ACTF 2003, Metvier 2004]  Since the JCATS models and simulations will be 

primary components of the ACTF, a short description of JCATS can therefore serve as a 

summary of the current “state of the art” of depicting human behavior in tactical military 

simulations. [Holly 2004]    

JCATS is a powerful and complex simulation.  The current version can manage over 

30,000 entities with a wide variety of characteristics and behaviors.  The constraint on the 

fidelity of the models and the simulation is due primarily to the significant computational 

processing power required to manage the multitude of interactions that are potentially 

needed to complete an iteration of activity.  When all the possible features are in use, the 

simulation appears to stop as it calculates all the possible interactions between each of the 

entities and the environment it is modeling.  This results in the human event coordinators 

selectively turning off various entity features, which causes the overall models to be less 

capable in their representations of reality.  A second constraint is the volume of data 

required to model entity characteristics.  Each system can be defined with 15 basic 

characteristics, which can be further enhanced with additional parameters.  In addition, 

there are so many sub-models and routines in the simulation and its models that some 

capabilities or processes are still not documented.  One example is the apparently 

automatic creation of a super human entity during the entity cloning process that occurs 

without any overt changes to the original entity model being made by the database 

operator.  [Daniels 2004, Winston 2004]  

The JCATS models include a variety of human behavior modules.  Each behavior is 

specified by the operator, which may include a menu of semi-automated response to 
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simulation events.  An entity’s behaviors are assigned initially during the planning phase 

of an event but can be modified during the execution phase as well.  The current version 

of JCATS has the capability to model an entity’s general health, field of hearing, field of 

vision and ability to acquire targets, and energy level based upon the number of calories 

expended or replenished.  [JCATS BM 2003, JCATS VE 2003]  One caveat in the 

process of developing entity behaviors is that the operator must verify every data element 

for each entity.  Otherwise, one could get behavior anomalies such as friendly and enemy 

tanks passing each other in daylight and not engaging each other.  There is currently no 

software application or algorithm to aggregate and filter the data acquired by individual 

entities which hear or see enemy forces into a composite of a higher-level representation 

of the situation.  This precludes an entity representing the UA commander from 

automatically creating his perception of the simulated environment. [Daniels 2004, 

Winston 2004]   In summary although it has more capabilities than the CBS COBRA 

models and simulation, JCATS does not yet include any models of a human decision 

maker. 

The third current simulation reviewed was the Command, Control and 

Communication Techniques for Reliable Assessment of Concept Execution (C3 TRACE) 

developed for the Army Research Laboratory’s Human Research Engineering Directorate 

(ARL HRED).  This review showed that input can be provided for a binary (yes/no) 

determination of information sufficiency.  In addition, placeholders were used for future 

input of levels of situational awareness based on Endsley’s ideas that will be discussed in 

the next section. [Middlebrooks 2004, Plott 2003, Quesada 2004]  The C3 TRACE 
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simulation appears to be constructed to allow for the potential future integration of the 

human comprehension metric, but as of this research period, had yet to do so.   

In summary, it appeared that there were no current Army-sponsored combat-based 

simulations that could be used as a basis for understanding human information processing 

or that could assist in the development of the comprehension metric.  Therefore it was 

necessary to review two military models and simulations that are currently under 

development as the successors to the current simulations. 

The first of two future military simulations reviewed for possible use was One Semi-

autonomous Forces (OneSAF) being developed by the Army’s Program Executive Office 

for Simulations and Training Instrumentation (PEO-STRI).  A review of the latest edition 

of the operational requirements document for this system as well as the latest versions of 

the OneSAF Test Bed software showed that “moderators” for fatigue, stress, morale and 

other behaviors are to be included. [OneSAF]  In 2000, Ritter and others at The 

Pennsylvania State University explored “steps towards including behavior moderators in 

human performance models in synthetic environments.” [Ritter 2000]  Their approach 

was to modify a version of the future OneSAF simulation to allow it to incorporate a 

behavioral architecture comprising eleven sets of moderators.  The moderators were 

divided into three groups: external moderators, internal moderators and task-specific 

moderators.  Concepts relevant to this research included incorporating knowledge and 

training.  However, a human comprehension metric based on these concepts was not 

developed in this study.   [Ritter 2000]   

More recently the five human traits of conscientiousness, openness, neuroticism, 

agreeableness, and extraversion [Witmer 2002] have been considered for inclusion in the 
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OneSAF simulation as part of a future developmental cycle.  The inclusion of these traits 

originated from research conducted at the Naval Post Graduate School. [Barsnick 2002, 

Therrien 2002]  These five traits are integrated into an influence diagram based upon 

Bayesian networks and utility theory.  The models from both studies are based upon 

probabilities generated from a set of subjective evaluations of the personality traits of 

historical military commanders in World War II (Hitler, Halsey) and the Korean War 

(Smith), which are structured into decision trees.  Based on the published information, it 

appeared that this simulation could have the capability to replicate many aspects of 

human information processing and decision making. However, the use of trait theory as 

the basis for human decision making models is still not accepted by all.  The primary 

argument against using trait theory to replicate facets of human information processing 

and decision making was that trait theories are “little more than clever ways to categorize 

people, without giving any real insight into the underlying mechanisms.  Their pragmatic 

value is quite good, as they have a predictive capacity of around 30%, but they are 

theoretically shallow.” [Moffat 1997]  In summary, the OneSAF simulation has potential 

to include a form of decision making logic.  However, there still did not appear to be a 

metric similar to the proposed comprehension metric included in the simulation. 

The second future Army–sponsored simulation considered was the massive, multi-

player online game (MMOG) being developed for the Army’s Research & Development 

Engineering Command (RDEC).  This simulation is building upon the success of popular 

commercial interactive games that create a virtual world for multiple players.  Although it 

has potential for use as a distributive interactive training system, the developers projected 

the near-term use of human operators to meet any human decision making roles. [Arent 
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2004, Gerhorsam 2004, Macedonia 2002]  In addition, the complexity of running this 

large-scale simulation requires the human operators to directly control the actions of the 

avatars and also use their own voices to allow the avatars to communicate in the virtual 

environment. [Gerhorsam 2004, Vilhjalmsson 1997]  “The goal, for now, is to make 

soldiers familiar with the Iraqi terrain and the various scenarios that can pop up at a 

moment’s notice in wartime – all through the prism of a Web-based videogame.” [Arent 

2004]  In summary, this simulation appeared to focus on creating realistic virtual 

depictions of human actions rather than modeling human decision makers. 

From this review of five Army-sponsored combat-based simulations it appeared that 

there were no available or projected military simulations in the near future that could be 

used to model a human decision maker and develop an information-based metric for the 

future battle command system.  This led to a review the current commercially available 

computer games that might provide a basis for developing this metric.  There were 

multiple published reviews available to quickly assess these commercial games.  An 

example publication is “The Armchair General”.  The credibility of this magazine within 

the military community was established by its current managing editor, John Antal, who 

is a retired Army officer and recognized military domain expert and author in the field of 

training simulations and military history.  [Funk 2004] 

A review of current versions of popular commercial computer-based “wargames” first 

found many of them to be focused on first-person shooter situations which neither reflect 

the complexity of the decisions faced by the UA commander nor include a metric similar 

to the proposed comprehension metric.  For example, the game Brothers in Arms is noted 

as being an excellent replication of combat in World War II but is formatted as a first-
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person shooter game. [Walker 2004c]   Another equivalent game is Squad Assault 

[Paulding 2004b] The game Full Spectrum Warrior, originally designed as a training tool 

for the U.S. Army, is noted for looking and acting like a “shooter game” but is more 

complex.  However, it does not include any indication of incorporating any application 

for human comprehension. [Walker 2005a].  Lastly, Conflict: Vietnam is clearly a shooter 

game focused on a four-man team and is noted for its realistic graphics. [Walker 2005b]  

A review of current commercial versions of computer-generated, historically-based, 

military simulations for an organization equivalent to the UA showed that they also did 

not contain a comprehension metric.  For example, the game Combat Mission: 

Barbarossa to Berlin replicates combat up to the regimental-level, which is roughly 

similar in size to the unit of action.  The game is lauded for its realistic depiction of 

World War Two armored fighting vehicles and other weapon systems.  The artificial 

intelligence in this game is considered good. However, there are no indications that it 

uses any application to replicate the comprehension levels of its human commanders. 

[Paulding, 2004a]  The game Hidden and Dangerous 2 is also recognized for the quality 

of its depictions of men and the environment.  It focuses on squad-sized special 

operations which could potentially be scaled up to the UA level of combat.  However, 

there are no indications that it uses any special application to account for the 

comprehension levels of its entities. [Walker 2004a]  The game Vietcong Fist Alpha is 

another squad-level game which uses a crude form of human comprehension in the form 

of “radar” to display the approximate locations of enemy forces.  This is somewhat 

analogous to human comprehension but is more like being able to see the entire game 

board rather than a model of human information processing. [Walker 2004b] Finally, the 
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game Tour of Duty is recognized as a realistic portrayal of infantry combat in Vietnam 

from squad-level up to battalion-level.  However, there is no indication that the 

simulation engine incorporates any form of human comprehension since the operator has 

a variety of tools to help him make decisions for his entities. [Paulding, 2005]  Other 

recognized sources within the military simulation domain also supported this lack of 

fidelity in these commercial simulations, especially with regard to the lack of human 

decision making capabilities. [Diem 2004, Hettinger 2003, Ritter 2000, Silverman 2001a, 

Silverman 2001b, Silverman 2002, Silverman 2005]   

However, research of the military simulation literature and discussions with military 

subject matter experts did reveal that this comprehension metric could be useful in the 

design, development and testing of the future battle command system.  One problem is 

that this future system requires the fielding of multiple complex key technologies that are 

insufficiently mature and subject to late cycle “churn”.  As a result, most of the initial 

design, development and testing of the components and overall battle command system is 

anticipated to be done in virtual collaborative work environments using models and 

simulations of the components and systems. [Barber 2003a, Baron 1990, Clements 2001, 

Deitz 2004, Eirich 2002, GIG 2004, Hettinger 2003, Hollis 2000, Lant 1994, Pew 1998, 

Sanders 1993, Sheehan 2003, Sheehan 2004, Singleton 1974, Stawasz 2001, Woodcock 

1993b]  Measuring the amount of information used by a “typical” expert human decision 

maker could help measure the system’s eventual information requirements.  Using this 

metric, the human factors for the future system could be better estimated and explicitly 

stated early in the design and development process. [Clements 2001, Endsley 2002b, 

Hettinger 2003, Humphrey 1995, Jagacinski 2003, Jeffries 2001, Kirwan 1994, Moore 
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1998, Rasmussen 1986, Sheridan 1974, Vidulich 2000, Wickens 1998, Wickens 2000]  

This information in turn, could be used to develop the specifications for the hardware and 

software used to build the information-based components and interfaces. This should 

allow the overall system model, with both human and machine components, to be 

validated and then verified in a virtual collaborative work environment against the 

applicable Key Performance Parameters. [Alberts 2000, Anderson 1986, CJCSM 2003, 

GIG 2004]  Since the human’s information requirements are explicitly stated, this could 

allow for a display tailored to the human operator that optimizes the presentation of this 

information. [Clements 2001, Endsley 2002b, Humphrey 1995, Kirwan 1994, Wickens 

1998, Wickens 2000]  An understanding of these information requirements could also 

lead to recommendations for building a training simulation embedded in the future 

control system itself. [Berg 2003]   

A pragmatic reason to consider using the comprehension metric in designing and 

testing the overall human-machine system is that “it is substantially easier and less 

expensive to consider the impact of human capabilities and limitations on system 

operation and modify the system before it is built, than to modify it to conform to human 

limitations after it has been constructed”. [Baron 1990]  Finally, “[i]n keeping with the 

principle that people, not things, are decisive in war, the thinking behind force 

modernization must be to equip the man, not man the equipment”. [MacGregor 1997]  

Despite these reasons it appeared that much of the focus of human-machine system 

design was on modeling the human-machine interface as evidenced simply by the use of 

the term “user” when describing the human as a system operator in the development of 

software applications. [Clements 2001, Humphrey 1995, Jeffries 2001, Moore 1998, 
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Wickens 1998]  When this happens, the system designers sometimes miss the idea of 

considering the humans as components of the larger system and that “the ability to adapt 

to peculiarities in system performance and optimize interaction is the very reason for 

having people in a system.”  [Rasmussen 1986]  In summary, it appeared that the need for 

the development of this comprehension metric was recognized across multiple domains.  

With this in mind, the next step was to review the literature on human information 

processing and decision making. 

2.2: Human Information Processing and Decision Making 
 

The second aspect was developed from a combination of research disciplines with 

different perspectives of human information processing and decision making.  The review 

of this aspect was initiated using four assumptions that framed the first research question.  

As previously noted in the first chapter, the first research question was: 

How can we define a metric for measuring the information requirements 
of a human decision maker using a future information-centric, human-
machine control system? 
 

The four assumptions were: (1) The human decision maker is a serial information 

processing system using discrete sequential steps to develop perception and 

comprehension.  (2) Perception can be defined and measured.  (3) The human operator is 

considered as a domain expert. (4) Likely performance shaping factors such as stress, 

fear, fatigue and sleep deprivation are deferred to later research projects and not 

considered in this research proposal.  These four assumptions will be reviewed in terms 

of the current open-source research literature.  Information relevant to multiple 

assumptions will not be repeated.  In addition, concepts that are common across multiple 
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domains will be defined in terms that will be most applicable to the “use case” developed 

for the tactical military domain in 2020.   

The first assumption was that the human decision maker is a serial information 

processing system using discrete sequential steps to develop his level of comprehension.  

There have been many attempts to model a human’s information processing system as 

part of an overall characterization of human performance. [Baron 1969, Baron 1990, 

Bonabeau 2003, Bowen 2002, Gillis 2000, Klein 1993a, Kleinmann 1970, Rasmussen 

1986, Rasmussen 1994, Suchman 1987, Zsambok 1997a]  A composite model of a 

human decision maker as an information processing system derived from three 

representative concepts is depicted in Figure 1.  The figure also includes a brief summary 

of the three concepts from which it was derived.  
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Parasuraman developed a model based on four sequential steps as part of his research 

on the interaction between humans and machines.  The first step in this cybernetic view 

was sensory perception.  In this stage, a person’s sensors detect and focus attention on the 

object or activity that the person was attempting to find.  The second step was for the 

person to contrast the information gained from perception against the information stored 

in the individual’s working memory as a form of pattern recognition.  Once the two 

groups of information were within an individual’s level of tolerance, the individual made 

a decision on his understanding of the situation.  The last step was to select the response 

and take action. [Parasuraman 2000]  In summary, Parasuraman established the basic idea 

that human information processing can be modeled in sequential steps.  However, he did 

not establish any methodology to measure the amount of information that the human 

decision maker needed to reach the point that he was ready to make a decision. 

In a similar vein, Endsley developed the concept of “automaticity” from her research 

on the development and measurement of situational awareness.  Her research was 

conducted primarily within the military domain.  She believed that an individual first 

develops situational awareness, makes a decision, and then takes action, much like in 

Parasuraman’s process.  However, Endsley believed that an improved understanding of a 

situation allows a person to rapidly shift to the requisite action. [Endsley 2003]  In this 

regard, she followed the ideas of emerging concepts of naturalistic decision making, 

which in the latest doctrinal publication on decision making within the military domain is 

called intuitive decision making. [FM 5-0 2005]  The basic process in this model of 

decision making was that an expert is able to generate feasible solutions to domain-

specific problems based on experience and an understanding of the problem space.  This 
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process generates feasible courses of action and sequentially evaluates and discards less-

likely solutions instead of evaluating each course of action against a set of criteria and 

then selecting the optimal solution.  [Klein 1993a, Zsambok, 1997a]  In earlier decision 

making research, this concept was first called “satisficing” by Simon. [Kahneman 1982, 

Janis 1977, Sternberg 1996] However, Endsley also did not yet establish any 

methodology to measure the amount of information that the human decision maker 

needed to reach the point that he was ready to make a decision. 

In yet another similar vein of thought from the military domain, Boyd’s “OODA 

Loop”, was comprised of four steps.  This model became popular in military decision 

making publications starting in the 1980s.  In this model, an individual first “observes” a 

situation and then “orients” on the key bits of information that will help formulate a 

feasible course of action.  The individual then “decides” on the course of action and 

“acts”. [Corum 2002] Boyd’s concept was usually used in reference to gaining decision 

superiority against one’s enemy in the military domain by taking actions faster than those 

to which an enemy could react.  Eventually the enemy would become paralyzed with 

indecision and defeated.  This concept is an underlying foundation in the more recent 

development of network-centric warfare and full-spectrum dominance currently serving 

as the basis for the development of the Army’s Future Combat System (FCS). [CGM 

2004, FM 5-0 2005, O&O 2003, O&Ov3 2004] However, Boyd also did not establish any 

methodology to measure the amount of information that the human decision maker 

needed to reach the point that he was ready to make a decision. 

A general sequence for modeling a human’s information processing methodology was 

derived from the three described concepts and related ideas such as naturalistic decision 
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making.  The sequence is comprised of five steps. (1) The human UA commander 

acquires information from his external environment and perceives a situation as an initial 

perception model. (2) He begins to think about this perception model in an area of his 

brain called working memory.  (3) He compares this perception against a mental model 

of the information that he has learned and stored in his long-term memory.  (4) When the 

amount of information in his perception model matches his mental model he understands 

the situation in terms of his mental model and he achieves comprehension. (5) At this 

point he is hypothetically ready to make a decision. [Adams 1995, Anzai 1991, Baron 

1990, Camerer 1991, Carley 1994b , Corum 2002, Duffy 1993, Glaster 2003, Hendy 

2001, Hinsz 2001, Humphreys 1988, Hunt 1986, Jagacinski 2003, Linton 1989, Lipsjitz 

1997, Newell 1972, Norman 1978, Pew 1998, Rasmussen 1986, Rasmussen 1994, 

Sanders 1989, Schraagen 1997, Serafty 1997, Sheridan 1974, Singleton 1974, Sproull 

1991, Wickens 1992, Wickens 1998]  As previously mentioned, the high-level 

information processing system model derived from Parasurman’s, Endsley’s and Boyd’s 

three perspectives was depicted in Figure 1.  This model serves as the basis to begin to 

build the information-based comprehension metric in the next chapter.    

The second assumption for the first research question was that perception can be 

defined and measured.  Perception, or what Endsley calls “Situational Awareness (SA) 

Level 1” can be defined as the likelihood that the UA commander has sufficient 

information concerning the geospatial and temporal locations of the organizations and 

entities of which he needs to be aware. [Endsley 2003]  It is the commander’s level of 

“certainty” about his external environment.  Building upon Endsley’s work, perception 

for the research use case can be thought of as being composed of four attributes.  The first 
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attribute, “Accuracy” is defined as the likelihood that the information presented by the 

battle command system supports the UA commander’s priority information requirements.  

This is comparable to the IEEE definition that accuracy is a “qualitative assessment of 

correctness, or freedom from error”. [IEEE 1999]  In simplest terms it can be described 

as an arrow hitting the target at which the archer aimed.  The second attribute, 

“Precision” is defined as the likelihood that the information presented is within the 

effective capabilities of his sensors and weapons systems.  This is comparable to the 

engineering definition that precision is the “degree of exactness or discrimination with 

which a quantity is stated.” [IEEE 1999]  In simplest terms it can be described as an 

arrow hitting the target at the specific point at which the archer aimed and within his 

tolerances for the distance at which he is shooting. The third attribute, “Latency” is 

defined as the likelihood that the information meets the “timeliness” criteria for his 

systems.  In simplest terms, this means that the information is presented to the 

commander within the time parameters he has established to support his operational 

concept on the battlefield. [FM34-8-2 1998]   This is analogous to the engineering 

definition of the “time interval between the instant at which an instruction control unit 

issues a call for data and the instant at which the transfer of data is started.” [IEEE 1999] 

The last attribute, “Reliability” is defined as the likelihood that the information is 

trustworthy. This is comparable to the engineering definition that reliability is a 

“quantitative measure of the degree to which a system, component, or process possesses a 

given attribute” [IEEE 1999] or the probability that an item or system performs 

successfully and will not fail over a specific time interval.  [Clements 2001, Moore 1998]  

This can be further defined as a quantitative interpretation “placed on particular 
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observable measurements” of the components of a system. [Bass 1998] This attribute can 

be further decomposed into multiple sub-elements that encapsulate ideas on building 

beliefs into intelligent software agents and agent teams that can be used in decision 

support systems. [Fullam 2003]  However, for this research it is not necessary to do so as 

will be discussed in the next paragraph. 

Based on these merged definitions, perception was defined for this research as the 

amount of priority information that is provided to the UA commander by the battle 

command system.  From Army doctrine, the complete set of priority information that the 

UA commander believes he requires is determined at the onset of a tactical mission. [FM 

5-0 2005, FM 6-0 2001]  If the complete set of information is known, then it follows 

logically that this set can be divided into smaller discrete subsets for purposes of analysis.  

Therefore, in order to make this research tractable, the amount of information that the 

battle command system can provide is fixed at six discrete increments starting at 50% of 

the available information.  Each increment is ten percent of the total amount of 

information that the commander needs to fulfill his stated pre-planned information 

requirements.  The information increments start at the 50% level since one of the 

assumptions used in the development of the tactical concepts for employing the UA in 

2020, was that higher echelon military headquarters would provide a minimum of 50% of 

the UA commander’s information requirements before he entered his area of operations. 

[O&O 2003, O&Ov3 2004]  In summary, the second assumption does not expand the 

body of current knowledge.  It simply merges definitions from across the military, 

engineering and intelligent agent disciplines into a definition for the use case.  
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Adding the first two assumptions together led to the combined assumption that a 

human can be thought of as an information processor and that the amount of external 

information that he requires to develop an understanding of a situation a decision can be 

measured.  However, before the human can make a decision, he must first have some 

relevant information, or an accepted model based in his domain of expertise, against 

which to assess or evaluate his situation and make a decision.  This idea led to the third 

assumption for the first research question. 

The third assumption was that the UA commander was defined as a domain expert.  

To continue with the earlier combined assumption on information processing, a UA 

commander develops working mental models of a situation based on what he perceives 

and what he already knows from his internal mental models.  In this research, the ability 

to create these internal mental models was called expertise.  The UA commander makes a 

decision concerning a situation when he reaches what can be labeled as his 

comprehension threshold.  This comprehension threshold is reached when the difference 

between the UA commander’s perception and his expertise is within an individual’s 

tolerance to make a decision.  In other words, this means his perception of his external 

situation compares favorably to his expertise based on one of his internal mental models.  

Using a simple analogy, the UA commander and his comprehension level can be thought 

of as a component that discharges when it reaches a predetermined level much like a dam 

overflows when the water level behind it gets too high for the dam to contain any longer. 

The review of the literature indicated that there were four key ideas on defining 

expertise.  First, a learning mechanism generalizes and stores a solution path as a plan in 

long-term memory. [Kaczmarczyk 2004, Laird 1990]  This implied that expertise is 
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learned. [Endsley 1995, Ericsson 1991, Klein 1993c, Lipshitz 1993a, March 1994, 

Newell 1972, Patel 1991, Rasmussen 1986, Redmill 1997, Rose 1989, Sebrechts 2003, 

Singleton 1974, Wickens 1998, Wickens 1996]  According to [Goodall 1985],  

Learning from experience is an important characteristic of 
human experts. It enables them to be flexible in their 
decision-making and able to apply their existing knowledge 
to new cases and assess the accuracy of their projections.  
They can then incorporate the results of this assessment 
into their skill and learning.   

This further implied that the human model and comprehension metric needed to include a 

learning or education component.   

Second, an expert focuses on prioritizing information to create a solution to solve a 

specific problem.  [Anzai 1991, Beach 1993a, Bolstad 2000, Cohen 1993b, Crecine 1986, 

Drilling 1997, Endsley 1995, Ericsson 2000, Holyoak 1991, Janis 1989, Kirwan 1994, 

Lipshitz 1997, Means 1993, Orasanu 1993, Patel 1991, Sheridan 1974, Singleton 1974, 

Suchman 1987, VanLehn 1997, Wickens 1998]  Geva’s research into battle command 

activities during the 1973 Arab-Israeli War highlighted the importance of a commander’s 

search for reliable information.  “The information sought related to location of units, 

about their accomplishments, and naturally, information about the enemy – its location, 

its force and its activities.” [Geva 1998].  He also found that it was difficult for 

commanders to integrate available information since it was often fragmented and 

disorganized.  Most importantly, the need for fast decisions reduced the likelihood that 

detailed investigation of the available information would occur. [Geva]  This implied that 

the human model and comprehension metric needed to include a method to use 

prioritized information within the confines of a constrained problem space.   
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Third, an expert’s information is both domain-specific and situational. [Camerer 

1991, Crecine 1986, Endsley 1995, Endlsey 2000b, Ericsson 2000, Goodall 1985, Kirwan 

1994, Newell 1972, Phillips 2003, Rasmussen 1986, Zsambok 1997b]  This implied that 

the human model and comprehension model needed to be focused within a specific 

domain and situation.  In addition, case-based reasoning suggested that “problems within 

a domain have similar characteristics.  Thus, we are able to reuse old solutions.  A case-

based planner finds those cases in memory that are solutions to problems similar to the 

current problem.” [Davis 2004, Swaminathan 1996]  In other words, this implied that a 

“use case” was an acceptable candidate for the research methodology.   

Lastly, an individual’s expertise is often based on use of domain-specific heuristics, 

which can be biased for a variety of reasons. [Cohen 1993a, Cohen 1993b, Doerner 1991, 

Holyoak 1991, Janis 1989, Klein 1998, Moroney 1995, Weissinger 1986, Wickens 1992, 

Wickens 1998]  Research in heuristics or “rules of thumb” identified four potential 

sources of bias.  The first source of bias is based on the ease of acquiring or the 

availability of information. This source of bias included salience, information storage and 

retrieval methods, and cognitive structures such as rules, schemas and the influence of 

stereotypes.  [Kahneman 1982, Tversky 1982]  The second source of bias, belief 

conservation, is that people “tend to interpret new experiences and information in ways 

that make them consistent with prior beliefs”. [March 1994]  This implied that 

information based on data derived from subject matter experts had already been framed 

to fit the expert’s personal preconceptions before the observer collected the data.  The 

third source of bias, event certainty, was that people tended to “overestimate the 

probability of events that have actually experienced and underestimate the probability of 
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events that might have occurred but did not…” [March 1994]  This implied that some 

events were given more likelihood of occurring again simply because they happened to 

the expert in the past.  The fourth source of bias, anthropocentric focus, was that people 

attribute past event to factors of intention and competence, rather than chance or 

happenstance.” [March 1994]  This implied that people expect to exert control over 

events and that success or failure was due to human action.  Added together these last 

three biases were similar to an “illusion of control” when in fact no control may have 

existed.  [Langer 1982] 

This last idea concerning the use of heuristics and potential biases implied that there 

were two caveats when building the model and comprehension metric.  First, the human’s 

use of heuristics and his individual biases led to the caveat that the human decision maker 

may make decisions that do not appear to be based on his expected perception and 

expertise.  There simply may not be a definable cause-and-effect relationship or any 

logical connection between the expert’s perception, expertise and comprehension 

threshold.  The second caveat was that even if there are logical connections, the 

comprehension metric may not provide an exact measurement of the UA commander’s 

understanding of a situation, nor the exact likelihood that he will have sufficient 

information to make a decision.  In other words, humans are difficult to predict.  If 

humans are assumed to be biased and therefore difficult to predict, then another 

requirement for the development of the comprehension metric will be to develop a 

method to attempt to reduce the effects of potential biases.  This could help make the 

model and metric more useful in a virtual collaborative environment used to build 

human-machine systems.  One way to accomplish this may be to incorporate information 
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that uses observations from other individuals or sensors that are external to the UA 

commander or not under his influence. This use of external observations will be 

discussed in the next chapter.  In summary, the four ideas on expertise provided a good 

base for the development of the comprehension metric. 

Following these four ideas, another concept that provided a foundation for building 

the human model and comprehension metric was Sternberg’s ideas on “tacit 

intelligence”. [Sternberg 1985] Sternberg’s emerging ideas and definitions point out the 

difference between what he labels as “academic intelligence” and tacit intelligence”.  

Academic intelligence is something that can be measured by standardized intelligence 

tests.  It is sometimes called declarative knowledge, or knowledge of facts that can be 

learned from books.  This knowledge is often based upon long years of research and 

scientific analyses. [Sternberg 1990]   Tacit intelligence, on the other hand, is based upon 

knowledge of something an expert comprehends, perhaps without even being aware that 

he knows it.  Tacit knowledge can also be thought of as procedural knowledge of how to 

do things within a specific domain. This knowledge is based on many years of experience 

within a particular field of study or domain.  However, this type of knowledge cannot 

often be described, let alone measured.  [Sternberg 1996, 2000] “It has often been 

observed that the more competent a person is in a particular field the more difficulty they 

have in seeing the difficulties other people have in following their methods.” [Goodall 

1985]  Adding Sternberg’s ideas on tacit knowledge to the previous ideas of expertise 

provided the basis for developing the measurement scale used to create the 

comprehension metric as described in the next chapter. 
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At this point in the literature review, a very high-level of abstraction or representation 

of the UA commander’s combined knowledge or overall intelligence can be structured in 

terms of his understanding of an interactive game against an equally adept opponent.  

Both players want to win the game.  There are friendly and enemy forces, which are 

represented as the primary competing “pieces”.  There are environmental aspects, which 

are represented by the game board and the conditions under which it is played.  There are 

also rules on how to play the game, and in this representation, also other unforeseen 

“pieces” that can influence the conduct of the game. Specifically, the UA commander’s 

expertise is structured on his knowledge of the two primary groups of pieces, generally 

labeled as friendly forces and enemy forces.  Both sides have units organized with 

different types of weapons, sensors, and humans with different skills and capabilities.  

Each unit is attempting to achieve the goal or mission assigned to it by the UA 

commander in concert with other friendly units.  At the same time, the opponent’s units 

are attempting to achieve their commander’s goals.  In essence, these units act semi-

autonomously as sensible agents according to the rules of the game. In this game these 

agents follow the doctrine or tactics, techniques and procedures of the unit they represent.  

The UA commander’s knowledge also includes environmental aspects of both the natural 

terrain of the UA commander’s area of responsibility, as well as the man-made features 

that further complicate the situation.  The effects of climate, weather, and the diurnal 

cycle are also included, as well as the effects of natural or man-made hazards, such as 

fire, and chemical, biological, radiological, nuclear and explosive (CBRNE) effects. 

Finally, to make the game a better representation of the UA commander’s situation, the 

two primary players also have to include other additional players in the game, who use 
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their own pieces, play by their own rules, have their own definitions of how to win the 

game, and can only be dealt with via an additional set of rules usually called the rules of 

engagement. [Castro 2000, Endsley 2000b, FM 3-0 2001, FM 3-90 2003, FM 5-0 2005, 

FM 6-0 2001, OIF1 2003, Shattuck 1995, Shattuck 1997, Thompson 1967] 

Using the idea of the interactive game described above, the fourth assumption for this 

part of the research proposal was that human performance shaping factors or stressors, 

such as fear, fatigue and sleep deprivation were deferred to later research projects and not 

considered in this research proposal.  It was recognized that it is difficult to model any 

human activity in the battlefield environment due to all of the interdependent variables 

that must be considered. [Battilega 1978, Compatatore 2000, Edholm 1965, Eysenck 

1983, Hilton 1965, Idikowski 1983, Keinan 1996, Meyerhof 2000, Moroney 1995, 

Orasanu 1996, Tepas 1982, Waters 2000] The laboratory evidence suggested in general 

that human performance is degraded when affected by stressors. [Belenky 2000, Bowers 

1996, Caldwell 2003, Desmond 2001, Druckman 1988, FM 6-0 2001, Klein 1996, Klein 

1998, Oransanu 1996, Rasmussen 1986, Rasmussen 1994, Salas 1996, Sanders 1989, 

Schonpflug 1983, Weaver, Wickens 1996, Wickens 1998, Wilkinson 1965]  The limited 

field combat evidence collected since the start of World War Two generally supported 

this idea of human performance degradation. [Bourne 1970, Druckman 1988, Grinker 

1945, Lieberman 2000, Meyerhof 2000, Stouffer 1949] However, other research 

suggested that certainty of the task and environment could reduce the effect of some of 

these stressors on the human. [Bowers 1996, Druckamn 1988, Eide 1978, Ellertsen 1978, 

Baade 1978a, Baade 1978b, Halse 1978, Hansen 1978, Janis 1951, Keinan 1996, Levine 

1978a, Norum 1978, Orasanu 1996, Stromme, Ursin 1978a, Ursin 1978c, Weitzman 
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1978, Wickens 1996]  Taken in total, it appeared that these human performance shaping 

factors would affect the eventual comprehension metric, but that first, it was necessary to 

develop the metric itself.  Research into the potential degradation of the comprehension 

metric was therefore deferred to future efforts.   

Using the results of the literature review established the baseline for the development 

of the comprehension metric from emerging concepts of perception and human expertise.  

First, the review indicated that there are no combat-based models or simulations currently 

available, or available in the near future, that contains a version of this comprehension 

metric.  Second, the literature review indicated that there was a recognized need to 

develop this comprehension metric for use in developing future information-centric 

control systems such as the future battle command system.   

The review of the literature also indicated support for the four assumptions that were 

used to answer the first research question.  First, the UA commander can be thought of as 

a serial information processor that uses discrete sequential steps to develop perception 

and comprehension.  Second, perception can be defined and measured.  Third, the human 

operator can be considered as a domain expert.  Finally, likely performance shaping 

factors such as stress, fear, fatigue and sleep deprivation could affect the comprehension 

metric but were deferred to later research projects and were not considered in this 

research proposal.  The next step then was to build the comprehension metric on this 

baseline.  This is discussed in the next chapter. 
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3.  Metric Development 

Based on the four assumptions discussed in the last chapter, it was possible to 

develop the comprehension metric.  In the first section of this chapter, the comprehension 

metric was developed at a high level with the UA commander modeled as a serial 

information processor that uses the two components of perception and expertise to make 

decisions.  In the next section, these two components were more fully developed so that 

they could be measured for initial experimentation.  Lastly, the basic conditions for an 

experiment to test the validity of using the comprehension metric were developed. 

3.1: The Comprehension Metric 
 

The concept for the comprehension metric was based on the concept of a human as a 

serial information processor.  The metric resulted from the interaction between the UA 

commander’s perception (P) and expertise (E).  Using terminology from the military 

domain and remaining within the constraints of the use case, this metric assesses the 

likelihood that a future force UA commander using the common operating picture (COP) 

developed via his battle command system (BCS) will have sufficient information 

available to make a tactical decision.  It does not make any predictions as to the quality of 

the decision itself, or to the likelihood that the UA commander will make a good decision 

that leads directly to military success on the battlefield.  In one sense, the expertise 

component establishes the credibility of the domain expert and provides the rationale for 

believing in his use of domain information.  The perception component establishes the 

confidence interval in which the expert would have sufficient information to make a 

decision.  In another sense, the expertise component helps shapes the perception 
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component by focusing the expert’s attention on those information cues he has learned 

are important in his domain. [Paulouskaya 2005a] However, an analysis of the 

relationship between these two components is outside the scope of this research.  

Mathematically, the comprehension metric (C) is the product of the UA commander’s 

Perception and Expertise (P x E) for a specific event in time or:   

C = P x E            (1) 

Expanding on this idea, the comprehension metric was also thought of as representing 

the reliability that the UA commander will make a decision based upon his expertise and 

his perception of the situation.  Treating comprehension as reliability allowed the 

comprehension of the human UA commander to be incorporated into the calculations of 

the reliability of UA commander’s battle command system.  [Luca]  This in turn could 

allow for the overall reliability of the human-machine system to be determined given the 

caveats of human biases discussed in the previous chapter. This concept will be more 

fully developed in chapter 6.   

An initial method to determine the likelihood that a UA commander will have 

sufficient information to make a decision was derived from the Army’s doctrinal metrics 

for assessing combat effectiveness. [FM101-5-1 1997, FM1-02 2004]   These levels are 

depicted as part of Figure 2.  The three key levels that are to be used in this research are 

values at 80% or greater, values between 50% and 79% and values at less than 50%.   

This provided two distinct comprehension thresholds (50% and 80%) that help define the 

amount of information that the UA commander will need to make a decision.  

At 80% or greater, a military organization is considered to be fully combat effective.  

Every possible indicator of combat performance is at or above this threshold value.  
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Transferring this idea to the comprehension metric implied that the UA commander’s 

comprehension resulted in a value of greater than or equal to 80%.  This high level of 

comprehension is one of the underlying assumptions of network-centric warfare and the 

future combat system family of combat systems.  It implied that the future UA 

commanders will have the necessary education and training to be labeled as experts.  It 

also implied that the information technologies, networks and data processing 

organizations are capable of providing the UA commander with near real-time perfect 

perception.  [O&Ov3 2004]  Therefore, it would seem that there is little at risk from an 

information-based perspective.  This could also imply that with this much information the 

level of certainty or situational awareness would be very high and a tactical decision 

making expert would not be required.  This would be especially true if one follows the 

logic that data processing systems coupled with intelligent agents can replace most 

human decision making functions by 2020.  [Kurzweil 1999]  In summary, since 

sufficient information will be present this comprehension band was labeled “Novice” as it 

appears that a tactical decision making expert would not be needed.   

However, a tactical decision making expert cannot be assumed to have this much 

information available.  Both military history and theory seemed to indicate that having 

this much information to dispel the “fog of war” is an unlikely occurrence.  [Clausewitz 

1976, Dupuy 1977, Dupuy 1987, Lussier 1992, Medby 2002, OIF7 2003, Serafty 1997, 

Talbot 2004]  In addition, the information technologies, information networks and 

organizations needed to process and build this high level of information do not yet exist 

at an organizational level equivalent to the unit of action. This makes it difficult to test 

these concepts with any degree of statistical expectation that the results will be useful.  
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[CGM 2004, Knight 2002, OIF1-7 2003]  This implied that military tactical decision 

making experts will still be needed in 2020 in order to reduce the risk if the technology 

solutions will not perform as expected.  From an overall system reliability perspective, a 

high comprehension level based on information could be kept at that level only if the UA 

commander’s expertise could compensate for the projected reduced level of information 

available to create the UA commander’s perception of the situation. 

This potential lack of information indicated that the next band of comprehension, 

between 50% and 79%, was the likely area for the UA commander to operate.  There is 

less than perfect information that would help increase his comprehension level above 

80%, but he is provided with at least 50% of the available information before he begins 

his tactical operations within his area of operations.  As previously discussed, the UA 

commander’s expertise compensates for a lesser amount of information and still allows 

the commander to complete his decision making tasks.  This band of comprehension also 

allows for the likelihood that the battle command system is not perfectly efficient.  This 

could be quantified by using a reliability estimate for both the human and machine parts 

of the system.  This band of comprehension also integrates the concept of “friction” 

which is based on historical lessons learned from history.  The concept of friction 

suggests that there will always be events and individuals which prevent a military 

organization from ever completing a perfect military operation. [Clausewitz 1976, FM  

5-0 2005, FM 6-0 2001]  Therefore this band of comprehension was labeled as “Expert”.   

Lastly, a lower bound on the comprehension metric was established at 50% to keep it 

aligned with the military’s combat effectiveness scale.  Therefore, if the UA 

commander’s comprehension results in a value less than 50% it was initially considered 
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insufficient to make a decision.  This lower bound was better defined later based on 

analysis of the collected data, but for all practical intent the 50% lower bound was 

sufficient as will be seen in the analysis of the results from data collected from the 

tactical decision making experts.  This band was labeled as “No Decision”.   

Both the perception component and the expertise component were fixed at ten percent 

intervals to make the data collection and analysis tractable. This overall method is 

depicted in Figure 2.  As mentioned in the second chapter, the UA commander’s 

perception was fixed at ten percent increments starting at 50% of the available 

information and running through to 100% of the available information.  This level of 

granularity appeared sufficient if this research is considered as a pilot program for a 

future extended and more detailed research effort.  In this light, this research can also be 

thought of as a proof of principle that needs to be supported from the initial data 

collection and analysis before further development.  Since the perception component of 

the comprehension metric will be fixed, it was next necessary to develop the expertise 

component of the metric.  This is described in the next section. 

3.2: The Expertise Component 
 

As discussed in the previous chapter, the UA commander’s expertise is a scaled 

estimation of his declarative and procedural knowledge.  His expertise is assigned a 

relative value at six levels in a scale ranging from having no knowledge of the situation, 

through four stages of knowledge or training, to already having a previous real-life 

experience similar to the current situation. [Alluisi 1989, Dreyfus 1997, Endsley 1997, 

Kern 1966, Luca 1989, Pew 2000, Redmill 1997, Serafty 1997] 
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Red 50-64% (Expert)
Black 0-49% (No Decision)

 

Figure 2: The Comprehension Metric 
 

Initial values for these six levels of expertise are as follows: 
  
 • No knowledge or experience     “0” 

• Declarative knowledge (general academic intelligence)  “1” 
• Declarative knowledge (military academic intelligence)  “2” 
• Tacit Procedural knowledge (gained from self-assessed  

training events)      “3” 
• Tacit Procedural Knowledge (gained from externally-assessed  

training events)      “4” 
• Real-Life Experience (Combat experience)    “5” 

 
The rationale for each of the rankings is based upon the concepts of declarative and 

procedural knowledge [Camerer 1991, Ericsson 1991, Holyoak 1991, Lant 1994, Lipshitz 

1993a, Norman 2002, Patel 1991, Wickens 1998] and academic and tacit intelligence 

[Sternberg 1985, Sternberg 1986, Sternberg 1996] described in the previous chapter.  

Obviously, an individual with no knowledge of the tactical military should not be 

considered for selection as a military commander.  However, for completeness, this value 
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of “0” is included in the scale as it may have potential application outside of the military 

domain as will be discussed in later chapters.   

The scale was based on the idea that an individual expands his initial knowledge of 

his world through a formal academic education program.  This program is often based on 

first mastering a more generalized set of facts or declarative knowledge.  In this use case, 

the representative UA commanders would next be assessed as to their level of academic 

college-level education.  A baseline academic education value of “1” would be awarded 

for obtaining a bachelors-level degree, at a minimum, as possession of this academic 

degree is normally an Army prerequisite for promotion as a commissioned US Army 

officer. [OPD 1998] 

As an individual becomes more involved in mastering the skills needed to be 

recognized as an expert in his domain, he often attends specialized schooling sponsored 

by his organization.  In the use case’s domain, the traditional applicable military 

education level course for a battalion-level commander would be attendance at the US 

Army Command and General Staff College (CGSC) at Fort Leavenworth, Kansas.  The 

battalion commanders create the initial pool from which the likely UA commanders 

would be selected.  After completing a tour of duty as a battalion commander, a more 

constrained set of officers would attend Senior Service College, of which the US Army 

War College (AWC) is the typical representative course. [Griffin 2004, OPD 2003]  A 

baseline military education value of “2” would be awarded for completing either the 

CGSC or AWC courses depending on the career opportunities offered to the officer at the 

time these data are collected.  The next two scaled values reflect the gaining of tacit 

knowledge by the UA commander in addition to this academic knowledge.   
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Following Sternberg’s ideas, tacit or procedural knowledge allows the UA 

commander to progress beyond the simple use of facts and to gain experience in using the 

procedures necessary to make his organization successful in combat.  In order to 

differentiate between the values for self-assessed training as compared to an externally 

assessed training event two different values were used.  An individual’s performance 

during a training event is assessed against the selected training objectives for the event.  

These objectives are framed by the tasks, conditions and standards for the training event 

and the applicable doctrine, tasks, techniques and procedures (TTP).  An external 

observer’s feedback provides a more objective indicator of performance during a training 

event than the internal self-assessment of the individual involved in the training.  There 

are two perspectives that support this assertion.  This first perspective is based on 

information processing concepts.  The second perspective is based on how the concept of 

human bias further affects the use of information. 

The first perspective is based on the total amount of information that can be processed 

versus the amount of information that the individual does process.  It essentially is a 

comparison of the performance in using a resource against a standard.  This is a common 

way to determine a component’s performance or reliability in most engineering 

disciplines. [Ramakumar 1999]  During a training event, an individual processes the 

available information which is either overtly provided to him during the training event or 

which his sensor systems collect for him.  The individual then organizes this information 

to accomplish his training objectives as framed by the tasks, conditions and standards.  

Information that does not appear to fit into this frame is discarded or remains unprocessed 

due to the volume of information that the individual must process in the complex and 
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dynamic environment of tactical military operations. [FM 6-0 2001] This implies that the 

individual does not use all of the available information.  Since he is not using all of the 

available information it is logical to assume that it will be less likely that he has a picture 

of the complete training event based on information alone.  Without this picture, the 

individual cannot compare the amount of the information he uses to the total available 

information in order to determine his performance in accomplishing his training 

objectives. 

On the other hand, an external observer also knows the training objectives for the 

training event.  In addition, he is aware of the construction and synchronization of all the 

activities and the related information that support these activities for the entire training 

event.  This implies that he is able to correlate the total information against the training 

objectives to develop the assessment mechanisms that underlay the external observer’s 

performance feedback.  [Bell 2000, FM 7-0 2002] Logically, the external observer, with 

the total information, will have a better performance perspective for information usage 

than the individual participating in the training event with a lesser amount of the total 

information.   Another way to look at the role of the external observer from this 

perspective is as a source of additional bandwidth devoted solely to collecting 

performance data.  The external observer then organizes the data so the commander can 

use it when his information processing demands are reduced after the simulated battle. 

[Prince 2005] 

The second perspective focuses on how the effect of human bias theory could further 

reduce the amount of information used by an individual involved in the training event 

when compared to the total amount of information available to the external observer.  As 



43 

discussed previously, the concept of bias emerged from research in human decision 

making and the use of heuristics.  In the military domain these are called the principles of 

war, doctrine or TTP.  [FM 3-0 2001]  Bias theory postulates that there are specific 

reasons why an individual in a training event is even less likely to use the total amount of 

information available.  The salience bias infers that an individual will use subjectively the 

information that is best displayed to him in the style in which he thinks is optimal 

regardless of the relative importance of the information itself.  In other words, this 

supports the marketing idea that “the sizzle” sells over “the steak” in capturing a person’s 

attention.  [Dogget 2001, March 1994]  The confirmation bias infers that an individual 

will interpret new experiences and use the information that best fits his preconceived 

ideas on how the training event will unfold.  In other words, the individual may be 

snarled in his own trap as he could have difficulty in correlating new information that 

does not support his original thoughts.  [March 1994, Kahneman 1982, Tversky 1982]  

Event certainty infers that individuals tend to “overestimate the probability of events that 

have actually experienced and underestimate the probability of events that might have 

occurred but did not…” [March 1994]  This would imply that some events are given 

more likelihood of occurring again simply because they happened to the expert in the 

past.   

On the other hand, an external observer should be relatively free of these biases since 

he has a complete picture of the training event and how the information directly 

correlates to the training objectives as framed by the tasks, conditions and standards.  

Although this does not imply that the external observer does not have his own personal 

biases, it does highlight that an external observer is better able to more objectively assess 
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the use of information to develop training performance feedback than the individual 

participating in the training event itself. 

Additional research on bias theory indicated that not all schools of thought support 

the idea of an individual’s bias.  The naturalistic decision making school dismisses the 

concept by suggesting that these representative biases are better explained as the criteria 

by which an expert sequentially assesses and then discards information that does not fit 

the patterns he deems important in the training event.  Instead of being a bias it is actually 

a representation of an individual’s expertise in solving problems. [Duffy 1993, Klein 

1993a]  Although it seems that these two perspectives should be sufficient to differentiate 

between levels of training, it is beneficial to review two additional perspectives to gain a 

better understanding of human psychology and learning. 

Research from the field of psychology also suggests that humans perform better when 

provided with external feedback.  Human ego-defensive mechanisms make it difficult for 

an individual to internally monitor and evaluate training performance without multiple 

sources of external performance feedback.  External agents help an individual to confront 

situations they prefer not to face alone. This does not imply that an individual cannot 

internally monitor and assess their own performance in order to improve, but rather that 

humans improve better with assistance from these external feedback sources.  The Army 

has institutionalized the practice of generating training performance feedback, especially 

through the use of structured after action reviews (AARs) conducted by highly trained 

observer controllers at its combat training centers. [Funk 2005, Prince 2005] 

Research from within the learning community also differentiates the value of external 

feedback from self-assessment. [Toprac 2005]  To a behaviorist, learning is responding to 



45 

a particular stimulus and the nature of the feedback to these responses from an external 

agent.  The feedback may be either positive or negative, and either reinforce, punish or 

extinguish the responder’s behavior. [Burton 1996, Greeno 1996]  To a cognitivist, 

learning is the development of mental models, and mental processes. Mental models are 

representations of objects and the interrelationships between objects in a conceptualized 

system. [Greeno 1996, Winn 1996]   The mental processes are problem solving through 

symbol manipulation [Winn 1996] and reflection, which synthesizes the experience in to 

memory. [Hawley 1998]  External feedback provides guidance in the form of scaffolding 

to allow an individual to improve performance by providing context for an activity which 

improves retention in memory. [Bruner 1986, Winn 1996]  To a social constructivist, 

learning is the strengthening of practices via participation in a community. External 

feedback, especially from other humans, and artifacts, such as tools, symbols, and signs, 

help create meaning for the individual. [Greeno 1996, Gilbert 1999]   

It appears from these multiple perspectives that an external observer should be better 

able to provide objective performance feedback than an individual involved in the 

training event itself.  The first value for gaining procedural knowledge is therefore based 

upon training conducted by the UA commander’s own organization.  It is a self-

assessment of the mission essential tasks that the commander believes must be 

accomplished.  A baseline value of “3” would be assigned to the UA commander for 

conducting this type of training if it was applicable to the current situation.  For example, 

a UA commander conducting a training event at his home station using his organizational 

resources to prepare for an upcoming operation would be assessed with a value of “3”.   
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It follows that the second value for gaining procedural knowledge is therefore based 

upon training conducted by the UA commander’s organization but with performance 

feedback based upon an assessment by external training observers separate from the UA 

commander’s organization.  A baseline value of “4” would be assigned to the UA 

commander for conducting this type of training if it was applicable to the current 

situation.  For example, if the UA commander deployed to the National Training Center 

in California, his unit would conduct simulated military operations against a replicated 

independent enemy force that was attempting to accomplish its own tactical tasks.  The 

UA commander and his subordinate organizations and staff would receive training 

performance feedback in the form of after action reviews from the observer controller 

teams.  [FM 7-0 2002]  Up to this point the scaled values have been assigned for the UA 

commander’s expertise for either education or training activities that simulate combat.  

The last value is to scale the effects of the commander’s participation in actual combat 

operations themselves. 

A baseline value of “5” is assigned to UA commanders who have completed real 

military operations that are similar to the current situation from which the comprehension 

metric is developed.  Concepts from learning theory and the design of safety-critical 

systems postulate that the best learning experiences come from episodes that replicate the 

current problem solving or decision making event. [Boyd 2002, Canon 1997, Prevou 

2003, Redmill 1997, Seaver 1983, Toprac 2005, Woelk 2004, Woods 2001] With the six 

baseline levels assigned, the next step is to develop the categories that integrate this 

relative expertise ranking within the problem space of the three specific scenarios of the 

use case. 
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3.3: The “Use Case” Categories 
 

The use case scenarios provided the general categories for determining the subjects’ 

tactical decision making expertise.  The general concept was to follow the construct of 

the future battlefield as a board game which was first discussed in Chapter Two.  The 

four groups that would be used would be the friendly forces, enemy forces, 

environmental aspects, and other actors.  The value for friendly forces would be based on 

the subject’s experience with the type of organization; the equipment used in the 

organization; the tactics, techniques, and procedures the leaders and soldiers used to 

complete their assigned tactical tasks; and the type of goal or mission that the 

organization was attempting to achieve.  The value for the enemy forces used the same 

information categories.  [FM 3-90 2003]  The environmental aspects focused on the type 

of natural terrain used in the scenarios.  The four key aspects were natural terrain such as 

forest or desert; man-made terrain such as airfields or urban areas; weather such as rain, 

wind, visibility and light conditions; and hazardous conditions such as fire or attacks 

using chemical weapons. [Dockery 1993, FM 6-0 2001]  The category for the other actors 

included organizational groupings, customs and forms of social interaction, the goal or 

purpose for the organization, and the rules of engagement (ROE) used by the friendly 

forces when interacting with these other groups. [FM 3-07 2003]  In order to show how 

this expertise component of the comprehension metric could be calculated, an example 

derived from the US Army’s latest battalion- and brigade-level command selection board 

is described in the next section. 

An example of how this metric could be calculated, based upon the recent results of 

the US Army’s command selection board for future battalion and brigade-level 
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commanders, is depicted in Figure 3. [AUSA 2004]  In this example, only the value of 

the UA Commander’s comprehension of his likely friendly forces had been calculated 

since there has been no specific enemy or environment included.  Based on the data for 

this example the model of comprehension for the UA commander would indicate the 

commander would begin to make decisions with approximately 60% of the available 

information. 

At this point, the model of how the metric was developed based on a serial 

information processing system has been depicted in Figure 1.  Next, a method to calculate 

the metric’s value has been created and depicted in Figure 2.  Lastly, an example of how 

this metric could be calculated is depicted in Figure 3.  The next step is to determine the 

conditions for testing the comprehension metric. 
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Dynamic Operating Environments

Results from recent Army Brigade 
and Battalion Commander Selection 
Board estimates an “average” UA 
commander’s expertise as 0.839 for 
understanding the friendly forces. 

The value of perception ranges from 

0.5 <= P <= 1.0. (0.5, 0.6, 0.7, 0.8, 0.9, 1.0)

Perception x Expertise   = Comprehension
0.5 0.839 (0.492)
0.6 0.839 (0.504)
0.7 0.839 (0.587)
0.8 0.839                 (0.671)  
0.9 0.839                 (0.755)
1.0 0.839                 (0.839)

0.46  OIF/OEF Combat Experience        =  5
0.22  CTC training experience =  4
0.20  Home Station training experience  =  3
0.12  MEL 1 (Senior Service College)     =  2

(1) Organization (unit type) 4.196
(2) Equipment (weapons, sensors) 4.196
(3) Procedures (TTP) 4.196
(4) Goal (Mission) 4.196

16.784
16.784 / (4x5) = 0.839

Expert

 
 

Figure 3: An Example of the Metric 
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3.4: Conditions for Testing the Metric 
 
The next step in testing the comprehension metric was to determine the specific type 

of decision that would be used in the use case.  Following military doctrine, an expert UA 

commander can make two types of decisions.  The first type is an initiating decision, 

which implies planning for a new situation or ordering the start of a new situation.  The 

second type is a changing decision, which is essentially choosing alternatives during 

current situation (branches) or at the conclusion of current situation (sequels). [Ericsson 

1991, FM 5-0 2005, FM6-0 2001, Ioerger 2003, Janis 1977, Klein 1993a, Linton 1989, 

Suchman 1987, Weissinger 1986]  

When using his battle command system the UA commander could be faced with two 

additional types of decisions common when using safety-critical control systems.  The 

first type is a normal situation in which events are unfolding according to plan.  The 

second type is an emergency situation, in which events are not going according to plan or 

an unexpected event that was not anticipated by the system designers has occurred. 

[Endsley 1995, FM 5-0 2005, Redmill 1997, Sproull 1991]   Merging the types of 

decisions together resulted in four possible decision combinations as depicted in Table 1.   

During this research, the UA commander was faced with a Type 2 or normal 

changing combined decision.  This type of decision allowed the experiment to be 

deterministic and eliminate any variables due to unforeseen interactions that could 

develop from an unpredictable enemy or unforeseen environmental changes.  It also 

allowed the tactical scenario to be developed using the concept of pre-determined tactical 

decision points with integrated priority information requirements currently being used at 

the National Training Center by the Opposing Forces which simulate an enemy force. 
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[Palmer 1997]  It also allowed the results of this research to be used to develop the 

discrete events for the Digital Warrior simulation. [Stawasz 2005a]  A Type 1 decision or 

a Type 3 decision would both entail working through the methodical 17-step doctrinal 

military decision-making process.  These types would be examples of an analytical 

decision process which would not be applicable to an UA commander entering into his 

area of operations as described for the use case. [FM 5-0 2005]  The Type 4 decision was 

not chosen because it would require additional information to be entered into the 

experiment as an exception to the expected plan.   Although this last decision type is the 

most likely type due to the fog and friction inherent in war, it was not chosen to create the 

initial comprehension metric.  It would however be a valuable decision type for future 

research to help determine the role of information in decision making in uncertain 

situations. 

Table 1: Decision Type Combinations 
Decision Type 
Combination Initiating Changing 

Normal Type 1 Type 2 
Emergency Type 3 Type 4 

 

In this chapter the comprehension metric was developed with two components called 

expertise and perception.  The expertise component establishes the credibility of the 

expert subject population. The perception component establishes the confidence interval 

in which the expert sample population would have sufficient information to make a 

decision within the domain.  These two components were further developed using simple 

10% increment scales for measurement.  Lastly, the type of decision that an UA 

commander could make was selected.  At this point an experiment could be designed to 
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determine how much an expert tactical decision maker would need to make a decision 

within his domain.    



52 

4.  Experimental Method 

Up to this point the four assumptions used to develop the comprehension metric have 

been described.  The methodology to measure the two components called perception and 

expertise was developed.  Furthermore the perception component was fixed at 10% 

intervals while the level of the expertise component would vary per individual subject.  

Finally the type of decision that underlay the construction of the scenarios used to collect 

data from the expert tactical decision making subjects was selected.   

In the first section of this chapter, an experimental hypothesis will be developed to 

determine how much information an expert tactical decision maker would require to state 

that he was ready to make a decision during the conduct of a replicated tactical mission.  

In the second section, the number of subjects needed to replicate a representative UA 

commander population in 2020 will be determined.  In the third section, the questions 

used to collect the background data on the subject’s expertise will be discussed.  In the 

fourth section, the method used to create the scenarios used during the conduct of the 

experiment will be explained. Lastly, in the fifth section, the questions used during the 

conduct of the experiment to collect data on the subjects’ perception will be developed.  

4.1: Experimental Hypothesis 
 
In order to give validity to the comprehension metric, an experiment was designed to 

determine how much information an expert military tactical decision maker would need 

to make a decision using a replicated display of a common operating picture from a 

future battle command system.  The experiment was constrained by focusing only on a 

“normal changing” decision making event described in the last chapter.  The experiment 
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would test the hypothesis that a military tactical decision making subject matter expert 

(SME) would need less than 80% of the available information to reach a decision.  This 

made the null hypothesis that a domain subject SME would need 80% of the available 

information to make a decision.  The value for the confidence level was set at 95% with 

alpha at 0.05.   

The experiment was structured to collect the data from an individual subject in one 

session lasting approximately one hour.  The expert was given general instructions that 

outlined the purpose and process for collecting the data for this experiment.  Background 

data to test this hypothesis were recorded via an interview process to determine the 

amount of declarative and procedural information possessed by each domain expert. 

[Endsley 2000a, Barber 2003b]  Each domain expert was then presented with three 

tactical military scenarios of increasing complexity with embedded “decision points” and 

the priority information requirements that supported each decision point.  These scenarios 

were displayed on a laptop computer at the interview location.  Background tactical 

information for each scenario was presented initially as a set of charts to frame the 

scenario’s tactical mission.  This information would normally be contained in the various 

paragraphs of an operations order. [FM 5-0 2005]  This background information was then 

followed by depictions of six discrete events or “snapshots”.  The first event provided the 

subject with 50% of the available information contained in the scenario.  More 

information was provided in 10% intervals until all (100%) of the available information 

contained in the scenario was presented.  This information was presented as a 

combination of graphical images and text.  The three tactical scenarios are depicted in 

Appendices C (Scenario One), D (Scenario Two) and E (Scenario Three).  The process 
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used initially to create the scenarios and the conversion from the time domain into the 

information domain is discussed in Appendix F using Scenario Two as an example. 

As soon as the expert decided that he had sufficient information to make a decision, 

the particular scenario was stopped.  The amount of information that the expert required 

to make the decision, his answers to six questions, and any other related information 

provided during data collection were recorded on paper for later analysis.  Results from 

interviews with 24 tactical decision-making experts were used to determine the 

acceptance region for the amount of information required by a representative domain 

expert to make a decision in the specific “use case” domain.  Descriptive statistical 

analysis was then conducted to either “reject” or “fail to reject” the null hypothesis.  

[Montgomery 1999]  Once the structure of the experiment was developed, it was then 

necessary to determine how many subjects would be needed to replicate the likely 

population of UA commanders in 2020.   

4.2: Number of Subjects 
 

In order to determine the number of subjects needed for data collection it was first 

necessary to make an assumption about the number of units of action that would exist in 

2020.  The number of these units that will be created continues to vary from source to 

source.  The low end is estimated at 47 units of action with the high end at 77 units of 

action. [CGM 2004, Griffin 2004, G3FM 2005]  In order to develop a satisfactory sample 

population, the target population was set at 80 UA commanders.  This way the high end 

of the estimated number was included with an additional margin of three units. 
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The sample size needed to represent this target population was calculated using two 

web-based sample size calculators. [SSC 2005, Raosoft 2005]  The confidence level was 

set at 95%.  The confidence interval was set at 20%.  This allowed the null hypothesis 

mean perception level to be set at 80% with the confidence interval ranging from 60% to 

100%.  The result from the sample size calculators is depicted in Figure 4.  The 

experiment required a sample size of 19 subjects to represent the target population of 80 

UA commanders.  This calculation was confirmed independently by a research engineer 

at The University of Texas at Austin as part of the Digital Warrior Project. [Paulouskaya 

2005b] 

An Information-based Metric for a Human-Machine Control System in 
Dynamic Operating Environments

RQ2:  How can we validate this metric within a specific domain? 

Determining the minimum sample size

1. E (Margin of Error) 20% n = (NX)/[(N-1)E2+X]
2. CI (Confidence Interval) 95% E= [((N-n)X)/(n(N-1))]1/2

3. N (Population Size) ≤ 80 X= (Zα)2R (100-R)
4. R (Response Distribution) 50%
5. n (Sample Size) 19

21141025%
28191520%
39292315%
55443710%

99%95%90%E\CI

Determining Minimum 
Sample Size (n)

12

10

8

6

4

2

0

0.800.60 0.70 0.90 1.00

20% margin of error for 
experimental null hypothesis

Comprehension Distribution

 

Figure 4: Determining the Sample Size 
 

Next it was necessary to locate a minimum of 19 individuals for data collection.    

Screening criteria were developed to sharply focus the data collection on recognized 

expert military tactical decision makers.    One of the tacit findings of the research was 

that human variability should not be assumed when dealing with target populations that 
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have been filtered using screening criteria to develop representative sample populations.  

[Strenberg 2002]  At first, this may seem to contradict the use of random samples drawn 

from a larger sample population as a manner to develop the representative population.  

[Montgomery 1993, Montgomery 1999]  However, in this use case, the career profiles of 

current successful military officers could be used to develop similar characteristics when 

developing the comprehension metric for the Unit of Action (UA) commander in 2020. 

Based on the available information, it appeared that the selection process for UA 

commanders would not change radically. [Griffin 2004, OPD 1998]  

Therefore, in this study, the three baseline screening criteria were three key duty 

positions that could conceivably lead to the selection of future officers as UA 

commanders.  The first of these three duty positions was an assignment as a battalion 

commander.  This is subordinate leadership position that directly makes the officer a 

likely candidate for selection for higher-level command positions.  It can be thought of as 

the gateway to future selection as a UA commander.  Those officers that do not become 

battalion commanders are normally unlikely to be selected for higher level command. 

[OPD 1998] The second and third positions were assignments as a brigade-level 

operations officer (S3) or executive officer (XO).  These two positions are likely 

indicators for future selection as a battalion commander, as well as providing the officers 

with the experience in brigade-level operations that can be directly related to tactical 

decision making as a UA commander. [O&O 2003, FM 3-90 2003]  All 24 officers that 

were interviewed for this research study met one or more of these three screening criteria 

as describe in Appendix G. 
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Using these screening criteria, the next challenge was to find the subjects themselves.  

The Army is currently conducting military operations at a high tempo.  Units are either: 

training for, deploying to, returning from, or restructuring after conducting military 

operations across the world. [Diem 2005]  This severely reduced access to a target 

population comprised solely of active duty military officers.  In their absence, it was 

possible to draw upon the retired military officer community in the vicinity of Fort Hood, 

Texas to test the experimental hypothesis.  This would also allow the results of this study 

to be used as a pilot test for further research primarily using active-duty officers.  These 

retired officers were screened using the same criteria as the active duty officers.   

The subjects were identified using an expanding web of personal recommendations 

starting from the initial subject interview.  Most subjects identified other potential 

candidates and, in some cases, even coordinated for the next interview.  All interviews 

were voluntary.  Within a period of two months, the number of interviews needed to 

represent the target population was completed.  Information on the demographics of the 

eight active-duty and 16 retired officers is in Appendix A.  Combining the active-duty 

officers with the retired officers as the target population provided a rich pool of 

experiences spanning time from military operations in the Republic of Vietnam in 1965, 

through more recent operations in Afghanistan and Iraq in 2005.  In the next section, the 

background questions used to screen the subjects and collect the data that were used to 

create the expertise component of the comprehension metric are developed. 
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4.3: Collecting Subject Expertise Data 
 

The background information collected on each domain expert provided the data to 

create the expertise component of the comprehension metric while protecting the identity 

of the volunteer subjects.  The data were collected in the following areas:  

• Identification Number - Provided administrative control of the data. The expert’s 
name and contact information were not used in this dissertation. However, they 
were available in case further questions needed to be asked to clarify an answer in 
light of later discovery. 

 
• Date of Survey - Provided administrative control of the relative order of the when 

the data was to be collected for scheduling purposes. 
 

• Highest Military Rank – Provided a general indication of the expert’s level of 
leadership experience within the Army.  It also allowed for the possible 
correlation among different experts based on their relative hierarchical positions.  
For example, a subject that was a battalion commander may not have the same 
insights as a subject that was a division-level commanding general. 

 
• Years of Service – Provided for a general indication of the length of the expert’s 

career.  It also allowed for the possible correlation among different experts based 
on their relative length of service.  For example, a subject that has 20 years of 
experience may not have the same insights as a subject that had 30 years of 
experience. 

 
• Civilian Education Level (Level/Year) – Provided a general indication of the level 

of declarative knowledge for the expert based upon formal academic training.  All 
officers were expected to have a minimum of a bachelor-level academic 
education. [OPD 1998] 

 
• Military Education Level (Level/Year) – Provided a general indication of the 

level of declarative knowledge for the expert based upon formal military 
institutional training.  All officers were expected to have completed the equivalent 
of the US Army Command and General Staff College. [OPD 1998] 

 
• Combat Training Center (CTC) Experience (CTC/Position/Year) – Provided a 

general indication of the level of procedural military training in which an expert 
could make decisions in a training environment outside the expert’s direct control.  
The Army CTCs provide a cadre of observer controllers that provide detailed after 
action reviews (AARs) based on training performance feedback collected during a 
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training event.   This allows the commander to develop an assessment of his 
effectiveness.  [FM 7-0 2002, Funk 2005, Prince 2005] 

 
• Deployments – Provided a general indication of the level of procedural military 

training in which an expert could make decisions in a operational environment.  It 
was likely that the commander would only have internal feedback to assess his 
effectiveness.   

 
• Key Leadership (Position/Unit type/ Duration) – Provided an indication of the 

expert’s leadership positions and the level at which he could have potentially 
made similar decisions to those embedded in the three research scenarios. 

 
• Key Staff (Position/Unit type/ Duration) - Provides an indication of the expert’s 

key operational supporting staff positions and the level at which he could have 
potentially aided a commander in making similar decisions 

 
• Combat Experience (Position/Unit Type/Duration) – Provided an indication of the 

hierarchical level and position at which the expert could have potentially made 
similar decisions in a real-world situation. 

 
The subjects’ answers to these 11 questions provided the basis for the expertise 

component.  The table used to display this information is depicted in Table 2.  The 

analysis of the subjects’ responses that forms the expertise component is discussed in the 

next chapter.  Each subject’s replies to these questions are in Appendix G.  Next it was 

necessary to create the scenarios to display the information to determine the point at 

which the expert felt he had enough perception of the situation to make a decision.   

Table 2: Subject Expertise Assessment. 
Knowledge Intelligence Type Domain Value Scenario # 
  Friendly Enemy Environment Other 
None   0     

General CEL 1     
Declarative  
“Facts” 

Academic 
Intelligence Specialized 

 MEL 2     

Internal 
Training 3     

Simulated External 
Training 4     

Procedural  
“How to 
do” 

“Tacit” 
Intelligence 
(Sternberg 

Reality Operational 5     
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4.4: Creating the Scenarios 
 

Three tactical-level decision making scenarios were created for the experiment.  The 

scenarios were constructed so as to increase their complexity and the amount of 

information contained in the scenario as the subject progressed through the interview. 

Each scenario was based on example vignettes developed for equivalent-sized units 

converting to the modular brigade combat team (BCT) organization or example vignettes 

used in the development of concepts for the Future Combat System. [CGM 2004, O&O 

2003, O&Ov3 2004]   The first scenario was constructed using only friendly and enemy 

combat entities with a total of 78 information items.  This scenario was designed to focus 

the subject on the basic military symbology and tactics used by the unit of action (UA) 

commander. The second scenario added terrain and other environmental influences 

within the area of operations with a total of 188 information items.  This scenario was 

designed to focus the subject on the military aspects of terrain using the UA within a 

specific area of operations.  The third scenario added other groups of forces and rules of 

engagement with a total of 232 information items.  This scenario was designed to focus 

the subject on the likely conditions faced by the UA commander when operating in the 

complex operational environment of 2020.  Next the components used to create each of 

the scenarios are described. 

The entities for each scenario that represented the friendly force under the control of 

the UA commander were created from the latest version of the proposed Future Combat 

System organizational structure. [O&O 2003, O&Ov3 2004]  The entities representing 

the enemy forces were created from a composite organizational structure drawn from the 

example vignettes developed for equivalent-sized units under going conversion to the 
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modular brigade combat team (BCT) organization. [CGM 2004]  The entities 

representing the suspect, neutral or unknown groups were derived from recent changes to 

the Army’s common terms and graphics based on recent experiences in Afghanistan and 

Iraq. [FM 1-02 2004]  Finally, the rules of engagement (ROE) were derived from Army 

doctrine for the conduct of stability operations. [FM 3-07 2003].  Examples of each of 

there types of entities can be found in Appendices C, D, and E. 

All of these entities maneuvered using combat effectiveness values and movement 

rates against various levels of opposition derived from open-source Army doctrinal or 

related publications. [Dupuy 1987, FM 34-130 1994]  The combat effectiveness or 

“combat power” numerical values for these entities were arbitrarily assigned to reflect the 

projected advantages in capabilities provided by the Future Combat System family of 

integrated systems and the concept of Full Spectrum Dominance in 2020. [O&O 2003]  

The movement rates for all of these entities were based on the “Brigade and below 

opposed rates of advance, in km/h”. [FM 34-130 1994]  As an example, if there was no 

immediate enemy contact, the ground elements of the UA could advance at a minimum 

rate of 3.0 kilometers per hour (kph).  Once the friendly ground elements made contact 

with enemy forces, the rate of advanced would slow to less than 0.9 kph.  The initial 

graphical depictions were all based on the movement rate for the slowest entity so that 

the time would be held constant for all entities.   

Casualties to the entities were assessed based on a simple “combat probabilities” table 

derived from a calculation of the combat power ratios of the entities. [CBS 2003, 

COBRA 2003]  This table and a simple example of a “combat odds” determination is 

depicted in Figure 5.  For example, if a friendly combined arms battalion (CAB) attacked 
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a defending enemy infantry battalion at three to one odds, the combat-odds table would 

indicate that the friendly force would be successful 33% and unsuccessful 67% of the 

time with a 50% chance of having casualties inflicted.  Conversely, the enemy force 

would be successful 67% and unsuccessful 33% of the time with 50% chance of having 

casualties inflicted.  

The probabilities from this first table were then recalculated into a stochastic table 

with the results determined by rolling a six-sided die once for each combat action.  

However, a computer-based random number generator or process from a commercial 

combat-based game would work equally as well.  Representative casualties were applied 

as reductions in combat effectives in the next time increment.  The combat resolution 

table and an example of the combat resolution process are depicted in Figure 6.  

0.500.500.500.500.500.500.500.330.17Defender Loss

0.000.170.330.500.670.831.001.001.00Defender 
Success

1.000.830.670.500.330.170.000.000.00Defender 
Failure

0.000.170.330.500.500.670.830.830.83Attacker Loss

0.000.170.330.500.670.831.001.001.00Attacker Failure

1.000.830.670.500.330.170.000.000.00Attacker 
Success

Probability of: 

7.006.005.004.003.002.001.000.500.33

Attacker 
Combat 
Effectiveness 
(ACE) versus 
Defender 
Combat 
Effectiveness 
(DCE)

Two CABs, with a combat 
effectiveness of 5 each, and one 
NLOS battalion with a combat 
effectiveness of 4, are attacking
one enemy infantry battalion, 
with a combat effectiveness of 2, 
and one artillery battalion, with a 
combat effectiveness of 3. This 
results in a combat ACE versus 
DCE of 5+5+4 : 2+3 = 14 : 5 
= 3:1 “odds” (Round up)

Combat Probabilities Table

• “Loss” is 25% of a unit to the appropriate side. 
• “Defender Failure” results in the retreat of the  

defending units and the advance of the attacking units.
• “Attacker Failure” means the defending units do not retreat.

Example of Combat Resolution Process (1)

CAB1

CAB2

NLOS

 

 Figure 5: Combat Probabilities Table and Example  
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Combat Resolution Table
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Die Result: 

7.006.005.004.003.002.001.000.500.33

Attacker 
Combat 
Effectiveness
(ACE) 
versus 
Defender 
Combat 
Effectiveness
(DCE)

DS: Defender Success = Attacker Failure
AS: Attacker Success = Defender Failure
A: Attacker loses 25% CE
D: Defender loses 25% CE

With the Comprehension Modifier
Two CABs, with a CE of 5 each, 
and one NLOS battalion with CE 
of 4, are attacking one enemy 
infantry battalion, with a CE of 2, 
and one artillery battalion, with a 
CE of 3. This results in a combat 
ACE versus DCE of 1.67 * 
(5+5+4) : 2+3 = 23.4 : 5 = 5:1 
“odds” (Round up). The die roll is 
“5”. The result is AS/D which 
implies the defender loses 25% 
CE of the infantry battalion and it 
retreats.  The attacker occupies 
the defender’s former position.

Example of Combat Resolution Process (2)

CAB1

CAB2

NLOS

 

Figure 6: Combat Resolution Table and Example 
 

The first scenario did not consider the use of terrain so the background was a white 

screen.  The second and third scenarios added the military aspects of terrain.  An 

electronic map was used in these two scenarios as a background to regulate movement 

and replicate a typical area of operations for the unit of action against a similar enemy 

force. [USGM 2003]  Additional unclassified three-dimensional terrain imagery was 

provided by the Command Post of the Future (CPOF) Team at Fort Hood, Texas for the 

background information used to frame the two scenarios. 

At this point the movement and combat actions for each scenario were completed in 

the time domain.  Time was considered as a generic measurement to keep it aligned with 

the slowest moving entity and labeled as T+0 through T+10.  An example of this process 

as applied to the second scenario is in Appendix F.  The scenario data were then 
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transformed from the time domain into the information domain by removing the time 

scale and replacing it with a percentage of information scale.  The total number of 

information items for each scenario was then reapportioned into percentile groups. The 

scenario data were then represented both graphically and textually in discrete ten-percent 

increments via a depiction of a representative battle command system.  This scale made 

the movement of the entities somewhat irregular since they would sometimes appear to 

move forward at a rapid rate between the replicated displays.  However, this irregular 

movement did not prevent any of the interview subjects from completing all of the 

scenarios.  Once the scenarios were developed it was then necessary to develop the 

questions to collect perception data during the interview sessions. 

4.5: Collecting Subject Perception Data 
 

After the expert was given the general instructions for the interview and completed 

the background questions, the last step was to determine when he had sufficient 

information to make his decision during each individual scenario.  This required that one 

more set of questions needed to be created to collect the required data.   

The main requirement was to determine what data were needed to indicate when the 

expert made a decision in the context of the particular scenario.  The most direct way to 

collect these data was to simply ask the subject to stop the presentation of scenario 

information when he was ready to make a decision.  Additional data were also needed to 

indicate the expert’s rationale for his decision, as well as the key pieces of information 

that could have allowed him to make his decision earlier if it had been provided.  These 

six questions were developed to accomplish this requirement. 
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• When did you think that you had sufficient information to make the decision? – 
This question provided a definitive answer as to when the expert was ready to 
make his decision. 

 
• Why did you think that you had sufficient information to make the decision? – 

This question collected information from the expert provided on his rationale for 
having sufficient information to make his decision. 

 
• What did you decide to do? – This question collected information from the expert 

on his decision and any modifications he made to the binary decision option 
provided by the scenario. 

 
• Why did you decide on that course of action? – This question collected 

information from the expert on his rationale for choosing the specific option. 
 

• What do you expect to be the results of your decision? – This question collected 
information from the expert on his view of the endstate for the scenario. 

 
• What was the key piece of information that would have allowed you to make the 

decision earlier? – This question helped identify the critical information the expert 
used to make his decision.  This was a method to determine the most important 
piece of information contained within the scenario that triggered the expert’s 
awareness that he understood the situation. 

 
Up to this point, the experimental hypothesis was developed to determine how much 

information a tactical decision maker would require to make a decision during the 

conduct of a replicated tactical decision making event.  The minimum number of subjects 

needed to replicate the UA Commander population in 2020 was 19.  The questions and 

scenarios used to collect the data from the subjects were developed.   In the next chapter, 

the results of the experiment will be discussed to see if the hypothesis was supported.   
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5.  Results and Analysis 

This chapter answers the second research question by validating the comprehension 

metric using the data collected from the 24 expert tactical decision making subjects 

during the interview process.  Developing this answer required two steps.  The first step 

was to determine if the subjects would replicate the target population.  This was done by 

validating each component of the metric and then the metric itself.  The second step was 

to test the experimental hypothesis.  This was done using a standard eight-step hypothesis 

testing procedure.  Once these two steps were completed it would then be possible to 

show how this comprehension metric could be used in a practical sense. 

5.1 Validating Subject Population Expertise 
 

The first action was to use descriptive statistics to validate the expertise component of 

the sample population.  Initially the JMP 4.0 software application [JMP 2001] was used 

to calculate and depict the mean, standard deviation and other information from the 

available data.  As seen from the box or “whisker” plots and text in Figure 7, the level of 

the subjects’ tactical decision-making expertise decreased from the first through the third 

scenario from a high of 91.25% through 88% down to 84.79%.  [Montgomery 1999]  The 

red line on the box and whiskers plots indicates the shortest interval that contains half of 

the available data. [JMP 2001]  From analysis of the demographic data in Appendix A, it 

appeared that the major reason for the decrease in relative expertise among the three 

scenarios was first due to the lack of training or combat experience in urban warfare, and 

second, due to the lack of training or combat experience in stability operations among the 

sampled population of military tactical decision making experts. 
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The mean level of expertise for all three scenarios was 87.75%, with a change in 

expertise between scenarios of approximately 3.4%.  This is depicted using box plots and 

text in Figure 8.  Using the Army’s combat effectiveness scale previously discussed 

implied that a representative average tactical decision maker developed from a composite 

of the 24 experts was considered combat effective in terms of his expertise since his 

expertise remained greater than 80% through the three scenarios.   
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 Figure 7: Expertise by Scenario 
 

The next action was to analyze expertise for normality.  This analysis used the SPSS 

software application to confirm the initial analysis using the JMP application, as well as 

to take advantage of the increased statistical processing and graphical capability of SPSS. 
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[Paulouskaya 2005b, SPSS 2005]  As depicted in Table 3, there were no missing data.  

The skewness for expertise was -.040 which implied it was skewed slightly to the left.  

Skewness is the amount of asymmetry or lopsidedness of a probability distribution. A 

value of zero is a symmetric distribution.  [Barnes 1994]  Kurtosis is a measure of 

“peakedness”.  In this case a value of “+/-1” would be considered a good distribution. 

[Barnes 1994]   Since the value was -1.391, this implied that the kurtosis of expertise was 

not pronounced.  However, no data were eliminated since the sample population was 

relatively small.  The distribution of expertise is depicted graphically in Figure 9. 
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Figure 8: Average Expertise and Changes between Scenarios 
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Table 3: Expertise Data Analysis 
Valid 24 Expertise              N 
Missing 0 

Mode .93 
Std. Deviation .08533 
Skewness -.040 
Std. Error of Skewness .472 
Kurtosis -1.391 
Std. Error of Kurtosis .918 
Sum 21.06 

 
In summary, the expertise data collected for the 24 expert subjects were considered to 

be normally distributed.  The next step was to complete the analysis of the perception 

component using the same methodology. 
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Figure 9: Average Expertise Distribution  
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5.2 Validating Subject Population Perception 
 

The third action was to use descriptive statistics to validate the perception component 

of the sample population.  Initially the JMP 4.0 software application [JMP 2001] was 

used to calculate and depict the mean, standard deviation and other information from the 

available data.  As seen from the box plots and text in Figure 10, the level of the subjects’ 

tactical decision making perception remained almost constant from the first through the 

third scenario from 68.75% through 69.58% down to 69.17%.  
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Figure 10: Perception by Scenario 
 

The mean level of perception for all three scenarios was 69.04%, with the change in 

perception between scenarios of no more than one percent.  This is depicted using box 
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plots and text in Figure 11.  Using the Army’s combat effectiveness scale previously 

discussed implied that a representative average tactical decision maker developed from a 

composite of the 24 experts was considered marginally combat effective in terms of his 

perception since it remained less than 80% but greater than 65% through the three 

scenarios.  However, this implication did not seem to be of value in developing the 

comprehension metric since the use of the perception was to help determine when the 

expert subject had sufficient information to make a decision.  In terms of rapid decision 

making, this would contradict the idea that less information is better and imply that it is 

better to wait for a more perfect information picture than to make a decision sooner.  This 

implication illustrated one of the differences between the of course of action comparison 

used in analytical decision making and the concept of satisficing used in naturalistic 

decision making discussed in Chapter Two. 

The next action was to analyze perception for normality.  This analysis used the SPSS 

software application to confirm the initial analysis using the JMP application, as well as 

to take advantage of the increased statistical processing and graphical capability of SPSS. 

[SPSS 2005]  As depicted in Table 4, there were no missing data.  The skewness for 

perception was 0.022 which implied it was skewed slightly to the right.  In this case, the 

value of -0.681 for kurtosis implied that the kurtosis of perception was more pronounced 

than that of expertise.  The distribution of perception is depicted graphically in Figure 12. 
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Figure 11: Average Perception and Changes between Scenarios 
 

Table 4: Perception Data Analysis 
Valid 24 Perception            N 
Missing 0 

Mode .73 
Std. Deviation .08966 
Skewness .022 
Std. Error of Skewness .472 
Kurtosis -.682 
Std. Error of Kurtosis .918 
Sum 16.57 
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Figure 12: Average Perception Distribution  

In summary, the perception data collected for the 24 expert subjects were considered 

to be normally distributed.  The next step was to complete the analysis of the 

comprehension using the same methodology. 

 

5.3 Validating Subject Population Comprehension 
 

The fifth action was to use descriptive statistics to validate the comprehension metric 

for the sample population.  Initially the JMP 4.0 software application [JMP 2001] was 

used to calculate and depict the mean, standard deviation and other information from the 

available data.  As seen from the box plots and text in Figure 13, the level of the subjects’ 
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tactical decision-making comprehension showed a steady decrease from the first through 

the third scenario from 62.75% through 61.13% down to 58.54%.  

The mean level of comprehension for all three scenarios was 60.42%, with a change 

in comprehension between scenarios of no more than 2.58% percent.  This is depicted 

using box plots and text in Figure 14.  Using the Army’s combat effectiveness scale 

previously discussed implied that a representative average tactical decision maker 

developed from a composite of the 24 experts was considered marginally combat 

effective in terms of his comprehension since it remained less than 80% but greater than 

50% through the three scenarios.  In terms of rapid decision making, using this rating 

scale would contradict the idea that less comprehension is better and imply that it is better 

to wait for a more perfect comprehension than to make a decision sooner.  This 

implication once again illustrated one of the differences between analytical and 

naturalistic decision making.  However, this mean value for comprehension provided the 

initial indications that the composite comprehension level of the expert subjects was 

indeed less than 80%.  Further analysis of this implication was deferred until the 

experimental hypothesis was validated. 
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Figure 13: Comprehension by Scenario 
 
The next action was to analyze comprehension for normality.  This analysis used the 

SPSS software application to confirm the initial analysis using the JMP application, as 

well as to take advantage of the increased statistical processing and graphical capability 

of SPSS. [SPSS 2005]  As depicted in Table 5, there were no missing data.  The 

skewness for comprehension was 0.465 which implied it was skewed slightly to the right.  

In this case, the value of 0.322 for kurtosis implied that the kurtosis of perception was not 

pronounced.  The distribution of comprehension is depicted graphically in Figure 15. 
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Figure 14: Average Comprehension and Changes between Scenarios 
 

The data were then analyzed for extreme values or “outliers” using the Mahalanobis 

Distance as depicted in Table 6.  This distance is computed with respect to the 

correlations as well as the means and standard deviations of expertise and perception. 

[JMP 2001]  The degree of freedom is 2 and p < 0.05.  Since there were no outliers 

exceeding the critical value χ2=10.597, no transformation was needed. [Barnes 1994]  In 

summary, the comprehension data collected for the 24 expert subjects were considered to 

be normally distributed.  The next action was to complete the analysis of the 

comprehension data using additional analytical techniques embedded in the SPSS 

application. 
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Table 5: Comprehension Data Analysis 
Valid 24 Comprehension    N
Missing 0 

Mode .57 
Std. Deviation .09292 
Skewness .465 
Std. Error of Skewness .472 
Kurtosis .322 
Std. Error of Kurtosis .918 
Sum 14.50 
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Figure 15: Comprehension Distribution 
 

Table 6: Comprehension Outliers Analysis 
Mahalanobis  Highest 1 20 5.20049 
 Distance   2 10 4.41887 
    3 22 3.39756 
    4 8 3.21942 
    5 21 3.04806 
  Lowest 1 16 .05186 
    2 6 .06636 
    3 17 .39938 
    4 24 .51345 
    5 18 .66102 
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The eighth action was to complete the analysis of the comprehension metric using the 

Kolmogorov-Smirnov Tests of Normality and two types of Scatter Plots.  The 

Kolmogorov-Smirnov Test was used to determine if first, the data sets for comprehension 

and expertise, and then if second, the data sets for comprehension and perception differed 

significantly. [KSTa 2005]  This test is usually used to determine the differences in data 

distributions between a control group and a treatment group in a typical experiment.  

[KSTb 2005]  However, in this experiment, the test was used as an additional check to 

see if either of the two components of comprehension could significantly affect the 

overall distribution of the metric itself.  As highlighted in yellow in Table 7 and Table 8, 

the value of 0.200 was the lower bound of significance for the Kolmogorov-Smirnov Test 

of Normality.  If depicted graphically, this value is the maximum vertical deviation 

between the two sets of data.  This test indicated that data collected for this experiment 

passed the normality test for both expertise and perception when compared to the 

comprehension metric.  The Lilliefors Significance Correction used in these tests 

accounts for the difference between the model and a pure Gaussian distribution. [LSC 

2005] 

The ninth action was to use a scatter plot to further test the values for normality. 

Homoscedasticity is the assumption that the variability in the values for one variable is 

roughly the same at all values of the other variable.  A normal distribution would 

generally have an elliptical distribution.  Figure 16 shows that the expertise, perception 

and comprehension data also fill the requirement for linearity since the shapes are 

elliptical.  Therefore no transformation of the data was required. [MVS 2005]  This 

graphical technique also depicted that the linear relationship between comprehension and 



79 

perception was stronger than the relationship between comprehension and expertise.  This 

may imply that when assessing a new situation, the human attempts to first examine his 

environment by searching for key information by using patterns and information stored in 

his long-term memory to shape his perception.  This could provide additional support for 

the concept of the human as a serial information processor as discussed in Chapter Two.  

However, this implication was not further explored at this time. 

Table 7: Kolmogorov-Smirnov Tests of Normality for Expertise 
Kolmogorov-Smirnov Test of Normality (a,b,c,d,e,f,g,h,i) 

Expertise Statistic df Sig. 
0.78 0.307 4  
0.80 0.373 3  
0.93 0.180 5 0.200* 
1.00 0.200 4  
* This is a lower bound of significance 
a. Lilliefors Significance Correction 
b. Comprehension is constant when Expertise = 0.74.  It has been omitted. 
c. Comprehension is constant when Expertise = 0.77.  It has been omitted. 
d. Comprehension is constant when Expertise = 0.86.  It has been omitted. 
e. Comprehension is constant when Expertise = 0.87.  It has been omitted. 
f. Comprehension is constant when Expertise = 0.88.  It has been omitted. 
g. Comprehension is constant when Expertise = 0.91.  It has been omitted. 
h. Comprehension is constant when Expertise = 0.92.  It has been omitted. 
i.  Comprehension is constant when Expertise = 0.94.  It has been omitted. 

 
The last action was to develop a scatter plot of the residuals.  As depicted in Figure 

17, the residuals, as calculated as the difference between the linear equation for 

comprehension determined in Table 15 and the actual values for the 24 subjects, were 

clustered around zero.  This supported the assumption of linearity.  [Montgomery 1999] 
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Table 8: Kolmogorov-Smirnov Tests of Normality for Perception 
Kolmogorov-Smirnov Test of Normality (a,b,c,d,e,f,) 

Perception Statistic df Sig. 
0.57 0.361 3  
0.60 0.260 2  
0.63 0.260 2  
0.67 0.292 3  
0.73 0.250 5 0.200* 
0.77 0.337 3  
* This is a lower bound of significance 
a. Lilliefors Significance Correction 
b. Comprehension is constant when Perception= 0.53. It has been omitted. 
c. Comprehension is constant when Perception= 0.70. It has been omitted. 
d. Comprehension is constant when Perception= 0.80. It has been omitted. 
e. Comprehension is constant when Perception= 0.83. It has been omitted. 
f. Comprehension is constant when Perception= 0.87. It has been omitted. 
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Figure 16: Scatter Plot Test for Linearity and Homoscedasticity 
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Up to this point, we can therefore assume that the data satisfied the requirement for 

linearity, normality, and homoscedasticity.  The next action was to further analyze the 

correlation between expertise, perception and comprehension using the Pearson Product 

Moment Correlation, commonly called Pearson’s Correlation. [PCT 2005]  The 

correlation between comprehension and its two components reflects the degree to which 

they are related.  A value of “+1” would indicate a perfect positive linear relationship.  A 

value of “-1” would indicate a perfect negative linear relationship.  A value of “0” would 

imply that there was no correlation. [PCT 2005]  Using the SPSS Pearson Correlation 

function indicated that all 24 subject values are linear.  There was a stronger relationship 

between comprehension and perception than there was between comprehension and 

expertise.  There was also a weak negative linear relationship between expertise and 

perception.  This supported the results using the scatter plot technique. 
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Figure 17: Comprehension Residual Scatter Plot 
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Table 9: Pearson’s Correlation 
Pearson’s Correlation    
N=24 Comprehension Expertise Perception 
Comprehension 1.000 0.542 0.754 
Expertise 0.542 1.000 -0.138 
Perception 0.754 -0.138 1.000 

 
The SPSS Model Summary function depicted in Table 10, and the SPSS ANOVA 

Summary function depicted in Table 11, indicated that the overall model of perception 

and expertise predicts comprehension in a manner that is statistically significant.  The 

value of “R Square” at 0.994 in Table 10 indicated that variance in comprehension was 

accounted for by the comprehension model.  The value of 0.000 in Table 10 and Table 11 

both indicated that this model is statistically significant. [Montgomery 1999, SPSS 2005]  

Both of these values are highlighted in yellow in the appropriate table. 

Table 10: Model Summary 

Model R 
R 
Square 

Adjusted 
R Square 

Std. Error 
of 
Estimate Change Statistics 

          

R 
Square 
Change F Change 

df
1 

Df
2 

Sig. F 
Change

1 .997 .994 .993 .00761 .994 1703.782 2 21 0.000 
All requested variables entered. Dependent Variable: Comprehension 

 

Table 11: ANOVA 

Model   
Sum of 
Squares Df Mean Square F Sig. 

1 Regression .197 2 .099 1703.782 0.000 
  Residual .001 21 .000     
  Total .199 23       

All requested variable entered.  Dependent Variable: Comprehension 
 

The last action for the first step of analysis was to develop a multivariable equation to 

determine the comprehension level of the tactical decision making expert.  The 



83 

comprehension equation was derived from the values for expertise, perception, and a 

constant as indicated in Table 12.  In this case, the table derived from the SPSS function 

also indicated that the tolerance value was greater than 0.1.  This also indicated that 

statistically this was a good relationship for the comprehension metric.  

C = -0.630 + 0.717*E + 0.875* P            (2) 

 

Table 12: Multivariable Linear Equation 
Model Unstandardized 

Coefficients 
Standardized 
Coefficients 

T Sig. Correlations Collinearity 
Statistics 

 B Std 
Error 

Beta   Zero-
Order 

Partial Part Tolerance VIF 

Constant -0.630 0.022  -28.673 0      
Expertise  0.717 0.019 0.659 38.196 0 0.542 0.993 0.652 0.981 1.019 
Perception  0.875 0.018 0.845 48.991 0 0.754 0.996 0.837 0.981 1.019 
 

Up to this point, the first of the two steps to complete an analysis of the data and 

validate the comprehension metric was completed.  The conclusion was that the sample 

population of tactical decision making expert subjects replicated the target population of 

unit of action commanders in 2020.  The next step was to test the experimental 

hypothesis itself.   

5.4 Testing the Experimental Hypothesis 
 

In order to complete the second step that gave validity to this metric, an experiment 

was designed previously to determine how much information an expert military tactical 

decision maker would need to make a decision using a replicated common operating 

picture display for the battle command system.  The experiment was constrained by 

focusing only on a “normal changing” decision making event described in the last 

chapter.  The experiment would test the hypothesis that a military tactical decision 

making subject matter expert (SME) will need less than 80% of the available information 
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to reach a decision.  This made the null hypothesis that a domain subject matter expert 

(SME) would need 80% of the available information.  The value for the confidence level 

was set at 95% with alpha at 0.05.   

A general eight-step procedure for hypothesis testing was followed to test this 

experimental hypothesis.  [Montgomery 1999]  (1) In this experiment, the parameter of 

interest was the average or mean value of comprehension (C).  (2) The null hypothesis, 

Ho, was that mean value for comprehension, μo, was equal to 0.80.  (3) The alternate 

hypothesis H1 was that μ1 was less than 0.80.  (4) The level of significance, α, was set at 

0.05.  (5) The appropriate test statistic was Zo = (X- μo) / (σ/√n).  (6) The experiment was 

a one-sided lower tail test with Zα = -1.65.  Rejection of the null hypothesis would lead to 

accepting the alternate hypothesis.  (7) The value for Zo = (X- μo) / (σ/√n) was calculated 

as (0.604 – 0.80) / (0.093 / √24) = -10.325.  (8) Since -10.325 was less than - 1.65, the 

null hypothesis was rejected at the 0.05 level of significance.  This implied accepting the 

alternate hypothesis that the mean value for comprehension was less than 0.80.  It also 

implied that a 95% confidence interval on the mean (μ) with the variance known was 

0.565 ≤ μ ≤ 0.643.   

At this point, the data collected from the 24 expert tactical decision making subjects 

were found to pass the tests for linearity, normality and homoscedasticity. The model of 

the comprehension metric was found to produce results that were statistically significant.  

The experimental hypothesis was supported.  In the next chapter, the comprehension 

metric and methodology are applied to a representative training simulation in the military 

domain.  In addition, potential applications for building (designing and developing), and 

testing (validating and verifying) the battle command system itself will also be discussed. 
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6.  Application of the Metric and Methodology 

This chapter answers the third research question by applying the methodology used to 

create the comprehension metric and the metric itself within the military domain from 

which it was developed.  It translates the statistical significance of the metric developed 

in the last chapter into the practical significance of actually using the comprehension 

metric in the real world.  This chapter is composed of three sections.   The first section 

illustrates how the metric and methodology could be applied to a representative training 

simulation that serves as an example for the current generation of military combat-based 

simulations discussed in Chapter Two.  The second section depicts how the metric and 

methodology are being used to develop an emerging software application for a virtual 

simulation that will be used to train army brigade combat team-level battle captains to 

complete their information-centric tasks in a tactical environment.  The third section 

depicts how the metric and methodology could be used within a future virtual 

collaborative environment to assist in building (designing and developing), and testing 

(validating and verifying) a future battle command system. 

6.1: Application to a Current Military Simulation 
 

The initial concept for using this metric is based on the previous review of the 

military models and simulations discussed in Chapter Two.  The comprehension metric 

and methodology could be used in two different ways within current military simulations.  

The first method would be as an entity’s combat multiplier that reflects the increased 

comprehension of the situation by the commander and his key subordinates. [Endsley 

2003, FM 2-0 2004, FM 6-0 2001]  This could be represented as a combined arms or 
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“swarming” modifier for a group of entities that reflect the use of this increased 

comprehension to present the enemy commander with multiple, simultaneous and 

different tactical problems. [Alberts 2000, Arquilla 2000, FM 3-90 2003]  Both of these 

ideas require the development of a simple algorithm that would provide a numeric value 

that could be directly incorporated in to the combat resolution processes of the current 

simulations.   

In order to create an algorithm that reflects the increased effectiveness provided by 

the comprehension level of an organizational leader, such as the UA commander in 2020, 

it is first necessary to understand the Army’s use of five elements to calculate combat 

power [FM 2-0 2004].  The first element, maneuver, is defined as “the means by which 

commanders concentrate combat power to achieve surprise, shock, momentum, and 

dominance.”  The second element, firepower “provides the destructive force essential to 

overcoming the enemy’s ability and will to fight”.  The third element, protection, is “the 

preservation of fighting potential of a force”.  These first three elements can be 

considered as the conceptual tools with which the commander is able to craft a victory in 

combat.  The fourth element, information, magnifies the effects of the first three 

elements.  The last element, leadership, “provides purpose, direction, and motivation in 

all operations”.  Combining the last two elements implies that the comprehension metric 

could be used in current military simulations as a multiplier to the commander’s 

leadership element of combat power.  This multiplier reflects the commander’s more 

effective use of information relative to his opponent. 

One way to depict the effects of using this comprehension metric could be created 

using a simple feedback model and executing the model in a simple discrete simulation.  
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There are three assumptions needed to create the model of the UA commander’s battle 

command system (BCS) before the effect of using this metric can be determined. (1) The 

BCS can be modeled as a linear closed loop system.  (2) The “use case” activities in the 

models are considered discrete events as opposed to continuous events in the real world. 

(3) The BCS is considered a safety-critical control system.  

The first assumption is that the BCS can be modeled as a linear closed loop system.  

Each component of this BCS model is defined and modeled as part of a closed loop 

system as depicted in Figure 18. Actuators and disturbances interact in the “Plant” where 

interactions between the values assigned to opposing groups of entities, terrain and other 

groups simulate combat. The results are determined by a stochastic combat resolution 

process as discussed in Chapter Four. [Flach 2003, FM6-0 2001, Franklin 1988, 

Jagacinski 2003, JTRS 2003, Lathi 2002, Levitt 1994, O&O 2003, PEO 2001, Singleton 

1974, Sproull 1991, WIN-T 1999, Woodcock 1993a]  The next step is to add the 

comprehension metric into this basic BCS model.  This is depicted in Figure 19. 

The second assumption is based initially in the time domain.  The assumption is that 

“use case” activities in the simulation are considered as discrete events as opposed to 

continuous events as in the real world.  The BCS model would complete simulation 

iterations using discrete events based upon relative increments of information correlated 

to the scale of the “use case” scenario.  In essence, the simulation runs in the 

“information domain” as opposed to “time domain”.  [Lathi 2002, Jagacinski 2003, Kuo 

1980, Kuo 1995]  
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Figure 18: The BCS as a Closed-loop System 
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Figure 19: The BCS including the Comprehension Metric 
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The third assumption considers the BCS as a safety-critical control system.  This 

implies that there is a small window of opportunity within the time domain for a 

commander to make a decision.  The criticality of making this decision rapidly is relative 

to the magnitude of the losses that could occur if he does not make a decision.  Without a 

timely decision the result is that the system is unable to regulate its process and the 

commander is unlikely to be able to control the battle to a successful conclusion. 

[Redmill 1997, Endsley 2003] 

Any one of the three scenarios used in collecting the data from the expert tactical 

decision making subjects could be executed with in a model of the BCS as a simulation.  

The scenarios’ information increments modeled as discrete information events would be 

correlated against the expert tactical decision making subject’s current level of 

perception.  For each scenario simulation the time of the decision without the expert’s 

average time included (worst case) is determined.  Then the time of decision is 

determined for each scenario but with the experts’ average time to make a decision 

included.  At this point, any differences between the executions of the same basic 

simulation would be analyzed. An example of how the simulation would be conducted 

for a single iteration is depicted at a high level in Figure 20. 

In this example, the UA commander orders three of his elements to attack two of the 

enemy’s units.  Based on the result derived from the combat resolution table, the attack 

fails and each side loses an equal amount of combat effectiveness.  The sensor systems 

collect this data and transmit it to the fusion centers that process and analyze the data to 

meet the commander’s priority information requirements. [FM 2-0 2004]  The 
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commander then either observes his units continue the attack or orders them to continue 

if he perceives that they are no longer attacking. 
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Figure 20: Example BCS Iteration with the Comprehension Metric 

 
However, at this point, an apparent conflict arises in the construction of the 

comprehension metric and this potential use with the elements of combat power.  

Currently, the comprehension metric reflects that a lower value is better since it implies 

that the commander has the information he needs to make a decision.  This means that it 

is necessary to invert the comprehension value and turn the final multiplier into a 

reciprocal of the numeric value of the commander’s comprehension metric.  For example, 

a commander who had a comprehension metric value of 60% would have a combat 

multiplier value of 1.67, as compared to a commander who had a comprehension value of 
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80% and a combat multiplier value of 1.25.  In a time-based simulation, this combat 

effectiveness value could be added to the combat effectiveness values of the 

commander’s entities when it was determined that the commander acquired 

approximately between 65.3% and 72.8% of the available information.  This range of 

values is the 95% confidence interval for the subject sample population’s perception 

depicted in Figure 11.  In this way a commander with a lower comprehension value has a 

combat multiplier with a greater numerical value.  This method is depicted in Figure 21.  

However, this method is essentially a “band-aid” type of solution since it still requires a 

human operator to make an assessment of the time when the commander has sufficient 

information available from the simulation to make a decision.  This suggests that there 

might be a better method to apply the metric to the current generation of simulations.  

The second method to use this comprehension metric would require significant 

modifications to the current military models and simulations.  It would involve 

developing a flexible time modifier that reflects the expert commander’s ability to reach a 

comprehension threshold with less information while assuming the information leading to 

perception is available.  Another way to accomplish the same effect would be to create a 

reduced time of execution modifier that reflects the increased speed of the entity’s 

decision making process. [Alberts 2000, FCS 2003, O&O 2003] However, this would 

require the capability to execute the models within the same simulation in different time 

scales and correlating the results before presenting it to the training audience.  Based on 

the experiences with the slow processing times for JCATS discussed in Chapter Two, this 

is likely to be too computationally intensive to be practical and cost-effective at this time.  

Both of these later options would also require significant modeling of the decision 
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making processes to be used for the future force as well as a detailed model of the 

information collection, processing and presentation processes.  Overall, this second 

method of designing new models and simulations based on variable time could be a 

potential application of the future use of teams of software-based intelligent agents.  

These agents could interact within an overall simulation to rapidly integrate the activities 

of multiple agents representing the different actors in the information collection, 

processing and presentation processes.  [Barber 1997, Fullam 2003, IA/C3D 2004, 

O’Hare 2004]  

It appeared to be difficult to integrate this comprehension metric into a representative 

current simulation which made this use of the metric feasible but not necessarily 

practical.  Therefore, it was necessary to next examine a virtual simulation that is being 

developed around the comprehension metric and depicts tactical decision making events 

in the information domain.  As will be seen, the application of the metric was found to be 

both feasible and practical.  This is discussed in the next section. 
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Figure 21: Using the Comprehension Metric – Method One 
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6.2: Application to an Emerging Military Simulation 
 

Currently, the comprehension metric and methodology are being used to create a new 

military training simulation focused on the use of information in a tactical environment.  

A research team at The University of Texas at Austin, in partnership with the U.S. Army 

Battle Command Training Center at Fort Hood, Texas, is developing the Digital Warrior 

(DW) training system based on the operational training requirements for a heavy brigade 

combat team (BCT) battle captain located in the BCT main command post using a current 

version of the Army Battle Command System (ABCS).  Based on those requirements and 

emerging U.S. Army modularity concepts and procedures, the DW architecture integrates 

advanced pedagogical techniques with state of the art game technology and adaptive 

assessment features to create customized scenarios that give learners, trainers and 

designers the simplified tools they need for successful interactive battle command system 

training experiences. 

The basic DW training system architecture is composed of five software-based 

components residing on a laptop personal computer.  The system is designed as an 

information-centric, interactive, virtual simulation that uses the concepts of 

comprehension, decision points linked to priority information requirements, and discrete 

information events.  The scenario is built on a human’s use of information to recommend 

a course of action to an organizational decision maker.  The scenarios are executed as 

discrete events based on the percentage of information available to the human.  The DW 

system is interactive in the sense that the human operator interacts with his fellow battle 

staff members who are represented as avatars within the virtual simulation environment 

that replicates the organizational information center or command post.  Future versions of 
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the system are planned to be web-accessible.  The DW architecture for this “stand alone” 

version is depicted in Figure 22. [Fussell 2005, Jenevein 2005, Stawasz 2005b] A soldier 

interacts with the DW training system using the collaboration manager, which is the 

initial point of entry for all versions.  This soldier can use the DW training system in one 

of three defined roles. [ADTS 2003]  
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Figure 22: The Digital Warrior “Stand Alone” Architecture 
 

First, an instructional designer can use the DW Scenario Manager to create building 

blocks for a training scenario by configuring scenario data into reusable groups that are 

tagged for rapid identification and access.  The “use case” categories, described in 

Chapter Three, are examples of potential reusable groups.  In essence, the designer uses 

the DW training system to create the raw material for building a training event.  These 

groups are stored in the Scenario Data Repository which is currently embedded in the 

Scenario Manager component.   
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Second, a trainer can use the Scenario Manager to assemble the different 

combinations and sequences of the reusable groups.  He integrates these groups into a 

training event based on his commander’s training guidance and objectives.  This 

guidance and the objectives stipulate the tasks, conditions, and standards for the training 

event using the DW training system.  These three items become the criteria used by the 

Assessment Engine process depicted in Figure 23 to assess a soldier’s performance when 

his role is as a learner. [Stawasz 2005a]  The Assessment Engine currently resides in the 

Scenario Engine.  The output of the process is the basis for the external feedback 

provided to a learner by the AAR Viewer during an after-action review (AAR). 

Third, a learner can initiate a training event using a scenario constructed by the trainer 

from the reusable groups created by the designer.  The scenario is executed in the 

Scenario Engine.  In the current version, the learner completes his tactical tasks while 

interacting with a virtual battle staff.  A current version of the DW training system virtual 

battle staff is depicted in Figure 24. [Jenevein 2005]  During an AAR conducted at the 

end of a training event, or the complete training scenario, the learner is able to review his 

performance as compared to the scenario’s training objectives.  Upon completion of a 

training scenario, or at any time during the event, the user’s profile is stored in a data 

repository which is part of the Fluid Learning Management Environment.  At the same 

time, the scenario information contained in the reusable data groups is stored in the data 

repository residing in the Scenario Manager. 

The comprehension metric and methodology developed in this research are used in 

the DW training system in four different ways.  (1) A variation of the third scenario 

created for this research provides the current version’s tactical situation, entities and 
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information tailored as discrete events within the information domain.  The original 

research scenario was simply restructured to reflect current military organizations and 

capabilities rather than those likely to be found in 2020 with the FCS-equipped UA.  (2) 

The three critical information–centric actions that the projected leaner audience will use 

are structured as recommendations that the leaner in his role as BCT battle captain must 

convey to his commander.  These recommendations support the decision points used in 

the scenario’s tactical operations order and are based on satisfying the scenario 

commander’s information requirements.  (3) The perception thresholds that drive the 

information activities of the virtual battle staff and battle captain are based on the 

perception confidence intervals derived from the analysis of the data from the 24 expert 

tactical decision makers.  (4) These perception thresholds became the basis for the values 

used in the Assessment Engine, which in turn became the basis for the training 

performance feedback used in the training event AAR.  In Figure 23, the blue numbered 

circles represent the locations where a numeric value derived from the comprehension 

metric of the expert subjects is injected into the assessment process.  The battle captain is 

assessed specifically on his use of the tactical information that had been presented to him 

at the point in the scenario in which he made a tactical decision recommendation to his 

commander.  These numeric values relate the performance of the battle captain compared 

to the value generated by the expert tactical decision making subjects’ comprehension 

metric.  In essence, the application of the comprehension metric in this new military 

simulation appeared to be both feasible and practical. 

Having completed a short discussion on the use of the comprehension metric and 

methodology in an emerging training system, it is now time to demonstrate how the 
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metric and methodology could be applied in a virtual collaborative environment.  This is 

discussed in the next section. 
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Figure 23: The Digital Warrior Assessment Process 

 

Figure 24: The Digital Warrior Virtual Tactical Operations Center 
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6.3: Application in a Virtual Collaborative Environment 

Having reviewed the use of this metric in an emerging training simulation, the next 

action becomes to determine how one can use this metric used in two additional 

processes in the military domain.  The first process is during the initial design and 

development of the individual future force systems and operating concepts.  The second 

process is during the testing of these systems and concepts in the larger integrated family 

of systems and concepts.  [AR 5-11 2005, ATR 2003, Endsley 2003, Knight 2002, 

Norman 2002, Singleton 1974, Rasmussen 1993, Wickens 1998]  The comprehension 

metric has the potential to be used in both processes as part of a virtual collaborative 

environment.   

For this section of the research, a virtual collaborative environment is defined as a set 

of web-accessible, interoperable software tools and authoritative databases integrated 

with validated general and domain-specific models and simulations.  This definition is 

based on describing a collaborative environment as “an enduring collection of subject 

matter experts (SMEs) supported by interoperable tools and data bases, authoritative 

information sources, and product/process models that are focused on a common domain 

or set of problems.”  As an example, the Future Combat System (FCS) Advanced 

Collaborative Environment (ACE) is depicted in Figure 25. [Eirich 2002]  As one can see 

from the depiction of the ACE, a representative collaborative environment is composed 

of layers or levels of integrated tools and databases.  Two levels, the Integrated Data 

environment and the FCS Distributed Product Description, are composed of management 

tools and common product descriptions that contain the product standards and their 

related documentation. The FCS Army/Industry Resource Repository comprises the data 
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models and data repositories that most concern this research since they are the likely 

locations for storing the data for the comprehension metric.  The fourth level comprises 

the government- and lead system integrator (LSI)-led collaborative environment 

workspaces.  This is where the various team members design, develop and test the 

software replications of the FCS components and systems using the standardized entities, 

models and simulations.  One can also see that locations for human behavior models are 

not specifically mentioned in this depiction.  However, a data/model representation 

taxonomy referenced in the current proposed FCS Advanced Collaborative Environment 

(ACE) architecture identifies data storage locations for human physical and cognitive 

capabilities and interactions at a high level. [Eirich 2002]   

 

Figure 25: The FCS Advanced Collaborative Environment (ACE) 
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The “Two-sided Missions and Means Framework” depicted in Figure 26, [Deitz 

2004] provides a structured way to describe key elements of military operations that are 

essential to understand in order to successfully model and simulate those operations.  

“The framework provides the necessary structure to support a disciplined, repeatable 

procedure to explicitly specify the mission and assess mission accomplishment.” [Deitz 

2004]  This evolving framework is gaining acceptance within the U.S. Department of 

Defense as an accepted structure for organizing modeling and simulation data.  It 

includes either implied or explicit locations for including human data in its definition of 

“Level-3: Functions, Capabilities” with personnel standards, and its “Level-1: 

Interactions” with biological, psychological, and sociological interaction taxonomies. 

However, no explicit examples of human representations were included in recent 

publications or presentations using this framework. [Sheehan 2003, Sheehan 2004]  

Fitting the comprehension metric into this framework illustrates how the metric could be 

used in a virtual collaborative environment when applied to the FCS-equipped UA.  If 

one assumes that the data that comprise the comprehension metric were stored in the 

appropriate location within this framework, then it would be possible to use the metric to 

develop an overall reliability assessment for a proposed battle command system that 

integrates human decision making with an information-centric control system linked to a 

global information grid (GIG).  

At this point, it is useful to review the general definitions for reliability metrics.  A 

metric is defined first as a “quantitative measure of the degree to which a system, 

component, or process possesses a given attribute.” [IEEE 1999]   A metric is further 

defined as a quantitative interpretation “placed on particular observable measurements” 
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of the components of a system. [Bass 1998]  In basic engineering, reliability is the 

probability that an item or system performs successfully over a specific time interval.  

The IEEE Software Engineering Standards define reliability as the “factor of 

dependability that determines the longevity of product performance.” [Moore 1998]  

Building on this definition, reliability is defined when evaluating software architecture as 

“the ability of the system to keep operating over time… and is usually measured in mean 

time to failure.” [Clements 2001]  It is concerned with the probability that a system will 

not fail over some specified interval of time. [Clements 2001]  Furthermore, software 

reliability is also closely related to “availability”, which “measures the proportion of time 

the system is up and running.  It is measured by the length of time between failures as 

well as by how quickly the system is able to resume operation in the event of failure” or 

the mean time between failure (MTBF).  Architectural techniques to improve software 

availability include installing redundant components to take over in case of failure, 

constraining the level of coupling between components, and monitoring error or 

exception reporting and handling. [Bass 1998]  Based on these definitions, a human 

reliability metric is defined generally as the measurement of the likelihood that a human 

is able to perform an action to standard under specific conditions. [Luca 1989]  

Reliability is usually stated as a probability over a specified “lifetime” or a “time to 

failure” and is usually denoted as a continuous variable “T”.  Although there are many 

variants, reliability analysis is composed of four basic functions.  The first function is the 

reliability function, R(t), which is defined as the probability that the item or system has 

survived up to a specified time t.  This is expressed as:  

R(t) = P (T>t)             (3)  
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The second function is the unreliability function, Q(t), which is defined as the 

probability that the item or system will fail by a specified time t.  This is expressed as: 

Q(t) = P(T≤t)             (4) 
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Figure 26: The Mission and Means Framework 
 

The third term is the failure density function, f(t), which is defined as the change in 

the rate of failure over time.  This is expressed as: 

f(t) = d
dt

Q(t)             (5) 

The fourth term is the hazard rate function, λ(t), which is defined as the probability of 

failure in a specified time interval given that the item or system has not failed up to that 

specified time t.  This is expressed as:  

λ(t) = f(t) / R(t)            (6) 
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Of these four functions, the hazard rate function, λ(t), is most often used to depict 

graphically the likelihood of an item or system failing over time.  In general terms, the 

bathtub-shaped hazard function in Figure 27 depicts three stages in the life cycle of an 

item or system. [Ramakumar 1999]  This hazard function was a useful way to depict the 

overall reliability of the UA commander over time for a specific operational mission 

since it appears to characterize approximately a conceptual model of combat performance 

under stress proposed for further study. [Kern 1966]  Instead of a hazard function the 

function can be labeled as a comprehension function.  Although this is a simple depiction, 

it does provide a framework for further analysis and a possible method for depicting 

graphically the effects of sustained military operations on the UA commander.   

For example, in the initial “wear-in” stage of an operation, a hypothetical UA 

commander, although he may be well-trained in accomplishing his tasks, may be 

relatively inexperienced in conducting military operations in a new area and against a 

new enemy.  During this time, called the “wear-in” stage, he is prone to make mistakes as 

he learns how to effectively operate the BCS to control his subordinates while 

accomplishing his objectives.  The UA commander’s comprehension metric during this 

stage could be scaled at a higher percentage than the average value developed from this 

research, thereby implying that he requires more information to make a decision.  Once 

the UA commander masters the tasks needed to operate the BCS and control his 

organization in combat, he transitions to the next stage.   

In the “steady state” stage the UA commander performs at a steady state of success 

during which time his and his organization’s failures can be considered to be almost 
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random.  The commander’s comprehension metric during this stage would be the average 

value for comprehension derived using the data from the 24 expert tactical decision 

making subjects.  As military operations continue at a high tempo the UA commander 

and his organization begin to “wear out”.   

In the last “wear out” stage, tactical skills or expertise may remain at a high level but 

both the UA commander and his organization begin to become ineffective as casualties, 

equipment failures and human exhaustion begin to increase.  During this stage, the 

commander’s comprehension level would increase over time until his projected combat 

lifecycle was competed.   

The representative rates for increasing and decreasing the comprehension levels of 

the decision-making expert over the three stages were not developed during this research 

process.  Also, throughout this discussion on reliability the comprehension levels, scaled 

on the vertical axis in Figure 27, have not been indexed.  This is the location where the 

range of values for comprehension would be inserted for a specific human expert acting 

in a specific domain.  The time intervals on the horizontal axis have also not been scaled 

since they must also be calibrated to the specific use case. 

With this simple graphical depiction of the comprehension metric in mind, we now 

summarize that, in general, a human reliability metric for comprehension is the 

measurement of the amount of domain-specific information required by a human decision 

maker to reach a point when he is prepared to make a decision.  The next step is to 

demonstrate how this reliability metric for comprehension could be used in the FCS 

advanced collaborative work environment. 
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Figure 27: UA Commander’s Comprehension Function 
 

The processes for building both hardware and software are well-documented. [Barber 

2003b, Bass 1998, Beck 2001, Clements 2001, Humphrey 1995, Jeffries 2001]  Three of 

the likely process models that could be used in the design, development and testing of the 

FCS are:  (1) the Spiral Development model, (2) The Team Software Process (TSP) 

model, (3) the Extreme Programming (XP) model.  These process models have been 

summarized previously. [Stawasz 2001]  The critical step, with regards to the potential 

use of the comprehension metric in design and development, is the determination of the 

domain-based requirements and technical specifications for both the human operators and 

machine components of the overall system.  As mentioned previously in Chapter Two, 

the usual method of developing a human-machine control system is to build the 
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technology-based components first, and then leave the remaining requirements and 

system shortfalls for the human operator to complete.   

Incorporating the comprehension metric and methodology into the design phase could 

help reduce the implications of using the usual method of waiting until the end to 

incorporate the human’s capabilities.  Using the metric could give the designers a better 

appreciation for the likely capabilities of the human operator.  It could help identify the 

difference between the designers’ expected human performance when using information 

that was derived using the limitations of the technologies, and the likely human 

performance based on the comprehension metric.  This could then provide better clarity 

of expectations during the development phase for both the human operators and the 

machines.  For example, the communications profile for the FCS battle command system 

requires that a certain amount of data be sent from the fusion centers to the UA 

commander.  Based on the review of the literature, this profile is likely to be developed 

without regard to the actual information requirements of the UA Commander.  The UA 

commander may actually require less information, if one uses the range for 

comprehension from the result of this research process, or may require more information, 

if one created a new sample expert population from which to draw the value for the 

comprehension metric.  In essence, the use of the comprehension metric allows the 

human’s capabilities to be included in the design process rather than acting as a safety net 

for everything that machine technologies cannot provide for the overall system.  This 

helps to better align the potential capabilities of the overall human-machine system 

design with its specified system requirements.  This in turn, may reduce the impact of the 
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late cycle “churn” on the system design and development due to unforeseen changes in 

the technologies, specifications and basic system requirements. 

During the testing phase, the metric could help establish the specific domain-based 

standards used to validate the performance of the overall human-machine control system.  

This validation would simply determine whether or not the system met its domain-based 

requirements. [AR 5-11 2005]  For example, if during the test, a representative UA 

commander was required to complete a tactical operation in less time than it was possible 

for the human-machine system to process and present all of the required information 

needed to make decisions during this tactical operation, then the system could not meet 

its requirements.  The determination of how much information the decision maker needed 

to make a decision could be based on the expected comprehension levels of the sample 

expert population used in the test.  Later during system verification, the human-machine 

system would be tested to see if each machine component of the system met its technical 

specifications. [AR 5-11 2005]  Once this machine verification was completed, the values 

for the human decision maker’s capabilities could be added.  The overall system’s ability 

to meet the overall technical specifications for the system or family of systems could then 

be verified.   

In this chapter practical applications of the comprehension metric and methodology 

have been illustrated.  First, the application of the metric in a representation of a current 

military simulation was determined to be feasible, but not necessarily practical.  Second, 

the application of the metric in an emerging military simulation was found to be both 

feasible and practical.  This application is currently under development at The University 

of Texas at Austin.  Third, the application of the metric within a virtual collaborative 
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environment was found to be feasible, given the limited information available on how the 

proposed FCS-focused virtual work environment will actually work.  Within the 

constraints of the proposed FCS virtual environment, the comprehension metric and 

methodology were determined to be useful to create a human reliability metric for 

comprehension that could be used to assess the reliability of an overall integrated human-

machine information-centric control system.  At this point, the next chapter will 

summarize the research and findings described in this dissertation, draw relevant 

conclusions, and propose future research evolving from this effort. 
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7.  Conclusions 

This last chapter starts by summarizing the concepts used to answer the first three of 

four research questions used to guide this research process.  It then describes three 

conclusions drawn from this research.  Finally it expands upon these three conclusions to 

illustrate how the comprehension metric and methodology could be transferred to other 

domains, most specifically to domains that use safety-critical information systems.  This 

answers the final research question and completes the research process. 

7.1:  Summary 

This research process created the comprehension metric to help determine the 

likelihood that a human using an information-centric control system would make a 

decision.  The metric was composed of two components, called perception and expertise, 

which expanded upon the concept of a human as a serial information processor.  The 

perception component was indicative of the amount of information that the human 

acquires from the external environment.  The expertise component was indicative of the 

amount of information that the human acquires from his internal long-term memory.   

In light of the shortcomings of available models, simulations, and applicable battle 

command systems, four research questions were developed to structure this research and 

experiment.   

RQ1:  How can we define a metric for measuring the information requirements of 
a human decision maker using a future information-centric, human-machine 
control system? 

  
 RQ2:  How can we validate this metric within a specific domain?  
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RQ3:  How can we use this metric conceptually to train human operators to use 
the projected future battle command system and to build (design and develop), 
and test (validate and verify) the system itself?  

  
 RQ4: How can we transfer this metric for use in other domains? 

The answers to the first three of these four questions research were built upon 

previously developed ideas on cybernetic control, human expert decision making and 

situational awareness.  The comprehension metric was created using a model of the 

human decision maker as a serial information processor.  To make the research more 

tractable, a “use case” was developed from emerging U.S. Army doctrine for a future 

force organization circa 2020.  The human-centric focus for this use case was a Unit of 

Action (UA) commander, who was to control an organization of approximately 3,000 

soldiers, and over 1,000 manned and unmanned, aerial or terrestrial systems.  His role 

was to decide how to best mass the effects of his combat power at the decisive point in 

space and time.  The machine-centric focus for this use case was a military tactical 

control system integrated within a pervasive global information system.  This control 

system provided information to the UA commander so he could regulate his decision 

making processes, which in turn, caused other subordinate and peer organizations to 

initiate actions. 

Three tactical-level decision-making scenarios were created in the time domain for 

the military use case.  Scenario entities were developed conceptually as software objects 

that interact as finite state machines that represented military organizations and geospatial 

objects in the environment.  The scenario information data were then transformed from 

the time domain into the information domain using a simple time to information 

transformation.  Within the information domain, the scenario data were represented both 
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graphically and textually in discrete ten-percent increments via a depiction of a 

representative battle command system.   

These scenarios were used to collect data from 24 recognized expert human military 

tactical decision makers that were determined to represent the commanders of Units of 

Action in 2020.  Screening criteria were developed to sharply focus the data collection on 

recognized expert military tactical decision makers.  This allowed a model of the future 

human decision maker to be constructed.   

The collected expert data were then analyzed to determine the statistical validity of 

the model and comprehension metric through the testing of an experimental hypothesis.  

The hypothesis was supported that the defined group of expert military tactical decision 

makers used less than 80% of the available priority information to make decisions within 

their domain of expertise. For this experiment, with the variance known, a 95% 

confidence interval on the comprehension mean (μ) ranged from 0.565 ≤ μ ≤ 0.643. 

One example application was developed to illustrate how this metric could be used 

within the tactical military domain when using a representative military combat-based 

simulation.  Another example was developed using a virtual interactive training system 

called the Digital Warrior Project that was being developed by The University of Texas at 

Austin for the U.S. Army Battle Command Training Center at Fort Hood, Texas.  The use 

of this comprehension metric was then extended to illustrate how it could be used in the 

design, development and testing of the proposed future military battle command system 

in a virtual collaborative environment.  At this point, three conclusions can be drawn 

from this research process.  These conclusions are discussed in the next section. 
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7.2:  Conclusions 

Having summarized the research process, three conclusions can be drawn from this 

research.  These conclusions cover the gamut from modeling the comprehension of 

individual humans to designing new models and simulations focused on the use of 

information.  The three conclusions are:   

(1)  Using the idea of the human decision maker as a serial information processor allowed 

for the development of a comprehension metric based upon the multiplication of the 

numeric values for human perception and expertise.  These values were derived from 

analysis of the data collected during interviews with domain expert subjects.  The initial 

application of this metric was to incorporate it into a replication of the current simulations 

used to help train military leaders for combat.  The most promising application was in the 

development of a virtual training system for brigade-level battle captains.  This idea of a 

human as a serial information processor also allowed for comprehension to be considered 

as a reliability metric for human information processing which could be used in the 

design, development and testing of future human-machine control systems.  However, the 

interaction between human expertise and perception produced during this research was 

found to be a weak relationship statistically.  Therefore further research is needed to 

determine the strength of this relationship in order to better explain the internal 

relationships between the metric’s components. 

(2)  The expert tactical decision makers interviewed during this research used less 

information than that which could be provided potentially by current and forecasted 

versions of military tactical information-centric control systems during representative 

tactical operations in a complex environment.  This implied that proposed future battle 
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command systems at the tactical-level may not need to have such a tremendous capability 

to move massive amount of data from around the globe during military operations.  This 

conclusion is based on the simple idea that 100% of the scenario information was the 

hypothetical capability of a future battle command system.  The range of the numeric 

values for the 95% confidence interval of comprehension based on the interviews with 

the 24 expert tactical decision makers was from 56.5% to 64.3%.  However, this range is 

not necessarily indicative of all of the potential tactical missions that a UA commander 

could face in the complex operating environment of 2020.  Therefore further research is 

needed to model these complex operating environments to develop a more robust menu 

of tactical decision making scenarios for further development of the comprehension 

metric. 

(3)  Developing a representative example of current military simulations using control 

system theory implied that current military simulations do not use information processing 

and decision making as critical components.  The future military forces under 

consideration for use circa 2020 will rely heavily on information technologies to achieve 

full-spectrum dominance.  It appears that there is a critical need to develop models and 

simulations to test and validate emerging operational concepts and systems from an 

information-centric perspective if these future forces are to be successful.  It was possible 

to develop an information-centric, interactive virtual simulation using the concepts of 

comprehension and discrete information events.  This implied that future military 

simulations are capable potentially of incorporating information-centric events into larger 

and ever more complex models and simulations of the contemporary operational 

environment.  Therefore further research is needed to model these complex information 
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technologies and concepts.  In the next section, expanding upon these three conclusions 

leads to exploring the possible use of the comprehension metric and methodology in 

other safety-critical domains and implications for future research.  

7.3:  Implications for Future Research 

Once the conclusions concerning the use of the comprehension metric were 

developed within the original military domain, it became possible to project the metric 

and methodology to other potential uses outside of the military domain.  This section 

answers the fourth research question and helps set the stage for future research in using 

this comprehension metric and methodology.   

The results of this research process could assist in the analysis and training of expert 

decision makers using information-centric, human-machine control systems in other 

operating domains.  At first glance, there are two domains that appear immediately to be 

able to potentially use this metric and methodology due to their reliance on information-

centric control systems to complete operational events.  The first domain could be the 

broad area of “First-Responder” team leaders.  These team leaders could conceivably 

come from a wide variety of organizations ranging from local municipal fire departments, 

through county and state-level to specifically-designated federal emergency teams. 

[Barber 2003c, Hnatio 2001]  The second domain could be more specifically focused on 

safety-critical system operators and their supervisors such as from nuclear power-plant 

operations. [Hirschberg 2004, Humphreys 1988, O’Hara 2002, Redmill 1997, Swain 

1963]  
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Both of these domains use essentially the same four types of decisions over the course 

of a potential scenario that were first discussed in Chapter Three.  A Type One decision 

would represent the decision to start an operation using a specific operational course of 

action or approach much like the military decision making process. [FM 5-0 2005]  An 

example would be for a fire fighting team to respond to a fire.  The basic operational plan 

and procedures would already be in place and merely need a trigger to execute.  A Type 

Two decision would represent the decision to make a change in the current operational 

plan to another predetermined course of action based on analysis of the current situation.  

An example would be to shut down one nuclear reactor for scheduled maintenance ahead 

of time and to switch to another reactor.  A Type Three decision would represent the 

decision to start an operation based upon an unforeseen event.  An example would be the 

decision to flood a nuclear reactor due to a crack in the inner shield.  A Type Four 

decision would represent the decision to change an on-going operation based on an 

unforeseen development.  An example would be a fire-fighting team that responded to 

reports of a fire at an industrial plant, but upon arrival, were faced instead with a situation 

involving a toxic chemical explosion.   In each case, the specifics of the decision could be 

modeled against the likely information requirements needed to support the respective 

decision. 

Transferring the expertise scale developed for the military domain to a new domain is 

a relatively simple process. The initial values for the six levels of expertise could be 

restructured so they applied directly to the specific domain.  For example in the “first 

responder” domain the levels could be designated for a firefighter at the supervisor levels 

[Barber 2003c, Hnatio 2001]: 
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• No knowledge or experience     “0” 
• Declarative knowledge (general academic intelligence)  “1” 
• Declarative knowledge (fire academy intelligence)   “2” 
• Tacit Procedural knowledge (gained from self-assessed  

training events such as a biohazard rehearsal)  “3” 
• Tacit Procedural Knowledge (gained from externally- 

assessed training events such as a  
Federal Emergency Management Agency (FEMA) 
-supervised event)      “4” 

• Real-Life Experience (field experience at a contaminated site) “5” 
 

In the nuclear power plant supervisor’s domain these levels could be designated using 

information derived from a human-factors reliability assessment [Hirschberg 2004, 

Humphreys 1988, O’Hara 2002, Redmill 1997, Swain 1963, Wickens 2000]: 

• No knowledge or experience     “0” 
• Declarative knowledge (general academic intelligence)  “1” 
• Declarative knowledge (specialized degree in nuclear physics) “2” 
• Tacit Procedural knowledge (gained from self-assessed training  

events such as a nuclear power plant accident simulation) “3” 
• Tacit Procedural Knowledge (gained from externally- 

assessed training events such as a Nuclear  
Regulatory Commission (NRC) -supervised event)  “4” 

• Real-Life Experience (field experience at a contaminated 
 nuclear power plant)      “5” 

 
Once the domain’s specific expertise and perception requirements are determined, the 

key question is, how can this comprehension metric be applied from a technical 

perspective?  Initially, the concept would be to use the comprehension metric as a 

modifier to the organizational effectiveness values used in current models and 

simulations for the specific domain.  As an example, a version of the JCATS models and 

simulations has been configured for use with first-responder teams. [Shimamoto 2004, 

Tanner 2004]  Other comparable simulations are also used in the nuclear industry to 

replicate both, the actions leading to, and the effects resulting from, nuclear explosions 

within a variety of facilities. [Sinha 2005, Taylor 2001] 



118 

Eventually the comprehension metric and methodology could be applied to intelligent 

software agents or agent teams that would populate domain-specific simulations.  [Barber 

1997, Fullam 2003, IA/C3D 2004, O’Hare 2004]  This could require teams of these 

agents to interact as parts of the human decision-maker.  Specific software agents could 

be used to assess perception, while other agents calculated the representative human’s 

expertise based on data representing the human’s previous experiences.  Other agents 

could be used to create an estimate of comprehension based on the best information 

available to the decision maker.  Additional agents could be used to support human 

decision-making by aggregating the information from disparate sensor systems much like 

the proposed fusion centers.  Eventually, combinations of these agents could theoretically 

be implanted in the decision maker himself to merge man with his technology in order to 

capitalize on the best features of both man and his machines. [Kurzweil 1999]  However, 

this possibility is well beyond the expectations of this research. 
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Appendix A:  Expert Demographics 

This appendix discusses the demographic information for the 24 expert tactical 

decision making subjects.  The total subject population’s demographic data are depicted 

in Table 13.  The same data separated into the two groups of the active-duty officers and 

the retired officers are depicted in Table 14 and Table 15. 

Table 13: Subject Demographic Data 
Subject Demographic Data 

Survey Active/Retired Years SSC Branch Combat 
1 R 20 Incomplete Armor N 
2 R 32 Yes Armor Y 
3 A 30 Yes Aviation N 
4 R 20 Selected Infantry N 
5 A 20 Yes Armor Y 
6 R 30 Yes Armor Y 
7 A 26 Yes Infantry N 
8 A 23 Selected Engineer Y 
9 R 31 Yes Armor Y 

10 R 27 Yes Armor Y 
11 R 22 Incomplete Infantry N 
12 A 26 Yes Infantry N 
13 R 23 No Artillery Y 
14 R 28 Yes Armor Y 
16 R 33 Yes Infantry Y 
17 A 20 No Infantry Y 
18 R 28 Yes Artillery Y 
19 R 25 Yes Infantry Y 
20 R 27 Yes Armor Y 
21 R 31 Yes Armor Y 
22 A 19 Yes Infantry N 
23 R 21 No Engineer Y 
24 A 24 Yes Armor Y 

 

One of the findings of the research was that human variability cannot be assumed 

when dealing with discrete populations that have been filtered using screening criteria to 

develop representative populations.  At first, this may seem to contradict the use of 

random samples drawn from a larger population as a manner to develop the 
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representative population.  However, in this use case, the likely career profiles of 

successful military officers can be used to develop likely characteristics for use in 

developing the comprehension metric for the Unit of Action (UA) commander in 2020.  

[OPD 1998]   

In this research the three baseline screening criteria were three key duty positions that 

could conceivably lead to the selection of future officers as UA commanders.  The first of 

these three duty positions was an assignment as a battalion commander.  This is 

subordinate leadership position that directly makes the officer a likely candidate for 

selection for higher-level command positions.  The second and third positions were as a 

brigade-level operations officer (S3) or executive officer (XO).  These two positions are 

likely indicators for future selection as a battalion commander, as well as providing the 

officers with the experience in brigade-level operations that can be directly related to 

tactical decision making as a UA commander.  A review of the interviews contained in 

Appendix G, indicates that all 24 officers that were interviewed met one or more of these 

three screening criteria.  Twenty three officers were battalion commanders.  Eleven 

officers had been brigade S3 operations officers.  Seven officers had been brigade 

executive officers. 

As can be seen from Figure 28 and Figure 29, the demographics of these experts 

represent a cross-section of the current US Army officer corps serving as combat arms 

officers.  When compared to the results of a recent US Army command selection board 

process discussed in a Chapter Three, these experts reflect slightly more combat 

experience (66% versus 46%).  This is due to the use of retired officers to compensate for 

the inability to collect data from active duty officers with the currently high operational 
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tempo of activities in support of military operations.  However, as more active-duty 

officers return from deployments to Iraq and Afghanistan it is likely that this relationship 

will reverse. 
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Figure 28: Expert Demographic Profile Part 1 
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Figure 29: Expert Demographic Profile Part 2 
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To reduce potential concerns that the retired officer population did not accurately 

represent the comprehension level of the current active duty population, the demographic 

and comprehension data were then reanalyzed separately for each of these two groups.  

The analysis is summarized in Table 14 and depicted graphically in Figures 30-33.  The 

retired officers had an average of three more years of service at retirement than the active 

duty officers.  Slightly more of the active duty officers (75%) interviewed had attended a 

senior service college than the retired officers (68.75%).  More of the retired officers had 

been in combat (76%) versus the active duty officers (50%), but if the sample population 

of active duty officers was increased, it was likely that the difference between the two 

groups would decrease due to the current operational tempo of the active Army in Iraq 

and Afghanistan.  [Diem 2005]  The level of expertise was almost similar.  The major 

difference appeared to be in the lower level of perception for the active duty officers.  

The active duty officers in the sample population were over 10% faster in making a 

decision than the retired officers.  This suggests that a sample population of active duty 

officers might provide a better assessment of where the value of perception actually 

exists if this research is to continue on a larger scale.  An initial explanation for the 

difference between the two groups is that the retired officers have shifted their focus to 

non-military tasks and are not as current in the graphical depictions of combat situations 

as the active duty officers.  A more general explanation would be that tactical military 

decision making is a perishable skill that needs to be sustained. [FM 7-0 2002]  However, 

the determination of the rate of decay for this skill is outside the scope of this research 

process. 
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Table 14: Summary of Sample Population Differences 
Summary of Sample Population Differences 

Sample Population Active Duty Retired 
Years of Service 23.5 26.5 
Completed Senior Service College 75% 68.75 
Combat 50% 75% 
Mean Expertise 89.4% 86.9% 
Mean Perception 61.6% 72.8% 
Mean Comprehension 55.0% 63.1% 
Number 8 16 

 
Table 15: Active Duty Subject Demographic Data 

Active Duty Subject Demographic Data 
Survey Years SSC Branch Combat Expertise Perception Comprehension 

3 30 Yes Aviation N 0.80 0.57 0.45 
5 20 Yes Armor Y 1.00 0.63 0.63 
7 26 Yes Infantry N 0.78 0.73 0.57 
8 23 Selected Engineer Y 0.91 0.53 0.49 

12 12 Yes Infantry N 0.86 0.6 0.52 
22 19 Yes Infantry N 0.8 0.57 0.44 
17 20 No Infantry Y 1.00 0.57 0.57 
24 24 Yes Armor Y 1.00 0.73 0.73 

 
Table 16: Retired Subject Demographic Data 

Retired Subject Demographic Data 
Survey Years SSC Branch Combat Expertise Perception Comprehension 
1 20 Incomplete Armor N 0.78 0.70 0.55 
2 32 Yes Armor Y 0.93 0.77 0.71 
4 20 Selected Infantry N 0.78 0.73 0.57 
6 30 Yes Armor Y 0.87 0.67 0.58 
9 31 Yes Armor Y 0.93 0.63 0.59 
11 22 Incomplete Infantry N 0.8 0.87 0.69 
13 23 No Artillery Y 0.93 0.8 0.74 
14 28 Yes Armor Y 0.77 0.77 0.59 
15 26 Yes Armor N 0.78 0.70 0.55 
18 28 Yes Artillery Y 0.94 0.60 0.57 
19 25 Yes Infantry Y 0.88 0.67 0.59 
20 27 Yes Armor Y 0.93 0.67 0.62 
21 31 Yes Armor Y 0.93 0.73 0.68 
23 21 No Engineer Y 1.00 0.83 0.83 
10 27 Yes Armor Y 0.74 0.77 0.57 
16 33 Yes Infantry Y 0.92 0.73 0.67 
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Figure 30: Active Duty Expert Demographic Profile Part 1 
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Figure 31: Active Duty Expert Demographic Profile Part 2 
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Figure 32: Retired Expert Demographic Profile Part 1 
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Figure 33: Retired Expert Demographic Profile Part 2 
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Appendix B:  Summary of the Unit of Action in 2020 

This appendix provides background information on the proposed Unit of Action 

(UA), Future Combat System (FCS), and relevant military concepts forecasted for 2020.  

The doctrinal and operational concepts emerging for the UA in 2020 appears to be more 

of a transitional nature rather than a revolutionary concept as will be shown in this 

appendix.  This research used interviews from military officers that were more familiar 

with current operational concepts, or in the case of the older officers, those from the Cold 

War era.  Therefore, with this transitional nature in mind, these officers can still provide 

useful insights into the use of information by an expert in a future tactical decision 

making situation.  

The United States Army is undergoing a rapid evolution towards a new future force 

structure based on smaller, more deployable organizations equipped with state-of-the-art 

manned and unmanned platforms coupled with pervasive information management 

systems.  This future force will be part of a joint expeditionary force closely coupled with 

the other military services and acting in concert with other government agencies and 

multi-national forces in order to develop overwhelming military combat power.  This 

combat power will be generated by forces based primarily in the continental United 

States and capable of being projected to anywhere in the world in support of U.S. policy 

objectives.  [Army 2004; ATR 2003; FCS 2003; CGM 2004]  In order to better 

understand the organizational processes and structures that will be used in developing the 

research scenarios, the Army’s operations process, the anticipated changes in the 
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operational environment, and the echeloning of the Army’s future force into the unit of 

employment (UE) and unit of action (UA) structures will next be discussed. 

B.1: The Army Military Operations Process 

As part of these joint expeditionary forces, the Army’s future force must be able to 

accomplish its missions by rapidly adapting to unforeseen circumstances in worldwide 

environments framed in uncertainty and confusion. [Army]  “Although observers of 

warfare have often noted the confusions of battle, the ideology of military decision 

making emphasizes the imposition of order through organization and command and the 

importance of clarity, coherence and comprehensiveness.” [March 1994]  This ideology 

of military decision-making is, in essence, based upon a theoretical model of an Army 

operations process, with its related heuristics.  The U.S. Army developed this process 

model based on the experience gained in over two hundred years of conducting combat, 

stability and support operations throughout the world.  Building on the experience with 

its operations process, the basis for this rapid evolution towards an expeditionary future 

force is built on the merger between the “arts of decision making and leadership with the 

science of information management” that results in a battlefield command and control 

system. [BCC 2003]  The main component of the Army’s future force, called the Unit of 

Action (UA), is to be fielded with an initial operational capability scheduled circa 2012 to 

2015. [Strategy 2003]  Although much emphasis has been placed on the development of 

advanced technologies, such as the Future Combat System and a myriad of robotic 

platforms, “ultimately, the success of Army units depends on human factors that are 
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intangible — leadership, discipline, endurance, morale, cohesion, and courage.” [BCC 

2003]   

The Army’s operations process is depicted in Figure 34 [FM 6-0 2001].  One must 

keep in mind that this is the process for the conduct of only one operation.  At any instant 

in time, the commander and his staff can be planning one operation, preparing for another 

operation, and executing yet another operation.  The process is organized in three cyclical 

phases called Plan, Prepare and Execute.  Underlying each of these three distinct phases 

is the process of continual assessment called Assess.  Assessment allows the commander 

to determine the rate at which he is accomplishing his objectives and the resulting cost in 

men, materiel and time.   

The first phase of this process, Plan, establishes a commander’s conceptual basis for 

the operation and provides an estimate or forecast of the future.  Planning allows the 

commander to identify his critical information requirements, organize his subordinate 

forces, evaluate the impact of resource shortfalls and identify the decision points leading 

to potential deviations from the base plan, called branches, or follow-on actions, called 

sequels, after the objectives of the base plan have been accomplished.  The commander’s 

plan is the starting point for a specific military operation.  

The second phase, Prepare, includes the actions necessary to meet the preliminary 

requirements of the plan.  Preparation allows the organization to practice or rehearse the 

plan, conduct inspections to ensure soldiers and materiel meet minimal reliability and 

readiness requirements, conduct reconnaissance and data collection activities to reduce 
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the uncertainty of the situation, and complete initial movements to position forces to 

begin the operations.   

 

Figure 34:  The Army Operations Process  
 

The third phase, Execute, comprises all the actions from the actual start of the military 

operation through the transition to follow-on missions.  The Army’s senior leadership 

expects to conduct offensive operations as discussed previously.  This implies that 

commanders will take actions to retain the initiative, allowing them to set the tempo of 

operations, pick the locations in time and space for battles and engagements, and be able 

to exploit success until the military objectives of the operation are attained.  [FM 6-0 

2001]   

Taken in total, the Army’s future force bases its ability to accomplish its tasks, even 

in the face of uncertainty and confusion, on the skills of its soldiers and leaders using an 

institutionally accepted and experientially based operations process.  With this brief 

discussion of the operations process in mind, we will next discuss how this process fits 

into the anticipated operational environment of 2020. 
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B.2: The Battlefields of 2020 

The Army of 2020 will be designed, resourced, and trained to “dominate the highly 

complex land environment” by exercising “direct continuous, and comprehensive control 

over terrain, resources, and people”. [ATR 2003]   As proposed in the Army 

Transformation Roadmap, it will be structured and manned to meet the requirements of 

seven future joint force attributes.  First, the Army’s doctrinal concepts and force design 

will be fully integrated with other military services, government agencies, and America’s 

multi-national partners.  Second it will be an expeditionary force that can deploy and 

sustain itself anywhere on earth in order to accomplish its operational mission.  

(Although this sounds somewhat boastful, a short glance back to 1999 reveals that at that 

point in time, the US Army did not think it was capable of conducting sustained military 

operations in Central Asia.  Four years later, the US Army was conducting continuous 

military operations with large organizations in Afghanistan and Iraq. [Shinseki 2004])  

Third, the Army will be networked in a collaborative information network that fuses data 

to create information that with analysis becomes predictive intelligence, which in turn, 

allows for increased situational understanding.  This allows the joint force “to see first, 

understand first, act first, and finish decisively with revolutionary speed and knowledge 

superiority”. [ATR 2003]  Fourth, Army forces will be decentralized to allow for 

“simultaneous, distributed, and non-contiguous operations”. [ATR 2003]  Fifth, Army 

forces will be adaptable giving them the capability to rapidly “adapt to changing mission 

requirements without losing operational momentum”. [ATR 2003]  Sixth, Army forces 

will be decision superior relative to the enemy.  This allows soldiers to make better-

informed decisions, implement them faster and create an operational tempo to which an 
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enemy cannot react.  Lastly, Army forces will be lethal, capable of destroying an enemy 

in all conditions and environments.  Taken in total, these seven attributes establish the 

operational conditions in which the UA commander will complete his tasks. 

The impact of this operational environment is best portrayed by depicting the 

evolution of the Army’s operational concept from 1990 through 2015. In each discrete 

point in time, the two projected measurements to observe are the increased tempo of 

operations from months to days, and the increased area of operations for smaller forces.  

This increase in the area of responsibility for a given sized unit coupled with the decrease 

in time to accomplish the same level of tasks will put a tremendous burden on the UA 

commander and his soldiers, as well as on their equipment.  

As depicted in Figure 35 [ATR 2003], during Operation Desert Storm, the Army used 

the AirLand Battle doctrine developed to defeat massed Soviet combined arms armies in 

Central Europe.  Operations were planned to last for several months or even years, 

beginning with a long period of deployment needed to position the military forces and 

supplies.  The corps, each comprised of multiple divisions and large support units, were 

the ground organizations designated as the level that would fight battles.   A corps 

commander planned future operations up to 72 hours in advance, while a division 

commander planned operations up to 48 hours in advance.  The corps and division 

commanders both would usually employ their subordinate units in close proximity to 

each other so that they could generate the overwhelming combat power needed to destroy 

large enemy forces.  A typical corps of this era would have an offensive frontage of 

between 75 to 150 kilometers in width, with subordinate divisions having zones between 

30 to 50 kilometers in width. [FM100-5 1986]  A commander equivalent to the UA 
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commander would be but one part of division comprised of three similar maneuver 

brigades, along with other division-level supporting units.  The UA commander’s area of 

responsibility, called an area of operations (AO), would be approximately from 10 to 30 

kilometers in width at any one time and he would plan his operations on a day-by-day 

basis up to 24 hours in advance.  [FM 71-3, 1988] 

 

Figure 35:  Army Operational Concept 1990 

By 2003, as depicted in Figure 36 [ATR 2003], the Army doctrine had changed to 

Full Spectrum Operations.  Operations were now planned to last several weeks, or at 

most a few months, while still being able to accomplish the same types of objectives.  

Instead of the massed Soviet armies of the Cold War era, an enemy force would likely be 

smaller and less effective.  The corps was still the primary element that would fight 

battles, but it was now comprised of fewer divisions.  A corps commander still planned 
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future operations up to 72 hours in advance, while a division commander planned 

operations up to 48 hours in advance. 

A commander equivalent to the UA commander would still be but one part of a 

division, comprised of three similar maneuver brigades, along with other division-level 

supporting units.  The UA commander’s anticipated AO would be approximately 10 to 30 

kilometers in width and he would plan his operations on a day-by-day basis up to 24 

hours in advance.  [FM 71-3 1996]  This was essentially the Army of 1990, except with 

evolutionary improvements in combat vehicles and equipment, and an increased use of 

information technologies to help maintain a high-level of situational awareness, primarily 

at the Corps level.  The significant changes during Operation Iraqi Freedom compared to 

Operation Desert Storm were the increased operational tempo, the depth of the 

operational maneuver, and the increased dispersion of forces. [OIF1 2003, OIF2 2003, 

OIF3 2003]  This led to more non-linear and non-contiguous battles spread across a wider 

area as depicted hypothetically in Figure 37 [CMG 2004, FM 1-02 2004].  

By 2015, the Army projects that it will have fielded one FCS-equipped UA and have 

completed the modularization of most of its remaining combat organization as it 

transforms itself into the future force. [ATR 2003, FCS 2003, Mod2 2004, Mod3 2004]  

The corps- and division-level organizations of 2003 will have been converted into units 

of employment (UE).  These organizations will be discussed briefly in the next section.  

There are significant changes in the operational concept for this future force as depicted 

in Figure 38 [ATR 2003]. 
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Figure 36:  Army Operational Concept 2003 
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Figure 38:  Army Operational Concept 2015 
 

The first noticeable change is the length of the operational period; now planned in 

numbers of days and weeks instead of weeks and months.  The second change is the 

reduced number of forces available.  Instead of divisions and corps comprised of 

brigades, the Army forces are now brigade-sized UAs.  Next, instead of relatively 

compact battle formations operating in mutual support, vast distances separate the UA-

level organizations.  A typical UA commander will now have an AO with a radius of 60 

kilometers. [FCS 2003, Mod2 2004]  Taken in total, the Army is essentially requiring the 

UA commander to complete missions in a shorter period of time, implying an increased 

operational tempo, that were completed by corps- and division-level formations a little 

over a decade earlier.   
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The capability needed in this operational environment is based on restructuring of 

Army forces and integrating advanced information technologies and weapons systems 

that provide for a common operational picture from soldiers on the ground to the highest 

levels of command. The information backbone of this organization is the Global 

Information Grid (GIG) depicted in Figure 39 [ATR 2003].  Without this information 

management grid in place, Army commanders will be unable to maximize the capabilities 

of the Future Combat System family of systems and integrate their actions with other 

joint forces.  With this information grid in place, Army commanders can capitalize on the 

increased capabilities resulting from networked sensors, data fusion and analysis centers, 

battlefield command systems and weapon systems built into the organizational structures 

which are discussed in the next section. 

B.3: The Unit of Employment 

The Unit of Employment (UE) will be the higher headquarters for the UA.  The UE 

has a flexible structure with two distinct versions to meet different operational 

requirements.  The UEY is the proposed “Army theater-level headquarters that supports 

the regional combatant commander by combining most of the functions currently 

provided for by the corps and Army Service Component Commander.” [CGM 2004]  It is 

the Army’s operational-level headquarters in a theater of operations.  The UEY serves as 

the higher headquarters for the UEX, which in turn, is the direct higher headquarters for 

the UA. [CGM 2004]  One finds that the UEY combines the functions of the field army 

and corps at the operational level, while the UEX will apparently perform many of the 
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same roles currently conducted by divisions and corps at the tactical level.  This 

structural relationship is depicted in Figure 40. [Mod2 2004]   

 

Figure 39: The Global Information Grid (GIG)  

The UEX commander is responsible for planning and conducting battles and his 

headquarters serves as the Army’s principal war fighting organization.  He employs joint 

military forces to establish the conditions under which the UA commander plans and 

conducts his battles and engagements.  The organizational structure of the UEX reveals 

that it is comprised of multiple maneuver brigades that evolve into units of action starting 

in 2012, and five additional supporting brigade organizations to help the UEX commander 

shape the future battlefield.  [CGM 2004, Mod2 2004] This structure is depicted in Figure 

41. [Mod2 2004] From the perspective of this research, the commander of the UEX 

provides the input to the military control system representation discussed in previous 

chapters. 
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Figure 40: Unit of Employment and Levels of Command  

 

Figure 41: The Unit of Employment (UEx) Organization 
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B.4: The Unit of Action 

The UA is a modular organization based upon time-proven combined arms 

warfighting concepts and designed to fight and win in all types of terrain and weather.  It 

uses the continuing advances in information technologies to capitalize on integrated land, 

naval and aerospace “sensor to shooter” information links between pervasive sensors and 

extremely lethal weapons platforms.  It is optimized for fighting offensively in major 

combat operations, but can be adapted to complete stability, support and other types of 

military missions. [ATR 2003, O&O 2003]  The major subordinate organizations of the 

FCS-equipped UA are depicted in Figure 42 [O&O v3 2004].  The UA is projected to be 

resourced to operate from three days, at a medium or high operational intensity, to up to 

seven days at a low operational intensity.  If all the subordinate elements of the UA are 

conducting simultaneous operations this could imply a 72-hour long minimum planning 

cycle for UA tactical operations followed by a short re-supply segment.  If the UA 

commander operates his subordinate units in a sequential cycle with one unit planning for 

a mission, one unit preparing for a mission, and one unit executing a mission, then he can 

continue operations indefinitely. 

Recent decisions by the Army leadership, based on lessons-learned from Operation 

Iraqi Freedom, Operation Enduring Freedom, and from the Army aviation community, 

have resulted in the cancellation of the RAH-66 Comanche helicopter program and the 

decision to remove the aviation detachment from the UA structure and replace it with a 

reconnaissance, surveillance, target acquisition (RSTA) squadron.  The remaining 

aviation assets are to be consolidated in the UEX or UEY structures as needed [Schenk, 

Mod2].  The impact of these decisions on the projected capabilities of the UA has yet to 
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be determined.  However, the UA commander still commands and controls a formidable 

combat organization “optimized to develop the situation out of contact, throwing the 

enemy off balance by destroying his high payoff systems before forces are joined, and 

maneuver to a position of advantage.” [O&O 2003]    
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Figure 42: The Unit of Action (UA) Design 

  
The UA is composed of five types of subordinate organizations.  The Brigade 

Headquarters and Headquarters Company (HHC) coupled with the Brigade Intelligence 

and Communications Company (BIC) provide the UA commander with the military 

intelligence and communications components of his battlefield command system 

structure.  The three Combined Arms Battalions (CAB) close “with the enemy by means 

of combined arms fire and maneuver and tactical assault to destroy the enemy, repel his 
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assaults, or to seize terrain.” [O&O 2003]  The Non-Line of Sight (NLOS) Battalion 

“provides destructive, suppressive, protective, and special purpose fires and effects to 

enable the UA to conduct decisive operations.” [O&O 2003]  The forward Support 

Battalion (FSB) distributes supplies, performs field maintenance and recovery, and 

provides health services support to the UA. [O&O 2003] 

Focusing more closely on the first two organizations reveals that the UA commander 

forms three headquarters elements as the nodes of his battlefield command system.  There 

are two identical Mobile Command Groups (MCG) and one Tactical Command Post 

(TACP) as depicted in Figure 43. [O&O 2003] 

 

Mobile Command 
Group 1 (MCG1)
- UA Commander
- Staff Cell
- Security Team

Mobile Command 
Group 2 (MCG2)
- Deputy UA Commander
- Staff Cell
- Security Team

Tactical Command Post 
(TACP)
- Command Information Cell
- Information Superiority Cell
- Fire and Effects Cell
- Build and Sustain Combat Power Cell
- Maneuver and Support Cell

Unit of Action (UA) Headquarters Elements
- Execute battle command tasks
- Develop plans and orders
- Synchronize battlefield actions
- MCG1 + MCG2 provide 24 hour a day capability
- TACP provides 24 hours a day capability

MCG1

TACP

MCG2

Derived from [O&O]  

Figure 43: The UA Command Elements 
 

The UA operational concept of fighting is organized into the four ideas of “See First, 

Understand First, Act First, and Finish Decisively, previously mentioned.  The idea to 
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“See First” implies that the UA commander maintains “situational awareness” through 

the Common Operational Picture (COP).  The COP is “a single fused picture containing 

timely information tailored by echelon.  It includes information on terrain, weather, 

civilian, enemy, and friendly employment and helps the user draw implications 

collaboratively from this data.” [O&O 2003]  This allows the UA commander to detect, 

identify, and track enemy forces. 

The idea to “Understand First” implies that the UA commander uses the data 

depicted in the COP to identify patterns of enemy activities that he can use to formulate 

his own future actions.  Since the COP is available at all levels throughout the UA, this 

“creates an environment where not just the UA commander but small unit leaders will 

recognize tactical opportunities on the battlefield.” [O&O 2003]  In order to provide 

assurance that the data provided by the UA commander’s BCS is the best available at any 

discrete point in time, the information is filtered and rated for source accuracy and 

precision, trustworthiness, and timeliness.  In addition the system correlates data from 

multiple sensors and reports to avoid duplication in sensor and soldier reports that could 

result in errors in entity counting and tracking.  [O&O 2003] 

The idea to “Act First” implies that the UA commander sees and understands the 

situation to the degree that he is able to make a decision to take the initiative and act 

before the enemy does.  This is a key rationale for the investment in building the large-

scale, information-centric, human-machine control system called the BCS for use in this 

dynamic operating environment.  The result of acting first leads to the idea to “Finish 

Decisively”.  This implies that the UA commander has chosen his course of action wisely 

and quickly; and that his soldiers and systems are trained, resourced, positioned in space 
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and time, and ready to execute their tasks; thereby fulfilling the US Army’s purpose in 

“compelling our enemies to submit to our will.  Potential opponents must be convinced 

that we are able to break them physically and psychologically and that we are willing to 

bear the cost to do so.” [O&O 2003]  Once finished with his current mission, the UA 

commander transitions his forces to the start the next mission.  Taken as a whole these 

ideas imply that the family of systems that comprise the UA must enable the organization 

to operate in any environment against any type of threat.   

In order to manage the deluge of information provided by the multitude of sensors 

and knowledge centers via the GIG, the UA staff has been reorganized into 5 cells 

depicted in Figure 44. [BCC 2003]  The Command Integration Cell (CIC) integrates and 

synchronizes the activities of the other cells to provide the UA commander with the 

information needed for his decision-making and leadership tasks.  The Information 

Superiority Cell (IS) manages the COP and synchronizes knowledge-based warfare 

activities.  The Fire and Effects Cell (FE) coordinates the application of lethal and non-

lethal weapons and systems.  The Maneuver and Support Cell (MS) coordinates the 

current battles and plans for future operations.  The Build and Sustain Combat Power 

Cell (BSCP) coordinates for the sustainment or regeneration of combat power. [BCC 

2003]  The ultimate purpose of this staff reorganization is to provide the UA commander 

with the situational understanding he requires to accomplish his tasks.  The Future 

Combat System, with its embedded Battle Command System was designed to facilitate 

the needs of these staff cells. 
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Figure 44: The Future Force Staff Structure 

B.5: The Future Combat System 

The UA is to be equipped with manned and unmanned, aerial and ground machines 

collectively called the Future Combat System (FCS) family of systems. [FCS 2003, O&O 

2003, ATR 2003]  Early FCS systems concepts used a high proportion of robotic or 

unmanned sensors and weapon platforms as depicted in Figure 45. [FCS 2001]  More 

recent concepts portray the FCS as a family of 17 networked platforms, including the 

individual soldier with the Land Warrior system, that share many common components 

as depicted in Figure 46. [Berg 2003]  The currently projected UA has almost 700 

manned and 400 unmanned systems.  They are designed to work together to present the 

enemy with threats from a variety of different sensors and weapons that can detect and 

destroy targets beyond the enemy’s capability to reply.  Descriptions of the platforms and 

their operating parameters can be found in the Operational Requirements Document for 

the Future Combat Systems [FCS 2003]. 

MS BSCP 
CIC 

IS FE 
UA 

The Future Force Staff Structure 
[Derived from BCC] 

Command Integration Cell (CIC) 
Information Superiority Cell (IS) 
Maneuver & Support Cell (MS) 
Fire & Effects Cell (FE) 
Build & Sustain Combat Power  
       Cell (BSCP) 
UA Commander (UA) 
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Figure 45: An Initial FCS Concept  
 

In an abstract sense, the FCS systems and soldiers are the tools that the UA 

commander wields to accomplish his tasks.  What makes it difficult, for him to control 

his organization is that both the soldiers, and in a constrained sense the unmanned 

systems, are able to act independently to accomplish the UA commander’s intent. 
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Figure 46: The FCS Family of Systems 
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Appendix C:  Scenario One and Analysis 
 

This appendix provides information on Scenario One.  It is composed of two sections.  

The first section provides general instructions, background information specific to the 

first scenario, and the graphical situational information presented to the expert during the 

scenario.  The second section presents the results of the interactions with the 24 tactical 

decision making experts as a data table and an analysis of the relevant information used 

to develop the comprehension metric for this scenario. 

C.1: Scenario One Presentation 
 

This section consists of the background interview information provided to each 

subject to set the stage for data collection.  The nine figures (Figures 47-55) and Table 17 

provide scenario information and follow the general format used in the Military Decision 

Making Process. [FM 5-0 2005] 

General Instructions 
 

The purpose of this survey is to help determine the amount of information 
an Army “Future Force” expert would need to make a decision in the 
tactical domain.  Questions will be asked initially to develop your level of 
tactical experience.  During this survey on assessing expert tactical 
decision-making, you will be presented with three individual Future Force 
scenarios.  Each will contain a general situation, a friendly and enemy 
force structure, and various degrees of information on other actors and the 
environment that could be displayed via a Common Operational Picture 
(COP). Questions will be asked once you believe that you have sufficient 
information to make the requested tactical decision.  You are the 
commander of the 1st Unit of Action (UA1) in 2020. UA1 has been 
deployed to a theater of operations in order to destroy an external military 
threat to a friendly government and conduct stability operations to 
reestablish government control in a region of the country destabilized by 
terrorist activity. 
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Combat Effectiveness Ratings
Green 80-100%
Amber 65-79%
Red 50-64%
Black 0-49%

CAB3 NLOSCAB2CAB1
RSTA

Scenario #1 Background Information
This first scenario is a “normal changing” type decision event between 
two groups of forces.  There are no environmental influences or other 
actors involved. 

UA1 deployed to the theater of operations on 24 March 2020 and 
completed its 100 kilometer approach march to its area of operations  It 
is currently moving into attack positions approximately 50 kilometers 
from the current reported enemy location.  The UE commander cannot 
yet provide any additional combat support but all UA organic assets are 
100% operational.  [48]
Your UA is composed of the following combat forces:

Your enemy is composed of the following forces:

Expert Tactical Decision Making Data Collection (2)

 
 

Figure 47: Scenario One Background Information 
 

Scenario Information Requirements
Your Priority Intelligence Requirements (PIR) are:

1. Locate and assess losses to enemy artillery battalion.

2. Locate any enemy obstacles.

3. Assess when and where enemy tank battalion will attack.

4. Assess enemy combat effectiveness.

Your Friendly Force Information Requirements (FFIR) are:

1. Report friendly combat effectiveness every time a “color” changes.

2. Report obstacle breach locations.

3. Report CAB3 at Decision Point 1 (DP1).         [49]DP
1

Expert Tactical Decision Making Data Collection (3)

 
Figure 48: Scenario One Information Requirements 
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Mission: UA 1 attacks 260300ZMar2015 to destroy enemy forces vicinity OBJ1 
(CV1025) and OBJ2 (CV1228) to enable stability operations (SO).
Intent:
Purpose: Destroy enemy forces.
Method: CAB1 attacks OBJ1-1 from West; CAB2 attacks OBJ1-1 from south; 
NLOS attacks OBJ1-2, o/o attacks OBJ1-1, o/o attacks OBJ2; RSTA screens 
UA right flank; CAB3 follows to DP1, o/o attacks OBJ2 from northwest or 
southwest. 
Endstate: UA1 moves northwest and transitions to SO.

COA Sketch [50]
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Expert Tactical Decision Making Data Collection (4)

 
 

Figure 49: Scenario One Mission and COA Sketch 
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Your COP provides about 50% of information as UA1 begins to attack. 
Before the time CAB3 gets to DP1 you must decide whether 
CAB3 follows either CAB1 or CAB2.

Stop when you think you have sufficient information to make a decision!

RSTANLOS attacks INF 2

Expert Tactical Decision Making Data Collection (5)
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2
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Figure 50: Scenario One Situation at 50% Information Requirements 
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COP provides about 60% of information as UA1 attacks.
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Figure 51: Scenario One Situation at 60% Information Requirements 
 

COP provides about 70% of information as UA1 attacks.
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Figure 52: Scenario One Situation at 70% Information Requirements 



150 

 
 

COP provides about 80% of information as UA1 attacks.

OBJ1-1

OBJ1-2

OBJ2DP
1

CAB3

CAB1

CAB2

NLOS

OBJ2

INF 3 withdraws
INF 1 withdraws
Artillery attacks CAB2

RSTA attacks INF 3
NLOS attacks artillery 
CAB1 breaches minefield
CAB2 attacks INF 1
CAB3 nears DP1

Stop when you think you have sufficient information to make a decision!

RSTA

Expert Tactical Decision Making Data Collection (8)

1

3

4

2

 
 

Figure 53: Scenario One Situation at 80% Information Requirements 
 
 

COP provides about 90% of information as UA1 attacks.
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Figure 54: Scenario One Situation at 90% Information Requirements  
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COP provides about 100% of information with CAB3 at DP1
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 Figure 55: Scenario One Situation at 100% Information Requirements 
 

Table 17: Scenario One UA Commander’s Information Availability 
Scenario One UA Commander’s Information Availability 

 50% 60% 70% 80% 90% 100% 
CAB 1 LAC LA C - L AC 
CAB 2 LAC LA C C LC A 
CAB 3 LAC - A L - - 
RSTA LAC L - - A - 
NLOS LAC - L C - C 
Decision Point 1 L - - - - - 
Axes of Advance (2) - - - - - 
Infantry 1 LAC - C LC L L 
Infantry 2 LAC - - - - - 
Infantry 3 LA C - - - - 
Tank LAC - A L L LAC 
Artillery LAC - A C C C 
Obstacle 1 LC - - C - - 
Obstacle 2 LC - - - - - 
Obstacle 3 L C C -  - 
Obstacle 4 LC - - - - - 
Total per % 39 7 8 8 7 9 
Running Total 39 46 54 62 69 78 
L: Location Information (Change in location) 
A: Activity Information (Change in tactical task) 
C: Combat Effectiveness Information (Change in combat power) 
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C.2: Scenario One Analysis 
 

This section provides the composite data table and analysis of Scenario One. The data 

collected from the first scenario are depicted in Table 18.  Analysis of the data revealed 

that most experts clearly chose one course of action (COA) over the other COA at an 

almost two to one ratio (62.5% to 37.5%).  This is depicted in Figure 55.  However, the 

rationale for choosing that COA over the other was less readily apparent from the data 

collected.  There were three information entities that provided almost equally the 

rationale for the COA selected.  Theses three entities were the enemy tank battalion 

(29.2%), the disposition of units within the area of operations (29.2%), and the combat 

effectiveness (CE) of the units (25.0%).  Lastly, the experts provided two clear key 

information items that would have allowed them to make their decision earlier in the 

scenario.  These two items were the combat effectiveness (CE) of the scenario units 

(41.7%), followed by information on the enemy tank battalion (29.2%).  Since this 

scenario was constructed in the information domain, it means that they would have used 

less information to make their decision if this key information had been provided ahead 

in sequence of the other information presented. 
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Table 18: Scenario One Data 
Scenario One Data 

Survey Friend Enemy E P C COA Why Key 
1 0.80 0.80 0.80 0.70 0.56 North Tank Tank 
2 1.00 1.00 1.00 0.70 0.70 North Tank Tank 
3 0.80 0.80 0.80 0.50 0.40 North Tank Disposition 
4 0.80 0.80 0.80 0.70 0.56 North Artillery Strength 
5 1.00 1.00 1.00 0.50 0.50 North Artillery None 
6 1.00 1.00 1.00 0.70 0.70 South CE RSTA 
7 0.80 0.80 0.80 0.60 0.48 North Disposition None 
8 0.80 1.00 0.90 0.60 0.54 South Disposition CE 
9 1.00 1.00 1.00 0.70 0.70 South Disposition Tank 

10 0.80 0.80 0.80 0.80 0.64 South Disposition Tank 
11 0.80 0.80 0.80 0.80 0.64 South CE CE 
12 0.80 0.80 0.80 0.70 0.56 North CE CE 
13 1.00 1.00 1.00 0.80 0.80 North Tank CE 
14 0.80 0.80 0.80 0.80 0.64 North CE CE 
15 0.80 0.80 0.80 0.70 0.56 South Initiative CE 
16 1.00 1.00 1.00 0.60 0.60 North Disposition None 
17 1.00 1.00 1.00 0.70 0.70 North Tank CE 
18 1.00 1.00 1.00 0.70 0.70 North CE CE 
19 1.00 1.00 1.00 0.70 0.70 North Tank Tank 
20 1.00 1.00 1.00 0.70 0.70 South Artillery Tank 
21 1.00 1.00 1.00 0.70 0.70 South Disposition Disposition 
22 0.80 0.80 0.8.0 0.60 0.48 North Disposition CE 
23 1.00 1.00 1.00 0.80 0.80 North Tank CE 
24 1.00 1.00 1.00 0.70 0.70 South CE Tank 
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Figure 56: Relevant Scenario One Answers 
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Appendix D:  Scenario Two and Analysis  
 

This appendix provides information on Scenario Two.  It is composed of two 

sections.  The first section provides general instructions, background information specific 

to the scenario, and the graphical situational information presented to the expert during 

the scenario.  The second section presents the results of the interactions with the 24 

tactical decision making experts as a data table and an analysis of the relevant 

information used to develop the comprehension metric for this scenario. 

D.1: Scenario Two Presentation 
 

This section consists of the background interview information provided to each 

subject to set the stage for data collection.  The eleven figures (Figures 57-68) and Table 

19 provide scenario information and follow the general format used in the Military 

Decision Making Process. [FM 5-0 2005] 

General Instructions 
 
The purpose of this survey is to help determine the amount of information 
an Army “Future Force” expert would need to make a decision in the 
tactical domain.  Questions will be asked initially to develop your level of 
tactical experience.  During this survey on assessing expert tactical 
decision-making, you will be presented with three individual Future Force 
scenarios.  Each will contain a general situation, a friendly and enemy 
force structure, and various degrees of information on other actors and the 
environment that could be displayed via a Common Operational Picture 
(COP). Questions will be asked once you believe that you have sufficient 
information to make the requested tactical decision. You are the 
commander of the 1st Unit of Action (UA1) in 2020. UA1 has been 
deployed to a theater of operations in order to destroy an external military 
threat to a friendly government and conduct stability operations to 
reestablish government control in a region of the country destabilized by 
terrorist activity. 
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Combat Effectiveness Ratings
Green 80-100%
Amber 65-79%
Red 50-64%
Black 0-49%

Scenario #2 Background Information
This scenario adds environmental influences to the commander’s 
decision event. There are no other actors. 

UA1 defeated the enemy forces and is now moving into attack 
positions approximately 15 kilometers from the current reported enemy 
location after completing an approach march of 40 kilometers.  The 
UEx commander provided one reinforcing artillery unit (rocket) and will 
provide one attack helicopter battalion under your operational control 
(OPCON) for one battalion-level attack. 2 US Air Force precision 
strikes are available.  Your UA is composed of the following combat 
forces:

Expert Tactical Decision Making Data Collection

NLOSCAB3CAB2CAB1
RSTA ATK

The decision is to commit the reserve CAB at 
DP 2 and seize either OBJ 1 (north) or OBJ 4 
(south).

 
 

Figure 57: Scenario Two Background Information 
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Figure 58: Scenario Two Terrain Assessment 
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Enemy Situation
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The enemy defends approaches to five bridges to allow counterattacking forces to cross the river from east to 
west.  One infantry battalion protects the northern bridge (1) by defending the factory complex.  The second 
infantry battalion protects the two center bridges (2, 3) by defending vicinity OBJ 2.  The third infantry battalion 
protects the two southern bridges (4, 5) by defending vicinity OBJ 4.  The enemy is likely to maintain close 
contact with our leading forces in order to reduce the effects of our supporting fires.  The tank battalion in 
reserve will likely move across the bridges to counterattack once our main effort has been identified.  The two 
artillery battalions will likely fire in close support of the infantry, then switch to support the tank battalion’s 
counterattack.  The enemy is unlikely to be able to conduct precision strikes due to our information operations.
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Figure 59: Scenario Two Enemy Situation 
 

AA 1A

AA 1B

Mission: UA 1 attacks 260200Mar2020 to prevent enemy east-west movement across the 
river vicinity OBJ BRAVO and to destroy enemy forces within AO in order to enable stability 
operations (SO).
Intent:
Purpose: Prevent enemy forces from crossing river into AO. Destroy enemy forces west of 
river to enable stability operations.
Method: CAB1 main attack to seize OBJ2; CAB2 supporting attack to seize OBJ3; RSTA 
screen forward, o/o screen north flank; CAB3 reserve, follow CAB2 to DP2, o/o main attack to 
seize either OBJ1 or OBJ4 ; ATK o/o destroy armor battalion vicinity EA ALPHA; Fires priority 
to CAB1, o/o counterfire, o/o ATK. 
Endstate: UA1 prevents enemy from crossing river into AO and conducts SO.
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Figure 60: Scenario Two Mission and COA Sketch 
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Scenario 2 Information Requirements
Your Priority Intelligence Requirements (PIR) are:

1. Locate and assess losses to enemy artillery battalions.

2. Locate any enemy obstacles.

3. Assess when and where enemy tank battalion will attack.

4. Assess enemy combat effectiveness.

Your Friendly Force Information Requirements (FFIR) are:

1. Report friendly combat effectiveness every time a “color” changes.

2. Report obstacle breach locations.

3. Report ATK Bn at Check Point 1 (CP1). 

4. Report CAB 3 at Decision Point 2 (DP2).      

Expert Tactical Decision Making Data Collection
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Figure 61: Scenario Two Information Requirements 
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Figure 62: Scenario Two Situation at 50% Information Requirements 
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Situation with 60% of Information
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Figure 63: Scenario Two Situation at 60% Information Requirements 
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RSTA screens to river.  CAB 1 attacks east of factory complex.  CAB 2 attacks enemy at OBJ 2.  CAB 3 moving 
east.  Rockets displace forward. NLOS counterfires. ATK in forward holding area.
Infantry defends against CAB 1 then retreats east towards OBJ 1. Infantry engages CAB 2 with direct and indirect 
fires.  Infantry battalion moving west from OBJ 4.  Tank Battalion moving along road net to south.  First artillery 
battalion moving.  Second artillery battalion fires on CAB 2.
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Figure 64: Scenario Two Situation at 70% Information Requirements 
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Situation with 80% of Information
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RSTA screens to river.  CAB 1 attacks east of factory complex.  CAB 2 attack enemy at OBJ 2. CAB 3 at DP 2.  
Rockets attack tank battalion on bridge.  Second USAF precision strike on infantry in EA Alpha.  NLOS 
repositioning. ATK moving forward to CP 1.
Infantry defends against CAB 1 vicinity OBJ 1. Infantry defends against CAB 2 vicinity OBJ 2.  Infantry battalion 
vicinity OBJ 4 moving west.  Lead elements of Tank Battalion crossing bridge 4.  Artillery battalions displacing.
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Figure 65: Scenario Two Situation at 80% Information Requirements 
 

Situation with 90% of Information
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RSTA recons across river.  CAB 1 attacks east of factory complex.  CAB 2 attack enemy at OBJ 2. CAB 3 at DP 
2.  Rockets attack tanks on Bridge 4.  NLOS attacks infantry in EA Alpha. ATK observing Engagement Area (EA) 
Alpha.
Infantry defends against CAB 1 vicinity OBJ 1. Infantry defends against CAB 2 vicinity OBJ 2.  Infantry battalion 
vicinity OBJ 4 moving west.  Main elements of Tank Battalion crossing bridge 4.  Artillery battalions preparing to 
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Figure 66: Scenario Two Situation at 90% Information Requirements  
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Situation with 100% of Information
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Stop when you think you have sufficient information to make a decision!
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CAB2 EA ALPHA
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Indicates combat engagement

N
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AA 1A

RSTA screens to river.  CAB 1 defends east of factory complex.  CAB 2 defends against enemy at OBJ 2.  100% 
of CAB 3 at DP 2.  Rocket attacks tanks at EA Alpha.  NLOS attacks infantry south of CAB 2. ATK attacks tank 
battalion in EA Alpha.
Infantry defending vicinity OBJ 1.  Two Infantry Battalions attack CAB 2 from northeast and southeast.  Main 
elements of Tank Battalion moving in EA Alpha.  Artillery battalions attack CAB 2.
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 Figure 67: Scenario Two Situation at 100% Information Requirements 

 

D.2: Scenario Two Analysis 
 

This section provides the composite data table and analysis of Scenario Two. The 

data collected from the second scenario are depicted in Table 20.  Analysis of the data 

revealed that most experts clearly chose one course of action (COA) over the other COA 

at over a two to one ratio (70.8% to 29.1%).  This is depicted in Figure 68.  However, the 

rationale for choosing that COA over the other was less readily apparent from the data 

collected.  There were two information entities that provided the primary rationale for the 

COA selected.  Theses two entities were the enemy tank battalion (50.0%), the 

disposition of units (37.5%).  Lastly, the experts provided one clear key information item 

that would have allowed them to make their decision earlier in the scenario.  This was 

information on the enemy tank battalion (58.3%).  Since this scenario was constructed in 

the information domain, it means that they would have used less information to make 
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their decision if this key information was provided ahead in sequence of the other 

information presented. 
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Figure 68: Relevant Scenario Two Answers 
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Table 19: Scenario Two UA Commander’s Information Availability 
Scenario Two UA Commander’s Information Availability 

 50% 60% 70% 80% 90% 100% 
CAB 1 LAC LA LC A LA LC 
CAB 2 LAC L LA - C C 
CAB 3 LAC L L LA LA - 
RSTA LAC L L C LA L 
NLOS LAC L A LA A C 
Rocket Battalion LAC LA LA A AC - 
Attack Battalion LAC - L A LA LA 
Check Point 1 L - - - - - 
CAS 1 LAC - - - - - 
CAS 2 LAC - - LAC  - - 
Decision Point 2 L - - - - - 
Axes of Advance 4 - - - - - 
Infantry 1 LA AC C LC - LC 
Infantry 2 LA C A C - AC 
Infantry 3 LA C LA L LC LAC 
Tank LA AC LA L LC LC 
Artillery 1 LAC AC LAC L LA A 
Artillery 2 LA AC A LAC - A 
Terrain types (4) - - - - - 
Light Data Night      
Illumination  No moon      
Cloud Cover None - - - - - 
Precipitation None - - - - - 
Visibility Good - - - - - 
Temperature 75F - - - - - 
Wind None       
CBRNE None (5) - - - - - 
Bridge 1 LC - - - - - 
Bridge 2 LC - - - - - 
Bridge 3 LC - - - - - 
Bridge 4 LC - - - - - 
Bridge 5 LC - - - - - 
Factory LC - - - - - 
Power Station LC - - - - - 
Reservoir LC - - - - - 
Palace LC      
Rail Yard LC      
Intersection 1 LC - - - - - 
Intersection 2 LC - - - - - 
Intersection 3 LC - - - - - 
Intersection 4 LC - - - - - 
Intersection 5 LC - - - - - 
Intersection 6 LC - - - - - 
Total per % 94 18 20 20 18 18 
Running Total 94 112 132 152 170 188 
L: Location Information (Change in location)  A: Activity Information (Change in task) 
C: Combat Effectiveness Information (Change in combat power) 
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Table 20: Scenario Two Data 
Scenario Two Data 

Survey Friend Enemy Env. E P C COA Why Key 
1 0.80 0.80 0.80 0.80 0.70 0.56 North Tank Tank 
2 1.00 1.00 0.80 0.93 0.80 0.74 South Tank Artillery 
3 0.80 0.80 0.80 0.80 0.60 0.48 South Disposition Tank 
4 0.80 0.80 0.80 0.80 0.70 0.56 South Tank Tank 
5 1.00 1.00 1.00 1.00 0.70 0.70 South Tank Bridges 
6 1.00 1.00 0.60 0.87 0.60 0.52 South Tank Tank 
7 0.80 0.80 0.80 0.80 0.80 0.64 South Tank Tank 
8 0.80 0.80 1.00 0.87 0.50 0.44 North Disposition Disposition 
9 1.00 1.00 0.80 0.93 0.60 0.56 South Tank Tank 

10 0.80 0.80 0.60 0.73 0.80 0.58 South Tank Tank 
11 0.80 0.80 0.80 0.80 1.00 0.80 South CE CE 
12 0.80 0.80 1.00 0.87 0.50 0.44 North Disposition None 
13 1.00 1.00 0.80 0.93 0.80 0.74 South Tank Tank 
14 0.80 0.80 0.80 0.80 0.80 0.64 South Tank Tank 
15 0.80 0.80 0.80 0.80 0.70 0.56 North Tank Tank 
16 1.00 1.00 0.60 0.87 0.80 0.70 South Disposition Tank 
17 1.00 1.00 1.00 1.00 0.50 0.50 South Disposition None 
18 1.00 1.00 0.80 0.93 0.50 0.47 North Artillery None 
19 1.00 1.00 0.80 0.93 0.60 0.56 South Disposition Disposition 
20 1.00 1.00 0.80 0.93 0.60 0.56 North Tank Tank 
21 1.00 1.00 0.80 0.93 0.80 0.74 South Disposition Tank 
22 0.80 0.80 0.80 0.80 0.60 0.48 North Disposition Terrain 
23 1.00 1.00 1.00 1.00 0.90 0.90 South CE CE 
24 1.00 1.00 1.00 1.00 0.80 0.80 South Disposition Tank 
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Appendix E:  Scenario Three and Analysis 
 

This appendix provides information on Scenario Three.  It is composed of two 

sections.  The first section provides the general instructions used for the three scenarios, 

background information specific to the third scenario, and the graphical situational 

information presented to the expert during the third scenario.  The second section 

presents the results of the interactions with the 24 tactical decision making experts as a 

data table and an analysis of the relevant information used to develop the comprehension 

metric for this third scenario. 

E.1: Scenario Three Presentation 
 

This section consists of the background interview information provided to each 

subject to set the stage for data collection.  The twelve figures (Figures 69-80) and two 

tables (Table 21 and Table 22) provide scenario information and follow the general 

format used in the Military Decision Making Process. [FM 5-0 2005] 

General Instructions 

The purpose of this survey is to help determine the amount of information 
an Army “Future Force” expert would need to make a decision in the 
tactical domain.  Questions will be asked initially to develop your level of 
tactical experience.  During this survey on assessing expert tactical 
decision-making, you will be presented with three individual Future Force 
scenarios.  Each will contain a general situation, a friendly and enemy 
force structure, and various degrees of information on other actors and the 
environment that could be displayed via a Common Operational Picture 
(COP). Questions will be asked once you believe that you have sufficient 
information to make the requested tactical decision.  You are the 
commander of the 1st Unit of Action (UA1) in 2020. UA1 has been 
deployed to a theater of operations in order to destroy an external military 
threat to a friendly government and conduct stability operations to 
reestablish government control in a region of the country destabilized by 
terrorist activity. 
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Combat Effectiveness Ratings
Green 80-100%
Amber 65-79%
Red 50-64%
Black 0-49%

Scenario #3 Background Information
This scenario adds non-governmental groups to the commander’s 
decision event.  There are constraining rules of engagement (ROE). 

UA1 is now moving into attack positions approximately 15 kilometers 
from the current reported enemy location after completing an approach 
march of 40 kilometers.  The UEx commander provided one (1) 
reinforcing artillery battalion (rocket), one (1) attack helicopter battalion 
OPCON for one battalion-level attack equivalent, and one (1) UH-60 
Medium Lift battalion to conduct two simultaneous light infantry
company-sized air assaults. Two (2) US Air Force precision strikes are 
available controlled by UEx SOF teams. UA1 is composed of the 
following combat forces:

Expert Tactical Decision Making Data Collection

CAB 3 reinforced by UEx commander with two 
(2) light infantry companies.  The decision is 
where to commit the reserve CAB when it is at 
DP 3.

NLOSCAB3CAB2CAB1
RSTA ATK

 
Figure 69: Scenario Three Background Information 
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Figure 70: Scenario Three Terrain Assessment 
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Enemy Situation
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AA 1A

AA 1B

EA ALPHA
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3AA 2A

Enemy defends approaches to 5 bridges allowing counterattack forces to cross river from east to west.  One 
infantry battalion protects northern bridge (1) and defends factory complex.  Second infantry battalion protects 
two center bridges (2, 3) by defending OBJ2.  Third infantry battalion protects two southern bridges (4, 5) by 
defending OBJ4.  Enemy is likely to maintain close contact with our forces to reduce our supporting fires.  Tank 
battalion in reserve likely to cross bridges to counterattack once our main effort is identified.  Two artillery 
battalions likely to fire in close support of the infantry, then switch to support counterattack.  Enemy is unlikely to 
be able to conduct precision strikes due to our information operations.  Enemy uses point air defenses with 
automatic weapons and shoulder-fired missiles; no integrated radars.  Local groups use telephones for alerts.

CKP 1

 
 

Figure 71: Scenario Three Enemy Situation 
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Suspect groups (1,2) are likely to provide information to the enemy on our combat forces 
and attack logistical assets and command posts.  Neutral groups (3-6) openly declare 
themselves as “not involved” in hostilities. Enemy artillery and reserve forces are likely to 
use these groups as “cover” to discourage UA attacks or to force them to support enemy 
defense after UA attacks cause casualties.  Unknown groups (7-14) are currently 
uncommitted to either side, but we expect the enemy to use them to conceal observers 
and staging areas for attacks on the UA’s supporting elements.  None of these groups can 
be engaged by UA forces except in self-defense.   ROE:  Use of indirect fires must be 
approved by CAB commanders.  There are no Restrictive (RFA) or No (NFA) Fire Areas.
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Figure 72: Scenario Three “Other Groups” Situation 
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AA 1A AA 1B

Mission: UA1 attacks 280200ZMar2020 to prevent enemy east-west movement across the 
river vicinity OBJ BRAVO and to destroy enemy forces within AO in order to enable stability 
operations (SO).
Purpose: Destroy enemy forces west of river and prevent enemy forces from crossing into AO. 
Method: CAB1 main attack to seize OBJ2.  CAB2 supporting attack to seize OBJ3.  RSTA 
screen forward, o/o screen north flank, o/o recon east of river.  CAB3 reserve-follow CAB2 to 
DP3, o/o main attack to seize either OBJ1 or OBJ4 with air assaults and ground attack.  ATK 
o/o destroy tank battalion.  Fires priority to CAB1, o/o counterfire, o/o ATK, o/o CAB 3. 
Endstate: UA1 prevents enemy from crossing river into AO and conducts SO.
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Figure 73: Scenario Three Mission and COA Sketch 
 

Scenario 3 Information Requirements
Your Priority Intelligence Requirements (PIR) are:

1. Locate and assess losses to enemy artillery battalions.

2. Locate any enemy obstacles in axes of advance.

3. Assess when and where enemy tank battalion will attack.

4. Assess enemy combat effectiveness.

5. Assess affiliation and status of “Other groups”.

Your Friendly Force Information Requirements (FFIR) are:

1. Report friendly combat effectiveness every time a “color” changes.

2. Report ATK Bn at Check Point 1 (CP1).

3. Report readiness condition and status of air assault companies.

4. Report CAB 3 at Decision Point 3 (DP3).      

Expert Tactical Decision Making Data Collection

ATK

?

CAB3
3

CKP 1

?

1 LT

2 LT

 
Figure 74: Scenario Three Information Requirements 
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Situation with 50% Information
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•No moonlight 
•No cloud cover
•No precipitation
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•Temperature 75 F
•No wind
•No CBRNE

Indicates combat engagement

RSTA

NLOS CAB2

Stop when you think you have sufficient information to make a decision!

RSTA fired upon by SG1, returned fire, handed off targets to CAB1; screens UA north flank.  CAB1 attacked SG1; 
one company secures AA1A south to canal but sniping continues; CAB1 (-) continued movement to contact east.  
CAB2 continues movement to contact east; one company secures north flank, no enemy contact.  Rockets follow 
CAB1.  NLOS follows CAB2.  CAB3 follows NLOS.  ATK and CAB3’s air assault units in assembly areas to west.  
First USAF precision strike for UA controlled by UEx SOF team on Artillery vicinity NG3. 
Infantry battalions located defending factory complex and vicinity OBJ 2 and OBJ 4.  Tank battalion located in 
dispersed locations vicinity NG4.  Two artillery battalions located in firing positions vicinity NG3 and UG7.  SG1 
fired on CAB1 then withdrew south of canal.
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Figure 75: Scenario Three Situation at 50% Information Requirements 
 

Situation with 60% Information
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RSTA screens forward to highway.  CAB1 attacked from vicinity factory complex and by indirect fires; SG1 attacks 
company from south of canal.  CAB2 attacked by SG2; one company secures north flank with no enemy contact.  
Rockets counterfire under SOF team’s control on Artillery.  NLOS set to support CAB1’s attack on factory 
complex.  CAB3 follows NLOS.  ATK moves to forward holding area. CAB3’s air assault units in assembly areas 
to west.  
Infantry battalion defends factory complex.  Tank battalion assembles for move.  Artillery battalion fires on CAB1. 
SG1 fires on CAB1 company north of canal.  SG2 fires on CAB2.
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Figure 76: Scenario Three Situation at 60% Information Requirements 
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Situation with 70% Information
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RSTA recons forward to river.  CAB1 attacks factory complex.  CAB2 attacks enemy in OBJ2.  Rockets move.  
NLOS supports CAB1’s attack on factory complex.  CAB3 relieves CAB2 company and continues to move east.  
ATK moves over secure areas to forward positions.  CAB3’s air assault units at readiness condition (REDCON) 2 
in assembly areas to west.  
Infantry battalions defend factory complex and OBJ2.  Tank battalion moving west; likely to use bridges 1, 2. 
Artillery battalion moves southeast.
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Figure 77: Scenario Three Situation at 70% Information Requirements 
 

Situation with 80% Information
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OBJ2.  CAB2 continues attack on enemy battalion in OBJ2.  NLOS supports CAB2.  CAB3 at DP3.  ATK moves to 
firing positions vicinity CAB1 and coordinates joint attack on enemy tanks crossing bridge1.  CAB3’s air assault 
units at REDCON1.  
Infantry battalion withdraws from factory complex to the east vicinity OBJ1.  Tank battalion crossing river at 
bridge1.
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Figure 78: Scenario Three Situation at 80% Information Requirements 
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Situation with 90% Information
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Stop when you think you have sufficient information to make a decision!

RSTA recons across river.  CAB1 attacked while moving into OBJ 2.  CAB2 attacking east to OBJ3.  Rockets 
attacked by SG1.  NLOS set to support CAB1’s attack on factory complex.  CAB3 at DP3. CAB3’s air assault units 
at REDCON1.  
Infantry battalions defend vicinity OBJ1 and OBJ2.  Infantry battalion moving northwest from vicinity OBJ4.  Tank 
battalion stopped east of river.  Artillery battalion fires on CAB1 in support of  SG2.  SG1 attacks Rockets north of 
canal.  SG2 attacks CAB2.
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Figure 79: Scenario Three Situation at 90% Information Requirements  
 

Situation with 100% Information
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RSTA attacks artillery.  CAB1 consolidating on OBJ 2 while under tank and indirect fires.  CAB2 prepares to 
attack enemy in OBJ 2.  Rockets move out of range of SG1.  NLOS supports RSTA’s attack on artillery.  CAB3 at 
DP3.  CAB3’s air assault units at REDCON 0.  
Infantry battalions defend vicinity OBJ1 and OBJ2.  Tank battalion fires on CAB1.  Artillery battalion fires on 
CAB1.  SG1 joined by SG8 to disrupt movement on AA1A.  SG13 declares it will defend OBJ4.

4

6

13

8

10

7

CAB3

11

12

14

AA 1A

AA 2A

 
 

 Figure 80: Scenario Three Situation at 100% Information Requirements 
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Table 21: Scenario Three UA Commander’s Information Availability Part 1 
Scenario Three UA Commander’s Information Availability (Part 1) 

 50% 60% 70% 80% 90% 100% 
CAB 1 LAC LA C LAC A AC 
CAB 2 LAC LA LA C AC - 
CAB 3 LAC L L LA - - 
Lift battalion LAC - A L - - 
Infantry Company 1 LAC - A L - - 
Infantry Company 2 LAC - A L - - 
RSTA LAC L L L - AC 
NLOS LAC L A L AC A 
Rocket Battalion LAC LA LA - LA LAC 
Attack Battalion LAC LA LA LA - - 
Check Point 1 L - - - - - 
CAS 1 LAC - - - - - 
CAS 2 LAC - - LAC - - 
Decision Point 3 L - - - - - 
Axes of Advance L(4) - - - - - 
Infantry 1 LA A C LAC - - 
Infantry 2 LA C A C LAC - 
Infantry 3 LA C - - LA LA 
Tank LA LAC LA L AC LA 
Artillery 1 LAC AC LAC L LA LA 
Artillery 2 LA - - - LA LA 
Suspect Group 1 LA AC LA - LA A 
Suspect Group 2 L AC LA - LA LA 
Neutral Group 3 L - - - - - 
Neutral Group 4 L - - - - - 
Neutral Group 5 L - - - - - 
Neutral Group 6 L - - - - - 
Unknown Group 7 L - - - - - 
Unknown Group 8 L - - - - LAC 
Unknown Group 9 L - - - - - 
Unknown Group 10 L - - - - - 
Unknown Group 11 L - - - - - 
Unknown Group 12 L - - - - - 
Unknown Group 13 L - - - - AC 
Unknown Group 14 L - - - - - 
Subtotal Part 1 70 23 24 22 22 24 
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Table 22: Scenario Three UA Commander’s Information Availability Part 2 
Scenario Three UA Commander’s Information Availability (Part 2) 

 50% 60% 70% 80% 90% 100% 
ROE 1 - - - - - 
Terrain types 4 - - - - - 
Light Data Night (1) - - - - - 
Illumination (Moon) None (1) - - - - - 
Cloud Cover None (1) - - - - - 
Precipitation None (1) - - - - - 
Visibility Good (1) - - - - - 
Temperature 75F (1) - - - - - 
Wind None   N 5mph (1)   
CBRNE None (5) - - - - - 
Bridge 1 LC - - - - - 
Bridge 2 LC - - - - - 
Bridge 3 LC - - - - - 
Bridge 4 LC - - - - - 
Bridge 5 LC - - - - - 
Factory LC - - - - - 
Power Station LC - - - - - 
Reservoir L - - - - - 
Palace L - - - - - 
Rail Yard L - - - - - 
Intersection 1 LC - - - - - 
Intersection 2 LC - - - - - 
Intersection 3 LC - - - - - 
Intersection 4 LC - - - - - 
Intersection 5 LC - - - - - 
Intersection 6 LC - - - - - 
Subtotal Part 2 46 - - 1 - - 
Subtotal Part 1 70 23 24 22 22 24 
Total per % 116 23 24 23 22 24 
Running Total 116 139 163 186 208 232 
L: Location Information (Change in location) 
A: Activity Information (Change in tactical task) 
C: Combat Effectiveness Information (Change in combat power) 
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E.2: Scenario Three Analysis 
 

This section provides the composite data table and analysis of Scenario Three. The 

data collected from the third scenario are depicted in Table 23.  Analysis of the data 

revealed that the experts were divided over the best course of action (COA) to choose 

with the top two choices of north or south almost equivalent (45.8% to 37.5%).  This is 

depicted in Figure 81.  However, the rationale for choosing a particular COA over the 

others was clearly apparent from the data collected.  The most expressed reason for 

picking a particular COA was clearly the enemy tank battalion (58.3%) followed by the 

disposition of units (25.0%).  Lastly, the experts almost all agreed that the enemy tank 

(70.8%) was key information item that would have allowed them to make their decision 

earlier in the scenario.  Since this scenario was constructed in the information domain, it 

means that they would have used less information to make their decision if this key 

information was provided ahead in sequence of the other information presented. 

What COA Selected? S3

Center

North

South

Center

North

South

1.0000024Total

0.3750009South

0.4583311North

0.1666704Center

ProbCountLevel

Why that COA? S3

Artillery

CE

Disposition

Tank

Artillery
CE

Disposition

Tank

1.0000024Total

0.5833314Tank

0.2500006Disposition

0.0833302CE

0.0833302Artillery

ProbCount
Level

What Key Information? S3

Artillery

Bridges

None

Tank

Artillery
Bridges

None

Tank

1.0000024Total

0.7083317Tank

0.1250003None

0.1250003Bridges

0.0416701Artillery

ProbCountLevel

 
 

Figure 81: Relevant Scenario Three Answers 
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Table 23: Scenario Three Data 
Scenario Three Data 

Survey Friend Enemy Env. Other E P C COA Why Key 
1 0.80 0.80 0.80 0.60 0.75 0.70 0.53 South Tank Tank 
2 1.00 1.00 0.80 0.60 0.85 0.80 0.68 North Tank Tank 
3 0.80 0.80 0.80 0.80 0.80 0.60 0.48 South Tank Tank 
4 0.80 0.80 0.80 0.60 0.75 0.80 0.60 North Tank Tank 
5 1.00 1.00 1.00 1.00 1.00 0.70 0.70 North Tank Bridges 
6 1.00 1.00 0.60 0.60 0.75 0.70 0.53 South CE Tank 
7 0.80 0.80 0.80 0.60 0.75 0.80 0.60 North Disposition Tank 
8 0.80 1.00 1.00 1.00 0.95 0.50 0.48 South Disposition Bridges 
9 1.00 1.00 0.80 0.60 0.85 0.60 0.51 South Tank Tank 

10 0.80 0.80 0.60 0.60 0.70 0.70 0.49 North Tank Tank 
11 0.80 0.80 0.80 0.80 0.80 0.80 0.64 Center Tank Tank 
12 0.80 0.80 1.00 1.00 0.90 0.60 0.54 South Artillery Artillery 
13 1.00 1.00 0.80 0.60 0.85 0.80 0.68 North Tank Tank 
14 0.80 0.80 0.60 0.60 0.70 0.70 0.49 Center Tank Tank 
15 0.80 0.80 0.80 0.60 0.75 0.70 0.53 Center Tank Tank 
16 1.00 1.00 0.60 1.00 0.90 0.80 0.72 North Tank Tank 
17 1.00 1.00 1.00 1.00 1.00 0.50 0.50 South Disposition None 
18 1.00 1.00 0.80 0.80 0.90 0.60 0.54 North Artillery None 
19 1.00 1.00 0.80 0.80 0.90 0.70 0.63 South Disposition Tank 
20 1.00 1.00 0.80 0.60 0.85 0.80 0.69 North Tank Bridges 
21 1.00 1.00 0.80 0.60 0.85 0.70 0.59 South Disposition Tank 
22 0.80 0.80 0.80 0.80 0.80 0.50 0.40 North Disposition None 
23 1.00 1.00 1.00 1.00 1.00 0.80 0.80 Center CE Tank 
24 1.00 1.00 1.00 1.00 1.00 0.70 0.70 North Tank Tank 
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Appendix F:  Scenario Two Depicted in the Time Domain  
 

This appendix explains the process developed to create the scenarios that served as 

the basis for collecting data from the expert tactical decision making subjects.  There are 

two sections in this appendix.  The first section depicts the graphical situational 

information presentation screens developed in time increments for Scenario Two.  These 

screens served as the basis for building the scenarios in the time domain for presentation 

to the tactical decision making expert subjects.  The second section explains the process 

used to convert the scenario information from the time domain into the information 

domain.  The actual presentation screens and information data table for Scenario Two 

that were used during data collection are contained in Appendix D. 

F.1: Creating the Scenario in the Time Domain 
 

This section consists of the eleven presentation screens (Figures 82-92) used to create 

initially the tactical scenario.  As previously mentioned, this scenario is based on current 

concepts for the conversion of Army brigades to a modular organization, as well as 

emerging concept for the Future Combat System and Unit of Action. [CGM 2004, O&O 

v3 2004] 
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Situation at T+0

NLOSCAB3
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1
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4AA 2B
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EA ALPHA

OBJ BRAVO

Indicates combat engagement

N

AA 1A

AA 1B

RSTA conducts aerial recon forward of UA ground 
elements.  
Elements of Infantry Battalions defending factory 
complex and vicinity OBJ 2. 
Elements of Tank Battalion located assembled in 
dispersed locations.
Elements of artillery battalion located in firing 
positions.  

2

CKP 1

 
Figure 82: Scenario Two Situation at T+0 

 
 

Situation at T+1
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Infantry Battalions located defending factory complex and vicinity OBJ 2. 
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One artillery battalion located in firing positions.  
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Figure 83: Scenario Two Situation at T+1 
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Situation at T+2
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RSTA screens UA north flank.  CAB 1 engages enemy battalion at factory complex.  CAB 2 
continues movement to contact.  Rocket counterfires.  NLOS prepares to support CAB 1. CAS 1 
on enemy artillery.
Infantry Battalion engages CAB 1 with direct and indirect fires. Infantry battalion located defending 
OBJ 4.  Tank Battalion located assembled in dispersed locations. One artillery battalion fires on 
CAB 1.

2

CKP 1

 
 

Figure 84: Scenario Two Situation at T+2 
 

Situation at T+3
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CAB 1
Infantry breaks contact with CAB 1. Infantry engages CAB 2 with direct and indirect fires.  Infantry 
battalion located defending OBJ 4.  Tank Battalion moving along road net to south.  First artillery 
battalion displacing.  Second artillery battalion fires on CAB 2.
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Figure 85: Scenario Two Situation at T+3 



178 

Situation at T+4
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RSTA screens to river.  CAB 1 attacks east of factory complex.  CAB 2 attack enemy at OBJ 2.  CAB 3 moving 
east.  Rocket displaces forward. NLOS counterfires. ATK in forward holding area.
Infantry defends against CAB 1 then retreats to east towards OBJ 1. Infantry engages CAB 2 with direct and 
indirect fires.  Infantry battalion located defending OBJ 4.  Tank Battalion moving along road net to south.  First 
artillery battalion preparing to fire.  Second artillery battalion fires on CAB 2.
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Figure 86: Scenario Two Situation at T+4 
 

 
Situation at T+5
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Figure 87: Scenario Two Situation at T+5 
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Situation at T+6
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DP 2.  Rocket and NLOS repositioning. ATK moving forward to CP 1.
Infantry defends against CAB 1 vicinity OBJ 1. Infantry defends against CAB 2 vicinity OBJ 2.  Infantry battalion 
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Figure 88: Scenario Two Situation at T+6 
 
 

Situation at T+7
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Engagement Area (EA) Alpha.
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Figure 89: Scenario Two Situation at T+7 
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Situation at T+8
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at DP 2.  Rocket and NLOS position forward. ATK moving forward to Engagement Area (EA) Alpha.
Infantry defends against CAB 1 vicinity OBJ 1. Infantry defends against CAB 2 vicinity OBJ 2.  Infantry battalion 
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Figure 90: Scenario Two Situation at T+8 
 

Situation at T+9
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Figure 91: Scenario Two Situation at T+9 
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Situation at T+10
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and returns to UEx control.
Infantry defending vicinity OBJ 1.  One Infantry Battalion attacking CAB 2 from southeast.  Main elements of Tank 
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Figure 92: Scenario Two Situation at T+10 
 
 

F.2: Converting the Scenario into the Information Domain 
 

Converting the data for Scenario Two from the time domain to the information 

domain consisted of three steps.  The first step was to consolidate the eleven columns of 

data depicted in Table 24 into six columns of data to reflect the consolidation of the 

graphical depiction of the entities’ activities from 11 presentation screens down to six 

screens.   
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Table 24: Scenario Two Information Distribution in the Time Domain 
 T+0 T+1 T+2 T+3 T+4 T+5 T+6 T+7 T+8 T+9 T+10 
CAB 1 LAC L LA LA C LC - - - LA LA 
CAB 2 LAC L L LA LAC - - - C LA - 
CAB 3 LAC L L L L - - L - - - 
RSTA LAC L L LA A - - - - - - 
NLOS LAC L L - A A - A LA A C 
Rocket Bn LAC L LA - A - - A LAC A A 
Attack  Bn LAC - - - LA - L L L LA - 
Check Point 1 L - - - - - - - - - - 
CAS 1 LC - LA - - - - - - - - 
CAS 2 LC - -  - - - - - LA - 
DP 2 L - - - - - - - - - - 
Axes 4 - - - - - - - - - - 
Infantry 1 LA C A LA LC LC - - - LA A 
Infantry 2 LA C - A C - - - C A AC 
Infantry 3 L A C - - - LA - LC LA C 
Tank LA C - LA L L L - LC L C 
Artillery 1 LAC C A LA AC - L L L A - 
Artillery 2 LA - - A A AC L - - A AC 
Terrain types (4) - - - - - - - - - - 
Light Data Night - - - - - - - - - - 
Illumination  None  - - - - - - - - - - 
Cloud Cover None - - - - - - - - - - 
Precipitation None - - - - - - - - - - 
Visibility Good - - - - - - - - - - 
Temperature 75F - - - - - - - - - - 
Wind None  - - - - - - - - - - 
CBRNE (5) - - - - - - - - - - 
Bridge 1 LC - - - - - - - - - - 
Bridge 2 LC - - - - - - - - - - 
Bridge 3 LC - - - - - - - - - - 
Bridge 4 LC - - - - - - - - - - 
Bridge 5 LC - - - - - - - - - - 
Factory LC - - - - - - - - - - 
Power Station LC - - - - - - - - - - 
Reservoir LC - - - - - - - - - - 
Palace LC      - - - - - 
Rail Yard LC      - - - - - 
Intersection 1 LC - - - - - - - - - - 
Intersection 2 LC - - - - - - - - - - 
Intersection 3 LC - - - - - - - - - - 
Intersection 4 LC - - - - - - - - - - 
Intersection 5 LC - - - - - - - - - - 
Intersection 6 LC - - - - - - - - - - 
Total per T 92 11 14 15 17 8 6 5 13 18 11 
Total 92 103 117 132 149 157 163 168 181 199 210 
Location (Change in location)  Activity (Change in tactical task)     C (Change in CE) 
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This action aligned the data from the time domain with the ten-percent increments 

used for depicting the commander’s perception in the information domain.  This reduced 

the amount of data retained from 210 to 188 items, with the reduction in data caused 

primarily by reducing the number of changes in the locations of the entities when the 

number of presentation screens decreased.  For example, combining data columns one 

and two reduced the number of total location changes by six.  The result of this 

consolidation is depicted in Table 25. 

Table 25: Consolidating Scenario Two Information Distribution 
Consolidating Scenario Two Information Distribution 

 T+0 and 
T+1 

T+2 and 
T+3 

T+4 and 
T+5 

T+6 and 
T+7 

T+8 and 
T+9 

T=10 Total 
Changes 

Location -6 -4 -2 -2 -3 0 -17 
Activities 0 -1 -2 0 -2 0 -5 
Combat 
Effectiveness 0 0 0 0 0 0 0 

Total Changes -6 -5 -4 -2 -5 0 -22 
 

The second step was to remove the time scale and consolidate the data into one group. 

The order of the data was retained so as not to lose the sequence of tactical events that 

this order represented. 

The third step was to redistribute the data into the appropriate percentiles used in the 

scenarios.  Fifty percent of the available information was graphically depicted in the first 

50% presentation screen.  The remaining information was distributed in 10 percent 

increments as equally as possible and depicted graphically in the remaining presentation 

screens.  The apportionment of the remaining information is not exactly equal as it was 

also important to retain a realistic presentation of the tactical situation.  The presentation 

screens resulting from this process are contained in Appendix D. 
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Appendix G:  Subject Interviews 

This appendix provides the interview information from the 24 tactical decision 

making experts.  The average values for each subject for expertise, perception and 

comprehension, as well as the changes in comprehension between scenarios are depicted 

in Table 26, which was used to create the tables for Chapter 5. 

Survey Number:  01  
Date of Survey: 23 January 2005 
Military Rank: LTC (O5) Retired 
Years of Service: 20:  Armor, Cavalry, Reconnaissance 
Academic Experience: 
Military Education: Advanced Military Studies Program (SAMS) 
   Naval War College (Retired before completion 1999) 
Civilian Education: BS, United States Military Academy at West Point, 1979 
   MMAS, U.S. Army Command & General Staff College, 1992 
Military Experience: 
CTC:   JRTC 1989, HHT Commander, Recon Squadron 

BCTP Division WFX 1994, S3 Division Cavalry Squadron 
NTC 1994, S3 Division Cavalry Squadron 
BCTP Division WFX 1995, S3 Armor Brigade   

   NTC 1996, XO Armor Brigade 
Deployments:  REFORGER 1982, Tank Battalion S3 
   TEAM SPIRIT 1988, Recon Squadron S3 
Leadership:  None 
Key Staff:  Tank Battalion S3, 1982; Recon Squadron S3, 1988 
   Cavalry Squadron S3, 1994; Armor Brigade S3, 1995 
   Armor Brigade XO, 1996 
Combat:   None 
Scenario 1 
A.  Have you studied or trained/fought against a similar enemy with similar friendly 
forces?  Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy reserve tank battalion was committed towards CAB 2 
3.  What did you decide to do?  Have CAB3 pass forward through CAB1. 
4.  Why did you decide on that course of action? Farthest from enemy counterattack 
5.  What do you expect the results of your decision?  CAB2 will defeat enemy 
counterattack, CAB3 will attack and defeat enemy forces on OBJ 2. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The commitment of the enemy reserve tank battalion. 
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Scenario 2 
A.  Have you studied or trained/fought against a similar enemy with similar friendly 
forces?  Yes/Yes/No 
B.  Have you studied or trained/fought against in a similar environment?  
Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy reserve tank battalion was committed to the south. 
3.  What did you decide to do?  Have CAB3 attack to seize OBJ 1. 
4.  Why did you decide on that course of action? Enemy committed his reserve to the 
south and would have to cross into EA ALPHA to attack CAB2. 
5.  What do you expect the results of your decision?  CAB3 secures OBJ1 while the 
attack battalion defeats the enemy counterattack in EA ALPHA. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Commitment of the enemy reserve tank battalion to cross the bridges. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces?  Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment?  Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE?  Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision? 
70% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy reserve tank battalion was committed to the north. 
3.  What did you decide to do?  Have CAB3 attack with two air assaults on rooftops to 
LZ DOG and ground attack south of CAB2 to seize OBJ 4. 
4.  Why did you decide on that course of action?  Enemy committed his reserve to the 
north and would have to cross bridges to attack CAB1.  Good time to use joint air attack 
under the attack helicopter battalion’s control. 
5.  What do you expect the results of your decision?  Enemy tanks are stopped from 
crossing the river.  Enemy will be unable to assist the enemy infantry battalion on OBJ4. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy’s reserve tank battalion crossed the northern bridges. 
Knowledge Intelligence Type Domain Value Scenario # 
  Friendly Enemy Environment Other 
None   0     

General CEL 1     
Declarative  
“Facts” 

Academic 
Intelligence Specialized 

 MEL 2     

Internal 
Training 3    3 

Simulated External 
Training 4 1/2/3 1/2/3 2/3  

Procedural  
“How to 
do” 

“Tacit” 
Intelligence 
(Sternberg 

Reality Operational 5     
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Survey Number: 02  
Date of Survey: 02 February 2005 
Military Rank: LTG (O9) Retired 
Years of Service: 32+: Air Cavalry, Armor, General Officer 
Academic Experience: 
Military Education: U.S. Army War College 1980 
Civilian Education: BS, Animal Science, Montana State University, 1961 
   MS, Psychological Counseling, Montana State University, 1972 
   Ph.D., Education/Training, Montana State University, 1973 
Military Experience: 
CTC:   BCTP Division WFX, ADC(S), 9th Infantry Division (Motorized) 
   BCTP Division WFX, Command General, 3d Armor Division  

BCTP Corps WFX, Commanding General III Corps   
   NTC, Commander, 194th Armor Brigade (Separate) 

CMTC, Commanding General, 3d Armor Division 
Deployments:  REFORGER 1st Cavalry Division Chief of Staff 
Leadership: Commander, Tank Battalion;  Commander, Separate Armor 

Brigade; ADC(S), Motorized Division; Commanding General 
(CG), NTC; CG, Armor Division; CG, USAARMC; CG, III Corps 
& Fort Hood 

Key Staff:  Tank Battalion XO; Division G3, Chief of Staff; Corps Deputy G3  
Combat:   Republic of Vietnam, Air Cavalry Troop Commander 
   Operation DESERT STORM, CG, Armor Division  
Scenario 1 
A.  Have you studied or trained/fought against a similar enemy with similar friendly 
forces?  Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  The 
obstacle breach reported by CAB1 in the north. 
3.  What did you decide to do?  Have CAB3 pass forward through CAB1. 
4.  Why did you decide on that course of action? Farthest from enemy counterattack 
5.  What do you expect the results of your decision?  CAB2 will defeat enemy 
counterattack, CAB3 will attack and defeat enemy forces on OBJ 2. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy started to move the tank battalion in reserve. 
Scenario 2 
A.  Have you studied or trained/fought against a similar enemy with similar friendly 
forces?  Yes/Yes/Yes 
B.  Have you studied or trained/fought in a similar environment?  Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
But I probably could have done it at 70% now that I have seen the 80% situation. 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy reserve tank battalion was moving south. 
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3.  What did you decide to do?  Have CAB3 attack to seize OBJ 4. 
4.  Why did you decide on that course of action? Enemy committed his reserve to the 
south and would have to cross into EA ALPHA to attack CAB2. 
5.  What do you expect the results of your decision?  CAB3 secures OBJ 4 and defeats 
the enemy tank battalion. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Destruction of the second enemy artillery battalion would have 
allowed me to have adequate combat power to move and block without worrying about 
indirect fires. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80%; But I probably could have done it at 70% now that I have seen the 80% situation. 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy reserve tank battalion was committed to the north. 
3.  What did you decide to do?  Have CAB3 attack with two air assaults on rooftops to 
LZ CAT and ground attack north of CAB1 to seize OBJ 1. 
4.  Why did you decide on that course of action?  Enemy committed his reserve to the 
north and would have to cross bridges to attack CAB1.   
5.  What do you expect the results of your decision?  Enemy tank battalion should be 
stopped from crossing the river.  Use air assaults to secure route for CAB3’s rapid 
movement to OBJ1 in order to destroy the enemy tank battalion.  Use close air support 
(CAS) to attack enemy artillery. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Committing enemy’s reserve tank battalion to cross the bridges. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
COL(P) Chris Tucker, OTC   COL Bob Sparing (UT SSCF) 
COL Paul Funk (UTSSCF)   COL(R) Johnnie Johnson (NG) 
COL Jim Hickey, (1CD)   COL(R) Darrell Charlton (NG) 
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Survey Number: 03 
Date of Survey: 09 February 2005 
Military Rank: MG (O8) Active Duty    
Years of Service: 30+: Armor, Aviation, General Officer 
Academic Experience: 
Military Education: National Defense University (NDU) 
Civilian Education: BS, Education, Arkansas State University, 1974  
   MMAS, USACGSC, SAMS, 1990 
   MS, National Resource Strategy, NDU, 1994    
Military Experience: 
CTC:   BCTP multiple at division and corps level 

CMTC (Hohenfels Training Area) Aviation Brigade S3 
NTC 3 - ADC(M) 1st Cavalry Division 
         24 - Senior Aviation Observer/Controller 
         1- Aviation Squadron Commander 

Deployments:  REFORGER 1975, 1984-88 squadron commander or umpire 
   8 UFL, 4 FE, 6 RSOI as planner or commander 
   BRIGHT STAR 1981; MFO 1982-83, XO Airborne Battalion 
Leadership:  Battalion 3-6 Air Cavalry 1991-93 (US) 
   Brigade 6th Cavalry Brigade (ROK) 
   Division ADC(M) 1st Cavalry Division 2000-2001 
Key Staff: Battalion S3: 299th (USA) and 3d (Europe) Attack Helicopter 

Battalions; Brigade S3: 4th Brigade, 3d Infantry Division (Europe) 
   Brigade XO: 2-3 Aviation Regiment (Europe); Division G3/CS 
Combat:   Commanding General III Corps (Rear) 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
50% 
2.  Why did you think that you had sufficient information to make the decision?  We 
have sufficient fires to fix the enemy in OBJ 1-2 and to reduce enemy artillery.    
3.  What did you decide to do?  Have CAB 3 pass forward through CAB 1. 
4.  Why did you decide on that course of action?  CAB2 sets on OBJ 1-1 and defeats 
enemy tank counterattack. 
5.  What do you expect the results of your decision?  We will be able to put flanking 
fires on enemy tank battalion and also support CAB3 as it attacks OBJ 2. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Positioning of enemy forces and exposure of CAB 2 to multiple fires. 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought against in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
60% 
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2.  Why did you think that you had sufficient information to make the decision?  
Disposition of enemy forces.   
3.  What did you decide to do? Pass CAB 3 forward to seize OBJ 2 and then OBJ 4.   
4.  Why did you decide on that course of action?  Positioning of enemy forces.  
5.  What do you expect the results of your decision?  CAB 1 will have a hell of a fight. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Posturing of enemy tank battalion. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy tank battalion assembled to begin its move.   
3.  What did you decide to do?  CAB 1 continues to fight enemy in factory and OBJ 1.  
CAB 2 attacks to secure OBJ 2.  CAB3 attacks to secure OBJ 3 then south to secure OBJ 
4.  Attack battalion fights by teams to destroy enemy tank battalion. 
4.  Why did you decide on that course of action?  Enemy tank battalion is getting ready 
to move and CAB1 is tied down in its current fight. 
5.  What do you expect the results of your decision?  The enemy infantry will be 
destroyed west of the river and the tank battalion will not cross the river to support them. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy tank battalion began assembling to move. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
Major General “JD” Thurman, CG 4ID(M)   Major General Rick Olsen 
Major General “Fuzzy” Webster, CG 3ID(M)  General Dick Cody, Vice CSA 
At the NTC he had the enemy outgunned with the engagement differential and he had a 
mobility advantage, he didn’t really care where the enemy went.  The key action was to 
locate the enemy’s decision point for committing his main effort.  During the battle he 
focused on deconflicting fires and air space. 
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Survey Number: 04 
Date of Survey: 11 February 2005 
Military Rank: LTC (O5) Retired 
Years of Service: 20: Infantry 
Academic Experience: 
Military Education: USA CGSC 1993 
   AWC Selectee 
Civilian Education: BS, Accounting, University of Toledo, 1980    

MBA, Syracuse University, 1990    
Military Experience: 
CTC:   BCTP  Battalion replicated 101st Division for Exercise UFL 
    Division G3 operations, (4 WFX) 

CMTC (Hohenfels Training Area: Company Commander) 
NTC Battalion Commander 1998 
 Infantry Platoon Leader (3)  

Deployments:  REFORGER 3ID LRC commander 1987 
   TEAM SPIRIT  
   BRIGHT STAR 
Leadership:  Battalion Commander 1997-99 
Key Staff:  Battalion XO: 3-41 Infantry (Mech) 1995    
   Brigade XO: 1/4ID(M) 1997 
   Division G3 Operations 
Combat:   None 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70%, but stated he was leaning towards making at decision at 60% 
2.  Why did you think that you had sufficient information to make the decision?  We 
were attriting the enemy artillery.    
3.  What did you decide to do?  CAB 3 goes north; shift NLOS fires to fix enemy on 
OBJ1-2. 
4.  Why did you decide on that course of action? Enemy strength was reduced in OBJ 
-1, CAB 2 can block the enemy tank battalion counterattack. 
5.  What do you expect the results of your decision?  We will own OBJ 1-1, isolate 
enemy battalion on OBJ 1-2, and destroy enemy tank battalion as it is moving.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The enemy’s strength on OBJ 1-1.  
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
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2.  Why did you think that you had sufficient information to make the decision?  The 
enemy tanks were moving south, infantry would need to make room for the tank battalion  
3.  What did you decide to do?  CAB 3 attacks to the south.  
4.  Why did you decide on that course of action? Block enemy tanks from crossing. 
5.  What do you expect the results of your decision?  Attack helicopter battalion will 
stop the enemy tanks, enemy artillery will go to “red” status, and enemy infantry will be 
combat ineffective. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The enemy tanks started moving.  At 60% he asked the enemy air 
defense status. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy tanks started to move, CAB1 went to a “red” status. 
3.  What did you decide to do?  CAB3 attacks to the north. 
4.  Why did you decide on that course of action?  Attack helicopters attack the enemy 
tanks.  Artillery attacks enemy infantry in the south to fix them in place. 
5.  What do you expect the results of your decision?   The enemy will be fixed initially 
in the south by our fires and attack helicopters.  We complete the destruction of the 
enemy in the north, then shift to attack to the south. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The movement of the enemy tanks and our friendly combat power 
status. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
LTC(R) John Lough and LTC(R) Richard Reese; both work at Dell. 
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Survey Number: 05  
Date of Survey: 17 February 2005 
Military Rank: LTC(P) (O5) Active Duty 
Years of Service: 20: Armor 
Academic Experience: 
Military Education: Senior Service College Fellow, The University of Texas at Austin 
Civilian Education: BA, Communications, Montana State University, 1984  
  

MS, Business Administration, Central Michigan University, 1994  
Military Experience: 
CTC:   BCTP:  Multiple in battalion through division positions  

CMTC:  tank company commander 
JRTC:  G3, 1st Cavalry Division 
NTC:  Tank Company XO, Squadron Commander, Regimental S3 
O/C Dragon 12 (24) 

Deployments:  REFORGER The “Nerfball” one      
Leadership:  Squadron Commander, 1-7 Cavalry Squadron, 1st Cavalry Division 

Brigade Commander 1st Brigade, 1st Cavalry Division, Summer 05 
Key Staff:  Squadron S3    
   Regimental S3, 3d ACR 
   Division G3, 1st Cavalry Division, 2 years 
Combat:  Operation DESERT STORM, HHC Commander 
   Operation Iraqi Freedom 2, 1st Cavalry Division G3   
The subject commented that he used the MS “burst” as a way to depict contact with 
enemy forces during OIF2 as the G3.  
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
50% 
2.  Why did you think that you had sufficient information to make the decision? I 
knew the combat ratios in the north were in my favor and RSTA was screening.  We had 
fixed the enemy in the south.  I wanted to attack the enemy artillery. 
3.  What did you decide to do? CAB 3 goes north.  
4.  Why did you decide on that course of action? See # 2 
5.  What do you expect the results of your decision?  We will destroy the enemy in the 
north, fix the enemy in the south, force his artillery to displace, and attack the tank 
battalion as it moves.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  NA 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
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1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  We 
had the status of all the bridges and had to block the enemy tank battalion from crossing 
in the south.  
3.  What did you decide to do?  CAB3 goes south. 
4.  Why did you decide on that course of action?  Block the enemy tank battalion. 
5.  What do you expect the results of your decision?  Destroy the southern enemy 
infantry battalion, seize the river crossings, attack the enemy tank battalion with attack 
helicopters and close air support. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier? Who owns the bridges? 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  I 
knew the situation at all the bridges and the enemy tank battalion was moving. 
3.  What did you decide to do?  I immediately conducted an air assault with the two 
light infantry companies—one in the north and one in the south to seize the bridges.  This 
provided me with maneuver flexibility.  I used the CAS and attack helicopters to attack 
the enemy tank battalion.  CAB 3 moved to the north. 
4.  Why did you decide on that course of action?  The enemy tank battalion was 
committed. 
5.  What do you expect the results of your decision?  We will fix the enemy infantry 
and stop the enemy tank battalion using CAS and attack helicopters. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  I needed a good read on the status of the bridges.  You need another 
PIR to reflect the status of the bridges. 
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Survey Number: 06 
Date of Survey: 08 February 2005 
Military Rank: COL (O6) Retired 
Years of Service: 30: Armor 
Academic Experience: 
Military Education: Army War College 1986 
Civilian Education: BS, General Studies, Montana State, 1964    

MA European History, Tennessee Tech, 1971    
Military Experience: 
CTC:   BCTP Corps Deputy Chief of Staff 1991 
    Corps G1 1993 

CMTC (Hohenfels Training Area internal brigade training) Armor 
Brigade Commander 1986 

Deployments: REFORGER Squadron Commander 1983; Brigade Commander 
1986 &87  

Leadership:  Cavalry Squadron Commander 1982;  
   Armor Brigade Commander 1986 
Key Staff:  Cavalry Squadron S3; Armor Battalion XO;  Armor Brigade S3 
   Division G1; Division Chief of Staff; Corps Deputy Chief of Staff; 

Corps G1 
Combat:   Long Range Recon Patrol (LRRP) Republic of Vietnam (RVN) 

Cavalry Troop Commander RVN; Cavalry Squadron S3 RVN 
Division Chief of Staff DESERT STORM 

Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  I 
had sufficient combat power to fix enemy on OBJ 1 
3.  What did you decide to do?  Have CAB3 pass forward through CAB2. 
4.  Why did you decide on that course of action? Enables CAB 3 to attack deep into 
enemy defense. 
5.  What do you expect the results of your decision?  NLOS will fix enemy artillery 
increasing our chance of success. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The ability to send the RSTA deeper into the enemy position sooner. 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?   
60% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy reserve tank battalion was moving. 
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3.  What did you decide to do?  Attack battalion attacks enemy southern artillery 
battalion. CAB 2 attacks to seize OBJ2 while CAB 3 attacks to seize OBJ 4 
4.  Why did you decide on that course of action? Enemy cannot cross the river. 
5.  What do you expect the results of your decision?  CAB3 secures OBJ1 while the 
attack battalion defeats the enemy counterattack in EA ALPHA. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Movement of enemy tank battalion. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/No CTC/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/No CTC /No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  I 
had sufficient combat power to fix the enemy on OBJ1 
3.  What did you decide to do?  Attack battalion and MLRS attack enemy tank battalion 
and southern artillery battalion.  Air assaults into LZ CAT (1) and LZ DOG.  CAB 1 
links up with air assault forces at LZ CAT. CAB 2 attacks to seize OBJ 3.  CAB 3 attacks 
to link up with air assault forces in LZ DOG.  NLOS fires preparatory fires on LZs. 
4.  Why did you decide on that course of action?  This reduces the enemy’s options. 
5.  What do you expect the results of your decision?  Enemy cannot cross the river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  More information on the status and activity of the enemy tank 
battalion and southern artillery battalion. 
Who else would you recommend participate in this data collection survey? 
COL(R) Nick Johnson, Fort Hood DPCA John Johnson, Northrop Grumman 
LTC(R) Lenny Grasso, General Dynamics Marcus Dudley, BCTC 
COL(R) Jerry Smith, General Dynamics Don Holder, General Dynamics 
LTC(R) Randy Hill, Northrop Grumman  John Picot, BCTC 
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Survey Number: 07 
Date of Survey: 15 February 2005 
Military Rank: COL (P) (O6) Active Duty 
Years of Service: 26: Infantry 
Academic Experience: 
Military Education: Army War College, 1999 
Civilian Education: BS, Business, The Citadel, 1979    

MMAS, SAMS, USACGSC, 1992    
Military Experience: 
CTC: BCTP: Battalion Cdr (2), Brigade S3 (2), Bde Cdr (4)  

NTC:  Battalion S3 (2), Bn Cdr (1), Bde S3 (1), Bde Cdr (1) 
Observer/Controller (14), Chief of Plans (36) 

Deployments:  TEAM SPIRIT Division Operations Officer 2ID 1993 (ROK) 
  
Leadership:  Battalion Commander 1996-98; Brigade Commander 2000-02; 
   CG, US Army Operational Test Command (USAOTC) 
Key Staff:  Battalion S3; Brigade S3; Division G3 Operations 
Combat:   None 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision?   
We knew the enemy’s obstacles, position and reserve.  
3.  What did you decide to do?  CAB 3 goes to the north. 
4.  Why did you decide on that course of action? Our main effort had fixed the 
reserve. I wouldn’t go south because there the enemy can mass his fires and forces. 
5.  What do you expect the results of your decision?  CAB 3 will seize OBJ 2. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  I assessed the risk each time to avoid enemy massed fires.  The best 
COA is the one that is most flexible at the point of decision; with the decision to be made 
at the latest time possible based on the risk. 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  I 
could make the decision based on our mission, the current enemy disposition, the 
commitment of the enemy reserve to the south, and CAB1’s combat effectiveness status.  
3.  What did you decide to do? I decided to send CAB 3 to the south.   
4.  Why did you decide on that course of action? See # 2, mainly the commitment of 
the tank battalion to the south. 
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5.  What do you expect the results of your decision?   CAB1 secures OBJ1, CAB 2 
secures OBJs 2 and 3, and CAB 3 secures OBJ 4.  We are now poised to defeat the 
enemy and destroy them. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The movement of the enemy tanks in the urban terrain.  
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
I was leaning to commit CAB 3 to the north at 70%. 
2.  Why did you think that you had sufficient information to make the decision? 
Enemy dispositions and terrain. 
3.  What did you decide to do?  CAB 3 goes to the north.  The RSTA would be shifted 
south to direct fires on OBJ 4. 
4.  Why did you decide on that course of action?  The positioning of the enemy tank 
battalion. 
5.  What do you expect the results of your decision?  We will stop the tanks, place fires 
on OBJ 4 and conduct a two-company air assault into LZ CAT in the north with CAB 3 
tasked to conduct the link-up with them. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The enemy tanks were moving.  Also when the combat power status of 
CAB 1 went to “red”. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
Colonel Dave Southerland, the incoming Commander, 3d Bde, 1st CD.  The pre-
command course (PCC) leader to see how their decision making simulations and if they 
could capture this data for you in more events if you needed it for further research. 
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Survey Number: 08 
Date of Survey: 09 February 2005 
Military Rank: LTC(P) (O5) Active Duty 
Years of Service: 23: Engineer 
Academic Experience: 
Military Education: US Army Command and General Staff College 
   Selected for US Army War College (2005) 
Civilian Education: BS, Education, Tarleton State University, TX, 1982    

MS, Education Administration, Tarleton State University, TX, 
1997  

Military Experience: 
CTC:   JRTC Engineer Platoon Leader 

NTC Engineer company commander, battalion S3, battalion 
commander,  
20 rotations as the Engineer Observer/Controller for the S2/S3., 
1998-2000 

Deployments:  TEAM SPIRIT  Three (3) Company level    
  
Leadership: Battalion Command, Combat Engineer Battalion (Mechanized) 

2001-03  
Key Staff:  Battalion S3 
   Senior US Engineer Multi-National Force Iraq 2003-04 
   Military Advisor to the Saudi Arabian National Guard 1990-95 
Combat:   Operation DESERT STORM 1991 (SANG Advisor) 
   Operation IRAQI FREEDOM 2003-04 (MNFI) 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Friendly-No, Enemy-Yes (Advisor to SANG) 
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision?  The 
positioning of the enemy’s forces. 
3.  What did you decide to do?  Have CAB3 pass forward through CAB2 to secure OBJ 
2. 
4.  Why did you decide on that course of action? There was not sufficient enemy 
strength or pressure in the south. 
5.  What do you expect the results of your decision?  Enemy on OBJ 1-2 will be fixed; 
OBJ 1-1 will be secured. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier? Size of enemy force fixed on OBJ 1-2. 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Friendly-No, Enemy-Yes (Advisor to SANG) 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
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1.  When did you think that you had sufficient information to make the decision?  
50% 
2.  Why did you think that you had sufficient information to make the decision?  We 
knew the location of the enemy’s formations. 
3.  What did you decide to do?  Have CAB3 attack to the north seize OBJ 1. 
4.  Why did you decide on that course of action? We could fix the enemy in the south 
and use artillery to destroy artillery and tank formation.  We capitalized on the enemy’s 
weaknesses in the north and would force him to move major formations in the city. 
5.  What do you expect the results of your decision?  We will fix the enemy in the 
south and destroy him in the north. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  We knew the location of the enemy’s formations. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Friendly-No, Enemy- Yes (Advisor to SANG) 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
C.  Have you studied/trained/fought with similar non-conventional military forces 
and ROE? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
50% 
2.  Why did you think that you had sufficient information to make the decision?  I 
knew the status of the bridges and where the enemy’s infantry formations were. 
3.  What did you decide to do?  Have both light companies air assault onto rooftops in 
LZ CAT to block enemy use of bridges in north and have CAB 3 attack south of CAB2 to 
seize OBJ 4. 
4.  Why did you decide on that course of action?  I knew the status of the bridges and 
where the enemy’s infantry formations were.  Once the tank battalion started to assemble 
I knew what he was trying to accomplish. 
5.  What do you expect the results of your decision?  Enemy tank battalion should be 
stopped from crossing the river and we destroy the enemy forces west of the river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  I knew the status of the bridges and where the enemy’s infantry 
formations were. 
Who else would you recommend to participate in this data collection survey? 
Colonel Andy Bird 
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Survey Number: 09 
Date of Survey: 14 February 2005 
Military Rank: COL (O6) Retired 
Years of Service: 31 : Military Intelligence, Armor, Cavalry 
Academic Experience: 
Military Education: Naval War College (NWC), 1994 
Civilian Education: BA, History, UT Arlington, 1969    

MS, Foreign Affairs and International Policy, NWC, 1994   
Military Experience: 
CTC:   BCTP Battalion XO (1), Battalion CO (2), Brigade XO (1) 

CMTC Company Commander, Battalion Commander (2) 
JRTC USAOTC Tester only 
NTC Battalion S3 (1) Brigade S3 (2), Brigade XO (1)  

Deployments:  REFORGER 2d Armor Division MI Support Staff 
   BRIGHT STAR Battalion S3, 3-66 AR 

EUCOM Staff (SUPPORT HOPE)   
Leadership:  Battalion Commander, 2-70 AR    
Key Staff:  Battalion S3/XO    
   Brigade S3/XO 
Combat: Operation DESERT STORM Brigade XO 1st Brigade, 1st Cavalry 

Division  
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision? I 
know where the enemy is located.  We are still combat effective.  I don’t want to let 
enemy armor cross the river; use attack helicopters to attack the enemy tanks while they 
are moving.   
3.  What did you decide to do? CAB3 follows CAB 2.  
4.  Why did you decide on that course of action? See answer 2. 
5.  What do you expect the results of your decision?  We should have a meeting 
engagement vicinity Obstacle 4. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier? When enemy tanks started moving.  If they didn’t move then we would 
consolidate on OBJ 1-1 and then attack to seize OBJ 2.  
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No urban 
operations 
1.  When did you think that you had sufficient information to make the decision?  
60% 
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2.  Why did you think that you had sufficient information to make the decision?  
Enemy tanks were getting ready to move.   
3.  What did you decide to do?  CAB 3 will attack OBJ 4.  
4.  Why did you decide on that course of action?  We want to stop the tanks from 
crossing the river; it appears they are moving south to bridges 4 and5.  
5.  What do you expect the results of your decision?  Stop enemy tanks from crossing 
the river and destroy enemy west of the river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy tanks started moving or when we had units becoming 
combat ineffective. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No urban 
operations 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No with no CTC  
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision?  We 
need to retain the initiative and stop the enemy tanks from crossing the river. 
3.  What did you decide to do?  Send both light infantry companies to air assault into 
OBJ 1 to block the enemy tanks from using the bridge.  Send CAB 3 to seize OBJ 4 in 
the south. 
4.  Why did you decide on that course of action?  CAB 1 may not have enough 
strength to secure OBJ 1 by itself. 
5.  What do you expect the results of your decision?  CAB1 will link-up with the light 
infantry companies near the bridge.  CAB 2 will secure OBJs 2 and 3.  CAB 3 will secure 
OBJK 4.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy tanks started moving or CAB 1 became combat 
ineffective. 
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Survey Number: 10 
Date of Survey: 07 March 2005 
Military Rank: COL (O6) Retired 
Years of Service: 27+ years:  Armor 
Academic Experience: 
Military Education: Senior Service College, 1996; School of Advanced Military 

Studies 1990; USACGSC 1989 
Civilian Education: BS, Business, Bowling Green (OHIO), 1974     

MBA, Marshall University, 1984 
MMAS, USACGSC SAMS Program, 1990    

Military Experience: 
CTC:   BCTP:  multiple  

CMTC: Two rotations as Tank Battalion Commander, 1992, 1993. 
NTC:  Two rotations as brigade commander, 1998, 1999.  

Leadership:  Battalion Commander, 2-67 AR, 1AD 1992-1994 
   Brigade Commander, 2 BCT 4ID 1997-1999    
Key Staff: Chief of Contingency Plans, V Corps, 1990-1992; Division G3, 

1AD 1993-1995; Division CS, 4ID(M) 1999-2001 
Combat:  Deployed as the Operations Officer (J3) for Joint Task Force (JTF) 

BRAVO in support of OPERATION PROVIDE COMFORT--Post 
DESERT STORM ground combat operations. 

Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision? The 
enemy tank battalion was moving.  I knew where the obstacles were located and the 
enemy’s priority of indirect fires.  Also CAB 3 was at DP1.   
3.  What did you decide to do?  CAB3 will follow and pass forward through CAB2 in 
the south so that it can then flank the enemy tank battalion as it moves west.  CAB2 will 
assume a hasty defense and the priority of our fires will shift to the enemy tank battalion. 
4.  Why did you decide on that course of action? See #3. 
5.  What do you expect the results of your decision?  Destroy the enemy tank battalion.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?   An earlier read on the direction of movement by the enemy tank 
battalion and the location of the obstacle breaches.  
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces?  Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/No/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
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2.  Why did you think that you had sufficient information to make the decision?  I 
knew the relative combat power calculus and that the direction of travel of the enemy 
tank battalion was towards bridge #4 in the south.   
3.  What did you decide to do?  CAB3 will follow CAB2 in the south and attack the 
enemy tanks, priority of fires will shift to the2 enemy tank battalion. 
4.  Why did you decide on that course of action? Once the enemy committed his tank 
battalion across the bridge it would be a linear target.  Also CAB1’s combat power was 
decreased.  It was an opportune time to commit the reserve CAB. 
5.  What do you expect the results of your decision?  We will destroy the enemy tanks 
and then the northern infantry battalion.  After that we will continue the attack against the 
enemy center then southern infantry battalions to complete the enemy’s defeat and 
accomplish our mission. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The earlier movement of the enemy tank and the artillery battalions. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/No/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/No/No 
1.  When did you think that you had sufficient information to make the decision? 
70% 
2.  Why did you think that you had sufficient information to make the decision? The 
enemy had committed his reserve tank battalion to the north/center bridges.  Also CAB 3 
was nearing DP3 and the attack helicopter battalion was moving forward. 
3.  What did you decide to do?  The attack helicopter battalion will attack the enemy 
tank battalion.  CAB3 will move to the north.  The air assault will move to the north to 
LZ CAT to secure the bridges after the tank battalion has been destroyed. 
4.  Why did you decide on that course of action?  See #3. 
5.  What do you expect the results of your decision?  We will secure bridges 1 and 2.  
CAB3 will exploit the situation in the north. CAB2 will hold and defend initially.  Once 
we destroy the enemy tanks, CAB2 will attack from north to south to defeat the enemy. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The movement of the enemy tanks, the status of the enemy artillery, 
and better visibility of the irregular indigenous forces in our AO. 
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Survey Number: 11 
Date of Survey: 10 February 2005 
Military Rank: LTC (O5) Retired 
Years of Service: 22: Infantry 
Academic Experience: 
Military Education: USACGSC 1992 
   Army War College (Retired before completion, 2001) 
Civilian Education: BA, Criminal Justice, UT Arlington, 1979    

MA Business Management, Webster University, St. Louis, 1992  
Military Experience: 
CTC:   BCTP Battalion S3, Brigade S3 

CMTC Observer/Controller 1993-94; Battalion S3/XO, Brigade 
S3/XO  
NTC Platoon Leader, Company Commander, Battalion S3 

Deployments: REFORGER 3 at company level, 2 at battalion-level, 1 at brigade-
level 

   IFOR Battalion S3; Brigade S3/XO    
Leadership:  Battalion Commander 2-7 Cavalry, 1st Cavalry Division   
Key Staff:  Battalion S3/XO, Brigade S3/XO 
   Division G3 Training/Operations, 1st Infantry Division 
Combat:   None 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  
Down to two CABs, one is combat ineffective. 
3.  What did you decide to do? CAB3 follows CAB2 to the south. 
4.  Why did you decide on that course of action? CAB 1 is still main effort, then CAB 
1 as supporting fires for attack on OBJ 2; RSTA attacks tanks. 
5.  What do you expect the results of your decision?  CAB 2 orients to the south east to 
isolate enemy on OBJ 1-2 and defend against tanks. RSTA defeats enemy tank battalion.  
Artillery isolates OBJ 1-2.  CAB 3 attacks OBJ 2.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy battalions became combat ineffective.  
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
100% 
2.  Why did you think that you had sufficient information to make the decision?  
When the other two CABs were combat ineffective.   
3.  What did you decide to do?  CAB 3 becomes main effort in the south. 
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4.  Why did you decide on that course of action? CAB1 and CAB 2 consolidate on 
west side of river.   
5.  What do you expect the results of your decision?  CAB 1 secures OBJ 1, CAB 2 
secures OBJs 2/3; CAB 3 attacks and crosses river to secure far side. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Combat status of our forces. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy tank battalion was moving.    
3.  What did you decide to do?  Move CAB 3 center of sector to counter enemy tank 
attack; OPCON One armor company to CAB 1. 
4.  Why did you decide on that course of action?  Isolate enemy artillery and prepare to 
attack enemy on OBJ4 after enemy tanks are destroyed. 
5.  What do you expect the results of your decision?  Enemy tanks stopped east of 
river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Movement of enemy tanks across the river.  When our combat 
effectiveness went below 80%.  I will not leave the light infantry companies isolated 
forward so I did not use an air assault.  I also would not have moved the attack helicopter 
battalion at 70%. 
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Survey Number: 12 
Date of Survey: 15 February 2005 
Military Rank: COL (O6) Active Duty 
Years of Service: 26: Infantry 
Academic Experience: 
Military Education: US Marine Corps War College, 2000 
Civilian Education: BS, Business, The Citadel, 1979    

MS, Management, Webster University, 1994    
Military Experience: 
CTC:   BCTP Battalion Commander, Corps staff 

CMTC Observer/Controller (O/C) certifier 
JRTC O/C certifier 
NTC Battalion S3, 1st Cavalry Division 

Deployments:  REFORGER eleven (11)   
Leadership:  Battalion Commander, 1-9 Infantry (Mech.) 2d ID ROK 
Key Staff:  Battalion S3, 1st Cavalry Division    
   Corps G3, Plans and Exercises 

Also was Small Group Instructor at the Infantry School at Fort 
Benning. 

Combat:  Post-DESERT STORM battalion S3, but not in contact with Iraqi 
forces 
Operation Iraqi Freedom Coalition Provisional Authority (CPA), 
Operations and Requirements 

Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  
Friendly combat strength reports and there appears to be less enemy force in the south. 
  
3.  What did you decide to do? CAB 3 goes to the north.  
4.  Why did you decide on that course of action? See # 2. 
5.  What do you expect the results of your decision?  The main part of the enemy tank 
battalion will be trapped on the east side of the river and we will have positional 
advantage any elements that can get across.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  See #2 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
50% 
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2.  Why did you think that you had sufficient information to make the decision?  The 
enemy is not in mutually supporting positions in the north. 
3.  What did you decide to do?  Send CAB3 attacks in the north.  
4.  Why did you decide on that course of action? To get to positions of advantage 
faster than the enemy can. 
5.  What do you expect the results of your decision?   
Our attack helicopters will attack the enemy tanks and we will block them form crossing 
the river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  NA 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision?  We 
could see that the enemy was using his artillery fires in the north. 
3.  What did you decide to do?  I used the two light infantry companies in an air assault 
to the south.  Then I committed CAB 3 to attack to link up with them on OBJ 4. 
4.  Why did you decide on that course of action?  The enemy cannot sustain his combat 
effectiveness in the south. 
5.  What do you expect the results of your decision?  We will continue the attack, the 
enemy tanks will cross in the north of our AO, and we will be successful it the south. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The commitment of enemy supporting artillery fires or the initial 
movement of his tank battalion. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
Colonel Bob Pricone 
Major Darren Anderson 
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Survey Number: 13 
Date of Survey: 15 February 2005 
Military Rank: LTC (O5) Retired 
Years of Service: 23: Artillery 
Academic Experience: 
Military Education: USACGSC 1987 
Civilian Education: BS, Wildlife sciences, Texas A&M University, 1976  
   MS Systems Administration, USC, 1985    
Military Experience: 
CTC:   BCTP  civilian contractor 

CMTC (Hohenfels Training Area) Division Fire Support planner 
NTC  Battalion Commander (2), Battery Commander (1) 
 Observer/Controller, Senior Fire Support/Artillery 1995-97  

Leadership:  Battalion Commander 3-82 FA Bn, 1st Cavalry Division, 1993-95 
Key Staff:  Battalion S3, 2-18FA Battalion 1990-91   
   Brigade S3, 2-12 FA Brigade, 1991-1992   
Combat:   Operation DESERT STORM, Battalion S3, 2-18 FA Battalion  
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy tanks are moving south to hit our flank.   
3.  What did you decide to do?  CAB 3 will follow CAB 1 in the north.  
4.  Why did you decide on that course of action? See # 2. 
5.  What do you expect the results of your decision?  We will outflank the enemy 
tanks, avoid the infantry in OBJ 1-2, and attack the enemy artillery position on OBJ 2.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The status of enemy forces on OBJ 1-1 or the tanks moving sooner.  
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No (No 
urban areas)  
1.  When did you think that you had sufficient information to make the decision?  
80% 
But I was almost ready to make the decision at 70% once I knew that the enemy tanks 
were moving. 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy tanks were moving.  He had committed his reserve forces.   
3.  What did you decide to do?  The attack helicopters will attack the moving enemy 
tanks.  CAB 3 will move to the south. 
4.  Why did you decide on that course of action? The enemy tanks were moving south. 
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5.  What do you expect the results of your decision?  We will destroy the enemy tanks 
as they are crossing the river at bridge #4 with our artillery and our tanks.  The CAS 
sorties will attack the enemy infantry as they cross the open area. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The movement of the enemy tanks and the actions of the southern 
infantry battalion. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision? 
80% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy had committed his reserve tank battalion.  CAB2 was at “yellow” which was 
enough to block the enemy tanks.   
3.  What did you decide to do?  CAB 3 goes to the north. 
4.  Why did you decide on that course of action?  The movement of the enemy tanks 
and that CAB 1 was “red”. 
5.  What do you expect the results of your decision? CAB 2 blocks, CAB 3 attacks 
through CAB 1, air assault goes in LZ CAT to block bridges.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?   Where are the enemy tanks going?  
Additional PIR could be, CAS on station, artillery set and in position to fire, status of 
observers to adjust fires, slant fro C4ISR systems, and UAV status. 
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Survey Number: 14 
Date of Survey: 15 February 2005 
Military Rank: COL (O6) Retired 
Years of Service: 28: Armor 
Academic Experience: 
Military Education: Army War College, 1990 
Civilian Education: BS, USMA, 1968    

MBA, Tulane University, 1975    
Military Experience: 
CTC:   BCTP: Three (3) as ADC(S) of 2d Armor Division  
Leadership:  Battalion Commander, 1-13ARBn, 2-37AR Bn 
   Brigade Commander, Armor Training Brigade, Fort Knox, KY 
   Division ADC(S) 2AD 
Key Staff:  Battalion S3/XO, 1-40AR Bn, Fort Polk, LA    
Combat:  Platoon leader and troop XO, E/17th Cavalry, 173d Airborne 

Infantry Brigade (RVN) 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
I could have made the decision at 70% once I saw the 80% situation. 
2.  Why did you think that you had sufficient information to make the decision? 
CAB 2 was at “red” status and I needed sufficient combat power to continue the attack.  
  
3.  What did you decide to do? CAB3 goes around CAB1 to the north.  CAB1 will 
continue attack to support CAB 3’s attack on OBJ 2.  
4.  Why did you decide on that course of action? CAB1 still has sufficient combat 
power to continue the attack.  CAB2 needs to block enemy tank battalion as it moves 
west. 
5.  What do you expect the results of your decision?  We seize OBJ2 with CABs 1 and 
3, while CAB 2 defeats enemy tank battalion in the south. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The status of friendly and enemy combat effectiveness.  
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/N o 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  I 
could see where the enemy tank battalion was going. 
3.  What did you decide to do?  CAB3 prepares to block enemy tank battalion in the 
south.  
4.  Why did you decide on that course of action?  See # 2.  
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5.  What do you expect the results of your decision?  I will get set before the enemy 
tank battalion can get to the blocking positions in the south. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy made the decision to cross the river and at what 
bridge he wanted to use to cross. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  I 
knew that I had to block the enemy tank battalion from crossing the river. 
3.  What did you decide to do?  I conducted two air assault missions to place the light 
infantry companies in position to block crossings vicinity OBJs 1 and 4.   CAB3 passed 
forward to seize OBJs 2 and 3. 
4.  Why did you decide on that course of action?  Block enemy tanks from crossing the 
river. 
5.  What do you expect the results of your decision?  Use the attack helicopters to 
attack the tanks as they form to cross the river and then on the bridges.  CAB 3 secures 
OBJ 2 and 3 before the tanks can cross the river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?   When the tanks started to move. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
LTG(R) Ed Soriano 
LTC(R) Randy Hill 
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Survey Number: 15 
Date of Survey: 16 February 2005 
Military Rank: COL (O6) Retired 
Years of Service:  26: Armor     
Academic Experience: 
Military Education: Naval War College (NWC), 1995 
Civilian Education: BS, USMA 1975    

MS, MBA, Webster University, Saint Louis, 1988 
MS, Strategic Studies, NWC, 1995    

Military Experience: 
CTC: BCTP Battalion Commander, Brigade XO, Corps G3 Chief of 

Operations 
NTC Battalion Commander (1), Battalion S3 (1)  

Deployments:  REFORGER Multiple 
   ULCHI FOCUS LENS (ROK)    
Leadership:  Battalion Commander, 2-8 Cavalry, 1st Cavalry Division  
  
Key Staff:  Battalion S3, 1-67 AR 1989; XO, 1-67 AR 1990    
   Brigade XO, 1st Brigade, 1st Cavalry Division 
Combat:   None 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision? We 
had to act now or our attack will stall.  CAB 1 and CAB 2 are both in contact and trying 
to get through the obstacles.   
3.  What did you decide to do?  CAB 3 will go to the south of CAB2 to continue the 
attack on OBJ 2. 
4.  Why did you decide on that course of action? It would be too long to go around to 
the north. 
5.  What do you expect the results of your decision?  CAB 3 will seize OBJ 2. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  I needed to know when the attack by the two leading CABs was 
stalled.  
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  I 
knew where the enemy tank battalion was going.   
3.  What did you decide to do?  CAB3 will attack to seize OBJ1 in the north. 
4.  Why did you decide on that course of action? We can roll the enemy’s flank from 
north to south. 
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5.  What do you expect the results of your decision?  We will seize OBJ 1 and our big 
fight will be between OBJs 3 and 4. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The location of the enemy’s tank battalion.  
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  
Once it got to DP3, CAB3 was already starting to get committed.  The enemy tank 
battalion was moving.  
3.  What did you decide to do?  CAB 3 will reinforce CAB 2 to defeat the enemy tank 
battalion if it gets across the river. 
4.  Why did you decide on that course of action?  By committing now we can either 
catch the enemy tank battalion on the bridge or before it can get set to continue the attack. 
5.  What do you expect the results of your decision?  We will attack the enemy tank 
battalion as it starts to cross the bridge. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy tank battalion started to move.  When we had the 
area around DP3 secured so that CAB 3 could move forward. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
Colonel Dave Hogg, Commander 2d Brigade, 4ID(M) 
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Survey Number: 16 
Date of Survey: 08 March 2005 
Military Rank: LTG (O9) Retired 
Years of Service: 33 years:  Medical Service Corps, Infantry     
 Academic Experience: 
Military Education: Army War College, 1980 
Civilian Education: BS, Physical Education, Middle Tennessee University, 1960 
   MS, Political Science, Kansas State University, 1973  
Military Experience: 
CTC:   BCTP:  Division CG (1), Corps CG (1) divisions (15+) 

NTC: Brigade Commander (3), CG NTC 2.5 years  
Deployments:  REFORGER at least 4  
   TEAM SPIRIT Corps Commander 
   BRIGHT STAR Division Commander (2)   
Leadership:  Battalion Commander, 1-36 In (M), 3 AD, Germany 1975 
   Brigade Commander, 2d Brigade,24ID(M), 1984-86 
   Assistant Division Commander, 3ID(M), 1985-86 
   CG, NTC, 1986-88 
   Division Commander, 24ID(M), 1988-90 
   III Corps Commander, 1991-93 
Combat:  RVN, 1965-66, Deputy Regimental Advisor, 18th ARVN ID  

 RVN, 1969-70, G2 Operations Officer, XO/S3 1-8 Cavalry  
Battalion 

Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision? I 
could see the enemy disposition in relation to the decision point. 
3.  What did you decide to do?  CAB3 goes north. 
4.  Why did you decide on that course of action?  I could see the disposition of the 
enemy forces. 
5.  What do you expect the results of your decision?  Success 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?   None 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy’s disposition and that he had committed his reserve tank battalion.   
3.  What did you decide to do?  CAB3 goes south. 
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4.  Why did you decide on that course of action?  I could see the enemy’s disposition 
and I could catch his tanks with artillery and attack helicopters when they were moving 
across the river.  
5.  What do you expect the results of your decision?  We will stop the tanks. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy committed his tanks. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy committed his tank reserve. 
3.  What did you decide to do?  CAB3 goes north. 
4.  Why did you decide on that course of action?  We will destroy the enemy tanks as 
they cross the river.  Then air assault behind them into an LZ in OBJ 1. 
5.  What do you expect the results of your decision?  We accomplish our mission. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  A better read on the enemy tanks. 
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Survey Number: 17 
Date of Survey: 07 March 2005 
Military Rank: LTC (O5) Active Duty 
Years of Service: 20 years: Infantry     
 Academic Experience: 
Military Education: USACGSC, 1998.  Army SSC Selection Board has not yet met 
Civilian Education: BS, Public Speaking, Ouachita Baptist University, Arkadelphia, 

AR, 1985 
 MMAS, History, USACGSC, 1998    
Military Experience: 
CTC:   BCTP; Only during CGSC 

CMTC: Infantry battalion XO 
JRTC: Battalion S1 
NTC: 25 rotations as part of the OPFOR 

Deployments:  TEAM SPIRIT: Infantry Platoon Leader, 6ID(L), 1988  
   IFOR: Task Force S3, 1999   
Leadership:  Battalion Commander 1-22 IN (M)    
Key Staff:  Battalion S3/XO: 1-26 IN (M), 1ID (M)    

Corps Chief of Operations, CFLCC, Chief of Future Operations, 
Operations ENDURING FREEDOM 

Combat:   Operation IRAQI FREEDOM, Battalion Commander, 2003 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision? The 
enemy cannot reinforce to the north and the enemy tanks will move to me.   
3.  What did you decide to do?  CAB3 goes north. 
4.  Why did you decide on that course of action?  I want to mass my combat power. 
5.  What do you expect the results of your decision?  We will get a 2-1 combat power 
ratio against the enemy tank battalion.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  At 60% I would have wanted to know the combat effectiveness of the 
enemy infantry battalion in the south. 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces?  Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
50% 
2.  Why did you think that you had sufficient information to make the decision?  I 
could see the enemy disposition and the terrain. 
3.  What did you decide to do? CAB3 goes south.  
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4.  Why did you decide on that course of action? Terrain shapes the southern battle to 
my advantage. 
5.  What do you expect the results of your decision?  The enemy will be destroyed. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  None 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces?  Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
50% 
2.  Why did you think that you had sufficient information to make the decision? I 
could see the enemy disposition and the terrain. 
3.  What did you decide to do?   CAB3 goes south.  
4.  Why did you decide on that course of action?  Terrain shapes the southern battle to 
my advantage. 
5.  What do you expect the results of your decision? The enemy will be destroyed. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  None 
Who else would you recommend that I contact to participate in this data collection 
survey? 
LTC Thompson 7-10 Cavalry Squadron commander 
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Survey Number: 18 
Date of Survey: 23 February 2005 
Military Rank: COL (O6) Retired  
Years of Service: 28: Field Artillery 
 Academic Experience: 
Military Education: Naval War College, 1997 
Civilian Education: BS, Engineering, USMA 1975    

MMAS, International Relations, USC, 1979 
MS, National Strategic Security Studies, 1997    

Military Experience: 
CTC:   BCTP: III Corps G1 (3) 

NTC: S3, DS Artillery Battalion (1985), S3 DS Artillery Battalion 
(1986), S3, GS Artillery Battalion (1990), Commander, 1-82 FA 
Bn   

Deployments:  REFORGER as Lieutenant       
Leadership:  Battalion Commander 1-82 FA Bn, 1CD, 1993-95    
Key Staff:  Battalion S3    
   Brigade S3, 24 ID(M) DIVARTY 
   Corps G3 Training 
Combat:  Operation DESERT STORM, 24ID (M) DIVARTY S3, 1991 

Operation ENDURING FREEDOM, Central Command, LNO, 
2002   

Also wrote the scenario for the 1 Cavalry Division BCTC train-up at Fort Hood in 2003.   
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision? We 
had cleared the enemy obstacle belt in the north, that battalion was rated RED, the enemy 
artillery was firing on CAB2 instead of engaging in the counter-fire fight with our NLOS 
battalion, We should be able to overrun the enemy forces on OBJ 2.  
3.  What did you decide to do?  CAB3 goes north. 
4.  Why did you decide on that course of action? See #2. 
5.  What do you expect the results of your decision?  We will have no worse than 
AMBER combat effectiveness for the UA and seize OBJ2. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  If I could see when the enemy infantry went to RED status on OBJ 1 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
50% 
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2.  Why did you think that you had sufficient information to make the decision?  We 
were engaging the enemy artillery in the north and had a good fix on its location.  There 
was only one infantry battalion between me and his artillery.  If we could get across the 
river we could force the enemy artillery and tanks to change their plan and react to our 
initiative. 
3.  What did you decide to do? CAB3 goes north. 
4.  Why did you decide on that course of action? See #2. 
5.  What do you expect the results of your decision?  The enemy artillery displaces 
under pressure.  We then launch our attack helicopters supported by our artillery against 
them.  The RSTA must locate the second artillery battalion. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier? NA  
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision? 
60% 
2.  Why did you think that you had sufficient information to make the decision? We 
had the enemy artillery firing in support of the defense at the factory complex, and CAS 
strikes on the enemy artillery.   
3.  What did you decide to do?  CAB 3 goes north. 
4.  Why did you decide on that course of action?  We can be ready to attack across the 
river and roll up the enemy’s flank. 
5.  What do you expect the results of your decision?  We will defeat the enemy forces 
both west and east of the river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  NA 
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Survey Number: 19 
Date of Survey: 22 February 2005 
Military Rank: COL (O6) Retired  
Years of Service:  25+: Infantry/Special Forces (Rangers) 
 Academic Experience: 
Military Education:  Army War College 1995 
Civilian Education: BS, Business Administration, University of Arkansas, 1977  
   MS, International Relations, Troy State, 1980    
Military Experience: 
CTC:   CMTC: Brigade S3, 2AD; Battalion Commander  

NTC Brigade S3  
Deployments:  REFORGER (3) 2AD plans officer, infantry battalion S3  
  
Leadership:  Battalion Commander , 7-6 IN(M), 1AD   
Key Staff:  Battalion S3/XO, 2-41 IN (M), 2AD; S3 303d MI Bn   
   Brigade S3 1st Brigade, 2AD 
   Division G3 Plans 
Combat:   Battalion commander, Operation DESERT STORM, 1991 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  We 
saw the movement of the enemy tanks and we know the location of the enemy obstacles.  
We have started to attrite the enemy infantry and have engaged his artillery.   
3.  What did you decide to do?  CAB 3 goes north. 
4.  Why did you decide on that course of action? Enemy infantry battalion is RED.  
We have lanes in the obstacle.  The tanks are in the south and I can block with CAB 2. 
5.  What do you expect the results of your decision?  We will engage the enemy tank 
battalion with three CABs. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Movement of the enemy tank battalion and the confirmed location of 
the obstacles. 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy is strongest in the south and we were locating the enemy west of the river so we 
could destroy them. 
3.  What did you decide to do?  CAB 3 goes south. 
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4.  Why did you decide on that course of action? Tank battalion is dispersed to the 
east and will probably come forward to support the enemy infantry battalions. 
5.  What do you expect the results of your decision?  The attack helicopter battalion 
and artillery fires will attack the enemy tanks once they move or mass. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Knowing the location of enemy infantry battalions in OBJs 2 and 4.  
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  We 
knew the location of the three enemy infantry battalions.  I think that we can handle the 
threat from the two suspect groups but am not sure of the status of the neutral groups.  
We can attack the moving tanks and artillery with attack helicopters.  I do not think this is 
a good situation to use our air assault companies, except perhaps in the rear area to 
eliminate the known suspect groups. 
3.  What did you decide to do?   CAB 3 goes south. 
4.  Why did you decide on that course of action?  CABs 2 and 3 will secure the river 
line.  The air assault companies may be sent to assist CAB1. 
5.  What do you expect the results of your decision?  We will seize OBJs 2 and 3 then 
move north to support CAB 1. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The movement of the enemy tanks to the bridge. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
Doug McNeese, NGC, combat engineer in OIF, 2003 with 4ID(M) 
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Survey Number: 20 
Date of Survey: 23 February 2005 
Military Rank: COL (O6) Retired  
Years of Service:  27: Armor 
 Academic Experience: 
Military Education:  Army War College, 2000 
Civilian Education: BS, Political Science, University of Missouri, 1977    

MS, Systems Administration, USC, 1986 
MMAS USACGSC Advanced Military Studies Program, 1990  

Military Experience: 
CTC:   BCTP: 3ID (M) WFX G3 Planner, 7ID(L) G3 BCBST 

CMTC: Tank Battalion XO (3)  
NTC: SME for battalion/brigade tactics from USAARMC  

Deployments:  REFORGER: 4      
Leadership:  Battalion Commander, 3-81St Armor, Fort Knox, KY   
Key Staff:  Battalion S3/XO: Tank Battalion in Europe    
   Division G3 Plans 3ID(M) 
   Division G3 7ID(L) Fort Carson 
   Division CS 1CD Fort Hood 
Combat:   Operation DESERT STORM, VII Corps G3 Plans 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  We 
identified and engaged the enemy artillery with NLOS fires; they couldn’t support the 
tank battalion counterattack.  We saw the enemy tank battalion moving. 
3.  What did you decide to do? CAB3 goes south while CAB2 blocks the tanks. 
4.  Why did you decide on that course of action? We can catch the enemy tank 
battalion as it moves. 
5.  What do you expect the results of your decision?  We will defeat the enemy tank 
battalion.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier? Movement of the tanks.  
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision? 
60% 
2.  Why did you think that you had sufficient information to make the decision?  The 
tank battalion is forming to move; know locations of enemy infantry battalions and the 
artillery battalion in the north. 
3.  What did you decide to do?  CAB3 goes north to OBJ 1. 
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4.  Why did you decide on that course of action? The enemy tank battalion will go 
across bridge 1 and we need to get set to stop his movement. 
5.  What do you expect the results of your decision?  I expect a meeting engagement 
between the tank battalion and CAB3 just to the west of OBJ 1.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  When the enemy tank battalion started moving.  
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision? 
When the enemy committed his tank battalion and I knew the relative combat power of 
the forces.   
3.  What did you decide to do?  I moved CAB3 to CP 1 at 70%, then committed it north 
to block the enemy tanks at 80%  
4.  Why did you decide on that course of action?  To block the enemy tanks. 
5.  What do you expect the results of your decision?  The enemy tank battalion will 
cross the river but be defeated. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  I should have inserted the air assaults in earlier to block bridge 1. 
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Survey Number: 21 
Date of Survey: 22 February 2005 
Military Rank: LTG (O9) Retired  
Years of Service:  31: Cavalry 
 Academic Experience: 
Military Education:  Army War College, 1985 
Civilian Education: BS, History, Texas A&M University, 1966    

MS, European History, Harvard, 1971    
Military Experience: 
CTC:   BCTP: Division G3, CAC Commander 

NTC: Division G3  
Deployments: REFORGER: Once as regimental S3, twice as squadron 

commander   
Leadership:  Squadron Commander 1/3 Armored Cavalry Regiment 
   Regimental Commander, 2d ACR 
   Commanding General, 3d Infantry Division (Mechanized) 
   Commanding General, Combined Arms Center  
Key Staff:  Regimental S3/XO 
   Division G3 
Combat:   Troop Commander C/1-4 Cavalry (RVN) 
   Commander, 2d ACR Operation DESERT STORM  
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70%.  This is a contest for the initiative.  In an attack you cannot wait, the enemy is a free 
agent. 
2.  Why did you think that you had sufficient information to make the decision? I 
had a good fix on OBJ 2, fires on OBJ 1-1 and fixed the enemy on OBJ 1-2 so I can 
bypass if necessary. 
3.  What did you decide to do?  Pass CAB 3 south to attack OBJ 2. 
4.  Why did you decide on that course of action? It is the simplest and fastest COA 
and allows me to support SAB 3 with NLOS fires and the RSAT squadron. 
5.  What do you expect the results of your decision?  Defeat the enemy tank battalion 
on OBJ 2 by using CAB3, supporting fires from CAB 2, and indirect fires from the 
NLOS battalion. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Definition of the enemy forces in OBJ 2.    
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision? 
80%.  At both 60% and 70% I felt that there was no need to commit the reserve CAB 3. 
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2.  Why did you think that you had sufficient information to make the decision?  The 
situation was now fully developed.  The enemy battalions defending in the north and 
center were defeated.  The attack helicopter battalion and NLOS fires would attack the 
enemy tank battalion once it was committed. 
3.  What did you decide to do?  CAB 3 goes to the south. 
4.  Why did you decide on that course of action?  See #2 
5.  What do you expect the results of your decision?  Destroying enemy tanks and 
infantry west of the river  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Definition of the tanks battalion’s movement and direction of travel. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  The 
fight against the enemy was developed and CABs 1 and 2 were decisively engaged.  
There was no pressure in the south.   
3.  What did you decide to do?  The light infantry battalions were air assaulted into LZ 
CAT at 50%.  The air strikes were used against the tank battalion at 60%.  CAB 3 attacks 
OBJ 4 at 70%. 
4.  Why did you decide on that course of action?  See # 2. 
5.  What do you expect the results of your decision?   Defeat all three infantry 
battalions, stop the tanks east of the river or directly astride the bridges as they cross the 
river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?   Better definition of the tank battalion. 
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Survey Number: 22 
Date of Survey: 17 February 2005 
Military Rank: 19 Years: LTC (O5) Army National Guard on Active Duty for 

three years 
Years of Service: Armor, Cavalry, Infantry 
Academic Experience: 
Military Education: Senior Service College Fellow, The University of Texas at Austin 
Civilian Education: BS, Business, University of New York Regents, 1985  
   MS, Aeronautical Engineering, Embry Riddle, 2001    
Military Experience: 
CTC:   BCTP: Infantry Battalion Commander, V Corps WFX 

JRTC: Two companies trained for Bosnia SFOR 11 
NTC: Two companies trained for Bosnia, SFOR 11 

Deployments:  None    
Leadership:  Battalion Commander 163d Infantry Battalion, 2001-2004 
Key Staff:  Armor Battalion XO, 2-163 Armor Battalion    
   State Troop Command (Brigade equivalent)    
Combat:   None 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision?  I 
had a good location on the enemy forces on OBJ 1 and could use indirect fires to fix 
them. 
3.  What did you decide to do? CAB3 goes north. 
4.  Why did you decide on that course of action? I wanted to support the main effort. 
5.  What do you expect the results of your decision?  We can exploit the success of the 
main effort.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The combat power status of the main effort (CAB1) 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
60% 
2.  Why did you think that you had sufficient information to make the decision?  I 
wanted to support the main effort.   
3.  What did you decide to do?  CAB 3 follows the main effort to the north.  
4.  Why did you decide on that course of action?  I wanted maximum combat power to 
the north. 
5.  What do you expect the results of your decision?  We will accomplish the mission 
by using the better terrain for our maneuver. 
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6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The mobility level of the terrain for the main effort. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/No 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/No 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/No 
1.  When did you think that you had sufficient information to make the decision?  
50% 
2.  Why did you think that you had sufficient information to make the decision?  I 
knew the enemy’s positions and wanted to have room to maneuver.   
3.  What did you decide to do?  CAB3 goes north. 
4.  Why did you decide on that course of action?  I wanted to use the terrain to our 
advantage to avoid the larger amount of urban terrain in the south. 
5.  What do you expect the results of your decision?  We will accomplish our 
objectives. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  NA 
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Survey Number: 23 
Date of Survey: 22 February 2005 
Military Rank: LTC (O5) Retired  
Years of Service:  21 years: Engineer 
 Academic Experience: 
Military Education:  USACGSC 1996 
Civilian Education: BS, Agriculture, Tarleton State University, 1982    

MS, Business Management, Webster University, 1995   
Military Experience: 
CTC:   BCTP: Battalion Commander, acted as Engineer Brigade 
Commander 

CMTC : Observer Controller (O/C); Battalion XO 
NTC: Company Commander 1988, Battalion Commander 2002  

Deployments:  REFORGER: multiple 
   IFOR 1996, SFOR 1998, KFOR 2000 
Leadership:  Battalion Commander, 299th Engineer Battalion, 4th ID(M) 
Key Staff:  Battalion XO      
Combat:   Operation URGENT FURY (Grenada), 1983  

El Salvador  
Bosnia  
Kosovo  
Operation IRAQI FREEDOM Battalion Commander, 2003 

Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  The 
enemy tank battalion is moving.  The enemy artillery is at AMBER status.  My lead 
CAB2 is rated RED but here infantry is BLACK.  It may be difficult fro me to get 
through OBJ 1-1. 
3.  What did you decide to do?  CAB 3 follows and passes though CAB 3 in the north. 
4.  Why did you decide on that course of action? CAB 3 attacks the enemy tank 
battalion. 
5.  What do you expect the results of your decision?  See #4. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The relative combat power ratio on OBJ 1-1 and the enemy tank 
battalion. 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
90% 
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2.  Why did you think that you had sufficient information to make the decision?  I 
understood the relative force ratio in the south and CAB 2 needs help.  
3.  What did you decide to do?  Send CAB 3 south. 
4.  Why did you decide on that course of action? See #2. 
5.  What do you expect the results of your decision?  We will stop the enemy tanks 
from crossing the river. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Combat power of CAB1 and enemy tank battalion as well as the 
enemy infantry battalion in the south. 
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  
When I understood the ratio of enemy fire power to friendly fire power.   
3.  What did you decide to do?  CAB supports CAB 2 in the center.  
4.  Why did you decide on that course of action?  Tank battalion is still a threat and it 
is supported by a GREEN status artillery battalion. 
5.  What do you expect the results of your decision?  Destroy the enemy tank battalion 
and continue the attack to the objectives. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  The enemy tank battalion was moving.  Also the relative combat 
power.  
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Survey Number: 24 
Date of Survey: 07 March 2005 
Military Rank: COL (O6) Active Duty 
Years of Service:   24 years: Armor 
 Academic Experience: 
Military Education:  Army War College 2002 
Civilian Education: BS, Chemistry, USMA at West Point, 1981    

MMAS, Advanced Military Studies Program, USACGSC, 1993 
MMAS, Strategic Studies, AWC, 2002    

Military Experience: 
CTC:   BCTP: 1st Cavalry Division G3 Plans, Tank Battalion Commander 

CMTC: Company Commander, Battalion Commander (2), MRE 
KFOR  
NTC: Company XO (83), Battalion S4 (85), Battalion XO (95); 
also NTC Company/Team O/C Scorpions and Lizard 05P Plans  

Deployments:  REFORGER: 1982, 1988 
   KFOR (2)    
Leadership:  Battalion Commander. 2-37 AR Bn, Europe 
   Brigade Commander, 2d Bde/4ID(M) 2003-2005 
Key Staff:  Battalion S3/XO: 1-12 Cavalry Battalion, 1CD    
   Division G3 Plans, Division Assistant Chief Staff; G3 KFOR 
Combat:   Operation IRAQI FREEDOM, Brigade Commander  
The subject also requested the use of these scenarios to be used as a methodology to 
retrain his new BCT battle staff in ways to depict combat information as part of the 
military decision making process. 
Scenario 1 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision? The 
enemy battalion is RED.  We have a breach in the north.  The enemy infantry in front of 
the RSTA is AMBER.  The enemy tank battalion is moving. 
3.  What did you decide to do? CAB3 goes south. 
4.  Why did you decide on that course of action? I want to defeat the tank battalion. 
5.  What do you expect the results of your decision?  CAB1/2 both occupy OBJ 1-1 
and support CAB 3 by fire.  I expect the enemy tank battalion and CAB3 to have a 
meeting engagement.  Our priority of fires will first be on the tanks, then to the enemy n 
OBJ 1-2, then the enemy artillery. 
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Movement of enemy tanks and combat effectiveness on OBJ 1. 
Scenario 2 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
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1.  When did you think that you had sufficient information to make the decision?  
80% 
2.  Why did you think that you had sufficient information to make the decision?  I 
almost made the decision at 70% but at 80% I knew the enemy disposition and that his 
artillery was reduced.  I thought that I had sufficient combat power in the north so I could 
focus on the south. 
3.  What did you decide to do?  CAB3 goes south. 
4.  Why did you decide on that course of action?  See #2. 
5.  What do you expect the results of your decision?   We will defeat the enemy in the 
south and prevent the tanks from accomplishing their mission.  
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Movement of enemy tanks and then the artillery’s combat 
effectiveness.  
Scenario 3 
A.  Have you studied/trained/fought against a similar enemy with similar friendly 
forces? Yes/Yes/Yes 
B.  Have you studied/trained/fought in a similar environment? Yes/Yes/Yes 
C.  Have you studied/trained/fought against similar non-conventional military forces 
and ROE? Yes/Yes/Yes 
1.  When did you think that you had sufficient information to make the decision?  
70% 
2.  Why did you think that you had sufficient information to make the decision?  
CAB1 and CAB2 were in contact and the enemy had his tanks and artillery moving north. 
3.  What did you decide to do?  CAB3 goes north. 
4.  Why did you decide on that course of action?   Enemy tanks and artillery are 
focused to the north and CAB1 is RED. CAB2 can hold in the south. 
5.  What do you expect the results of your decision?  We will defeat the enemy’s 
reserve then continue the attack to defeat the enemy infantry battalions in the south.   
6.  What was the key piece of information that would have allowed you to make the 
decision earlier?  Movement of enemy tanks. 
Who else would you recommend that I contact to participate in this data collection 
survey? 
Colonel Jim Hickey; LTC Gary Derby, LTC Joe Martin 
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Table 26: Average Values and Changes between Scenarios 
Average Values and Changes between Scenarios 

Survey E P C E 2-1 P 2-1 C 2-1 E 3-2 P 3-2 C 3-2 
1 0.78 0.70 0.55 0.00 0.00 0.00 -0.05 0.00 -0.03 
2 0.93 0.77 0.71 -0.07 0.10 0.04 -0.08 0.00 -0.06 
3 0.80 0.57 0.45 0.00 0.10 0.08 0.00 0.00 0.00 
4 0.78 0.73 0.57 0.00 0.00 0.00 -0.05 0.10 0.04 
5 1.00 0.63 0.63 0.00 0.20 0.20 0.00 0.00 0.00 
6 0.87 0.67 0.58 -0.13 -0.10 -0.18 -0.12 0.10 0.01 
7 0.78 0.73 0.57 0.00 0.20 0.16 -0.05 0.00 -0.04 
8 0.91 0.53 0.49 -0.03 -0.10 -0.10 0.08 0.00 0.04 
9 0.93 0.63 0.59 -0.07 -0.10 -0.14 -0.08 0.00 -0.05 

10 0.74 0.77 0.57 -0.07 0.00 -0.06 -0.03 -0.10 -0.09 
11 0.80 0.87 0.69 0.00 0.20 0.16 0.00 -0.20 -0.16 
12 0.86 0.60 0.52 0.07 -0.20 -0.12 -0.03 0.10 0.10 
13 0.93 0.80 0.74 -0.07 0.00 -0.06 -0.08 0.00 -0.06 
14 0.77 0.77 0.59 0.00 0.00 0.00 -0.10 -0.10 -0.15 
15 0.78 0.70 0.55 0.00 0.00 0.00 -0.05 0.00 -0.03 
16 0.92 0.73 0.67 -0.13 0.20 0.10 0.03 0.00 0.02 
17 1.00 0.57 0.57 0.00 -0.10 -0.20 0.00 0.00 0.00 
18 0.94 0.60 0.57 -0.07 -0.20 -0.23 -0.03 0.10 0.07 
19 0.88 0.67 0.59 -0.07 -0.10 -0.14 -0.03 0.10 0.07 
20 0.93 0.67 0.62 -0.07 -0.10 -0.14 -0.12 0.20 0.13 
21 0.93 0.73 0.68 -0.07 0.10 0.04 -0.08 -0.10 -0.15 
22 0.80 0.57 0.44 0.00 0.00 0.00 0.00 -0.10 -0.08 
23 1.00 0.83 0.83 0.00 0.10 0.10 0.00 -0.10 -0.10 
24 1.00 0.73 0.73 0.00 0.10 -0.10 0.00 -0.10 -0.10 
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